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CS-AZ-75
Construction Specification 
CS-AZ-75	Lined Canals and Ditches

1	Scope
The work consists of the construction and installation of lined field ditches, canals, and laterals. The field ditches, canals, and laterals shall be constructed at the location and to the dimensions (alignment, grades or elevations) as shown on the drawings.

2	Materials
Concrete – Concrete shall meet the requirements for Construction Specification CS-AZ-32 Structure Concrete and Material Specification MS-AZ-530 Concrete, unless otherwise noted.

Fiber mesh – Fiber mesh may be mixed with concrete for increased resistance to cracking if shown on the drawings or approved by the NRCS technical representative. 

Fiber Mesh material shall be 100 percent virgin polypropylene fibrillated fibers containing no reprocessed olefin materials. Material shall meet the requirements of ASTM C1116 and ASTM C1399, with an average minimum Residual Strength of 40 psi (4 beams from a single batch). The individual fibers shall have a graded length of 1/2 inch to 3/4 inch. The fibers shall be blended into the concrete mix according to the manufacturer’s instructions. 

Steel and non-ferrous metal linings – Galvanized sheet steel shall conform to ASTM A653, Coating Class 1.25 oz./ft., or Federal Specification QQ-S-775C, Type 1, Class D. The edges of the sheets shall be rolled or pressed into a shape that will provide added strength at the corners and firm anchorage into the ditch. 

Fasteners for steel or non ferrous metal linings shall be zinc or cadmium plated, stainless steel or epoxy coated. 

Flexible membrane and semi-rigid plastic linings – Flexible membrane liners shall meet the requirements for Material Specification MS-AZ-594 Flexible Membrane Liner.

Chemical Treatments – Chemical treatments may include tetrasodium pyrophosphate (TSPP), sodium tripolyphosphate (STPP), Soda Ash (sodium carbonate), Bentonite (sodium bentonite), and Soil Cement (mixture of Portland cement, soil and water).

3	Site and Foundation Preparation
Site Preparation shall be in accordance with Construction Specifications CS-AZ-08 Mobilization and Demobilization, CS-AZ-02 Clearing and Grubbing, CS-AZ-03 Structure Removal, and CS-AZ-05 Pollution Control.

Foundation and Earthwork will be in accordance with the requirements of Construction Specifications CS-AZ-21 Excavation, CS-AZ-23 Earthfill and CS-AZ-11 Removal of Water. 

Subgrade shall be scarified to a depth of at least four inches before compaction is started.  Other compaction methods may be used if the fill sections are allowed seasonal consolidation for at least a 6-month period and are approved by the NRCS technical representative.

Earthwork shall present a smooth and workmanlike appearance when completed and be free of any standing water and vegetation.

4	Construction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Unless otherwise specified, the shoulder width of ditch and canal banks shall not be less than 2.0 feet with minimum side slopes of one horizontal to one vertical.

Concrete linings – Concrete lining shall be placed on moist, compacted surfaces free of debris, vegetation, loose soil, mud or standing water.  Concrete may be furnished by batch mixing at the work site or by ready-mix methods. 

The concrete mix for Concrete Lined Canals and Ditches shall meet the following criteria:

Concrete Mix Design and NRCS requirements 
	Mix Design Parameter
	Criteria

	Water to Cement Ratio
	Maximum 0.50

	Bags of Cement (standard 94 lb bag) per cubic yard of concrete mix.
	As many bags as needed to meet the 28 day compressive strength of 3000 psi but not less than 5.5 bags.

	[bookmark: _GoBack]Ratio of Pozzolans (Fly ash) to cementitious material (fly ash + cement combined) 
	
Maximum 15% by weight

	Air Content
	Air content shall  not exceed 7%

	Slump (inches)
	3”± 1”

	Compressive Strength (28 day)
	Minimum compressive strength = 3000 psi 



The concrete mix design must be approved by the NRCS technical representative prior to construction.

Slip-forms shall be operated to achieve a uniform thickness of the concrete lining. Minimum thickness for plain concrete linings in rectangular sections shall be 3 ½ inches. For trapezoidal or parabolic sections, minimum thickness shall be as shown on the plans, but in no case less than the minimum thickness specified below:

	Design Velocity
(ft/sec)
	Minimum Thickness by Climatic Area1
(inches)

	
	Warm
	Cold

	Less than 9.0
	1.5
	2.0

	9.0 – 12.0
	2.5
	2.5

	12.0 – 15.0
	2.5
	3.0


	1Climatic Area: 	Warm – Average January temperature is 40°F and above
Cold – Average January temperature is less than 40°F

Control joints shall be ¼ inch wide perpendicular of the concrete lining, at a depth equal to one-third of the lining thickness, with a uniform spacing not to exceed 10 feet.  Construction joints shall be butt type, formed square with the lining surface and at right angles to the ditch or canal.  Control and construction joints shall have smooth finishes.

Hand placed concrete and formed concrete shall be placed in alternate sections not exceeding a length of 10 feet per section.  Intermediate sections shall then be placed after the first sections have set.  

The concrete shall be cured for not less than 5 days using one of the methods specified in Construction Specification CS-AZ-32, Structure Concrete.

The contractor shall repair or replace all loose, cracked or otherwise unsuitable or defective concrete work. The repair method, procedures and application shall be per Construction Specification AZ-CS-35 Concrete Repair.

The delivery tickets for ready-mix concrete shall identify the concrete mix delivered to the site. All ingredients shall be documented by weight except water and admixtures, which may be measured by volume. If additional water is to be added at the job site, the volume of water shall also be identified on the delivery ticket. The delivery tickets shall be furnished to the NRCS technical representative.

Steel and non-ferrous metal linings – Minimum thickness of the lining shall be 24-gage for individual sheets 84 inches or less in width or 22-gage for wider sheets. 

Joints shall be flexible, watertight, and filled with sealant material capable of withstanding contraction/expansion of the lining material for the temperature variations expected at the site. The anchorage section shall be covered with earth.

Flexible membrane and semi-rigid plastic linings – Plastic and rubber membranes shall be carefully spread in a relaxed condition over the raked and smoothed subgrade. Rubber sheets may be pulled out smooth, but all liners shall be installed in a relaxed state. For polyethylene film, care shall be taken to insure that at least 5 percent slack is provided. Prefabricated asphalt membranes shall be pulled out so that they lay flat on the subgrade.

If the width or length of the lining specified requires placing sheets together, all joints shall be watertight, and the strength of the bonded seam in any direction shall not be less than 80 percent of breaking strength (ultimate tensile strength) of the membrane when the specimen is pulled in shear.

Small anchor trenches about 10 inches wide and 12 inches deep shall be used to anchor the sides and upstream end of the membrane. These trenches shall be located along the berm on both sides of the canal. They shall be a minimum of 4 inches back on the berm from the top of the side slope and at the elevation required to maintain the specified freeboard. The upstream end of the membrane section shall lap down a minimum of 12 inches into this transverse trench. The membrane shall conform to the trench shape and shall extend a minimum of 8 inches up the side opposite the canal. The trenches shall be carefully backfilled and compacted after the membrane is in place.

Prefabricated asphalt membranes shall be anchored at the upstream end of the lining section and at such intermediate points as are specified for individual jobs.

No anchors shall be required at the downstream end of membrane sections. The downstream end of the membrane shall be lapped a minimum of 3 feet over the anchored upstream end of the next section. Placement of the protective cover material will secure the joint.

When specified, material to be used as protective cover on membrane linings shall be free of large clods and sharp rocks and shall be carefully placed to the specified depth without damaging the membrane.

Chemical Treatment – Spray Application is accomplished by the application of appropriate chemicals on the finished surface of the canal. Methods and rate of spray applications shall be as shown in the construction drawing or as specified by the manufacturer. This type of treatment is suitable for both built up and excavated ditches.

Mixing of Chemical with Soils which forms the top layer of the finished canal surface on the bottom as well as on the sides, is treated with appropriate chemicals and the resulting mixture is placed to the appropriate lines and grades and compacted to construct the ditch section per approved drawings. Type of chemicals, method of mixing application rate, and method of construction shall be as shown in the drawing or as recommended by the product manufacturer. This type of treatment is more suitable for built up ditches.

5	Workmanship
All ditch lining and appurtenant structures shall be installed to the design lines, grades and elevations shown on the plans within the following tolerances:
· The maximum variation in elevation of both the top edge and ditch bottom shall at no place vary more than +/-0.1 ft. above or below the design grade.  Opposite sides of the lining shall be within 0.1 ft of the same elevation.
· Top and bottom width dimensions shall be within five percent of that specified.

6	Acceptance
The final acceptance of the work will be by inspection and to conformance to the requirements of this construction specification and the accompanying design.

7	Items of work and construction details 
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