NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE CONSTRUCTION SPECIFICATION
IRRIGATION DITCH LINING, FLEXIBLE MEMBRANE
CODE 428B
1. SCOPE
The work shall consist of installing approved flexible membrane liners including all preparation, earthfill, excavation; and furnishing and installing all necessary mechanical attachments, connectors, seals, anchors, and/or bonding to the alignment, grades, and dimensions as shown on the drawings or as staked in the field. 
2. MATERIALS 
Membrane. All flexible sheets or films to be used as buried membrane linings shall be constructed of high quality ingredients and shall be certified by the manufacturer to be suitable for this intended use.
All materials shall be uniform throughout and shall be free from dirt, oil, foreign matter, pits, tears, holes, or other defects that can affect their serviceability. Material shall be packaged to prevent damage from rough handling during shipment and to facilitate placement at the job site. Each package delivered to the job site shall be marked with the manufacturer's name or symbol; the name of the material; and the quantity, thickness, weight, and physical properties of the material.
Membranes shall have a minimum thickness as listed in Table 1.

Table 1. Minimum thickness
	Material
	Minimum thickness (mil)

	PVC
	20

	EPDM
	45

	EPDM (reinforced)
	45

	HDPE
	30

	LLDPE
	20

	PP (reinforced)
	36



Flexible membranes of the materials shown above shall meet or exceed the physical requirements listed in Tables 2-7 located on pages 2 - 4. Materials other than those listed above shall be approved by NRCS prior to installation. 
All membranes shall be manufactured from virgin material and shall be suitable for use in either exposed or buried conditions as specified in the drawings. Reworked or trim materials shall be from the same manufacturer and the same formulation as the liner.
Membrane material shall be delivered, handled, and stored in accordance with recommendations of the manufacturer.  Material shall be protected from puncture, dirt, grease, excessive heat, exposure to ultraviolet radiation, and/or other damage. 
Geotextile fabrics shall be a nonwoven type with fabric weights as specified on the drawings. 
Fittings and appurtenances fabricated from steel shall be coated with a coating suitable for burial such as coal tar, epoxy paint, or tape wrap.



Table 2.
 	Minimum requirements for PVC liner
	Properties
	Test Method
	Requirement*
--nominal thickness--

	
	
	20 mil
	30 mil

	Specific Gravity
	ASTM D792
	1.2
	1.2

	Tensile Properties
	ASTM D882
	
	

	          break stress, lb/in
	(MD and XD)
	48
	73

	          break elongation, %
	
	350
	350

	Tear resistance, lb
	ASTM D1004
	6
	8.5

	Low temperature brittleness, deg C
	ASTM D1790
	<-29
	<-29

	Dimensional stability,  % (maximum)
	ASTM D1204
	4
	4

	Hydrostatic resistance, psi
	ASTM D751 (method A)
	68
	100

	Seam properties
	ASTM D6392/D6214/D4437**
	

	

	          shear strength, lb/in**
	(NSF modified 20 in/min strain rate)
	35
	58

	          peel strength, lb/in***
	
	14
	14


*All values, unless specified otherwise, are minimum average roll values as reported for the test method.
**ASTM D6392 shall be used for thermally welded seams, D6214 for chemically welded seams, and D4437 for all other types.
MD: machine direction
XD: cross-machine direction





Table 3.
 Minimum requirements for non-reinforced EPDM liner
	Properties
	Test Method
	Requirement*
--nominal thickness--

	
	
	45 mil
	60 mil

	Specific Gravity
	ASTM D792
	1.1
	1.1

	Tensile Properties
	ASTM D882
	
	

	          break stress, lb/in
	(type IV at 20 in/min)
	50
	50

	          break elongation, %
	
	400
	400

	Tear resistance, lb
	ASTM D1004
	9
	11

	Puncture resistance, lb
	ASTM D4833
	35
	60

	Low temperature brittleness, deg F
	ASTM D1790
	<-45
	<-45

	Seam properties
	ASTM D413/D4437
	

	

	          shear strength, lb/in**
	(NSF modified 20 in/min strain rate)
	35
	35

	          peel strength, lb/in***
	
	14
	14


*All values, unless specified otherwise, are minimum average roll values as reported for the test method.
**At 200 percent strain.
***Cohesive bond mode.






Table 4.
Minimum requirements for reinforced EPDM liner
	Properties
	Test Method
	Requirements*
--nominal thickness--

	
	
	45 mil

	Specific gravity
	ASTM D792
	1.1

	Break stress, lb
	ASTM751 (method A)
	125

	Tear resistance, lb
	ASTM D5884 (method B)
	130

	Puncture resistance, lb
	FTMS 101C (method 2031)
	45

	Ply adhesion, lb/in
	ASTM D413 (machine method)
	7

	Low temperature brittleness, deg F
	ASTM D1790
	<-45

	Seam properties
	
	

	          shear strength, lb/in**
	ASTM D751
	35

	          peel strength, lb/in***
	ASTM D413
	14


*All values, unless specified otherwise, are minimum average roll values as reported for the test method.
**At 200 percent strain.
***Cohesive bond mode.



Table 5.
Minimum Requirements for HDPE liner
	Properties
	Test Method
	Requirement*
--nominal thickeness--

	
	
	30 mil
	40 mil
	60 mil

	Thickness
	ASTM D5199
	
	
	

	Density, g/cc
	ASTM D1505
	.94
	.94
	.94

	Tensile Properties
	ASTM D6693
	
	
	

	          break stress, lb/in       
	(type IV at 2in/min)
	114
	152
	228

	          yield stress, lb/in
	
	63
	84
	126

	          break elongation, %
	
	700
	700
	700

	          yield elongation, %
	
	12
	12
	12

	Tear resistance, lb
	ASTM D1004
	21
	28
	42

	Puncture resistance, lb
	ASTM D4833
	54
	72
	108

	Carbon black content, %
	ASTM D1603
	2-3
	2-3
	2-3

	Carbon black dispersion
	ASTM D5596
	cat 1-2
	cat 1-2
	cat 1-2

	Seam properties
	ASTM D6392
	
	
	

	          shear strength, lb/in
	
	60
	80
	120

	          peel strength, lb/in**
	
	39/FTB
	52/FTB
	78/FTB


*All values, unless specified otherwise, are minimum average roll values as reported for the test method.
**Film tear bond: A failure of one of the bonded sheets by tearing prior to complete separation in the bonded area.










Table 6.
Minimum Requirements for LLDPE liner
	Properties
	Test Method
	Requirement*
--nominal thickeness--

	
	
	20 mil
	30 mil
	40 mil

	Thickness
	ASTM D5199
	
	
	

	Density, g/cc
	ASTM D1505
	.915
	.915
	.915

	Tensile Properties
	ASTM D6693
	
	
	

	break stress, lb/in
	(type IV at 2in/min)
	76
	114
	150

	break elongation, %
	
	800
	800
	800

	Tear resistance, lb
	ASTM D1004
	11
	16
	22

	Puncture resistance, lb
	ASTM D4833
	28
	42
	56

	Carbon black content, %
	ASTM D1603
	2-3
	2-3
	2-3

	Carbon black dispersion
	ASTM D5596
	cat 1-2
	cat 1-2
	cat 1-2

	Seam properties
	ASTM D6392
	
	
	

	shear strength, lb/in
	
	24
	44
	58

	          peel strength, lb/in**
	
	20/FTB
	37/FTB
	50/FTB


*All values, unless specified otherwise, are minimum average roll values as reported for the test method.
**Film tear bond: A failure of one of the bonded sheets by tearing prior to complete separation in the bonded area 





Table 7.
 	Minimum requirements for reinforced PP liner
	Properties
	Test Method
	Requirement*
--nominal thickness--

	
	
	36 mil
	45 mil

	Specific gravity
	ASTM D792
	.90
	.90

	Tensile properties
	ASTM D751 (method A)
	
	

	          grab strength, lb
	
	200
	250

	          grab elongation, %
	
	22
	22

	Tear resistance, lb
	ASTM D5884 (method B)
	55
	75

	Puncture resistance, lb
	FTMS 101C (method 2031)
	200
	250

	Low temperature brittleness, deg C
	ASTM D2136
	<-40
	<-40

	Ply adhesion, lb
	ASTM D413 (machine method)
	20
	20

	Carbon black content, %
	ASTM D1603
	2-4
	2-4

	Carbon black dispersion
	ASTM D2136
	Cat 1-2
	Cat 1-2

	Seam properties
	
	

	

	          shear strength, lb/in**
	ASTM D751
	160
	200

	          peel strength, lb/in
	ASTM D413
	20/FTB
	20FTB


*All values, unless specified otherwise, are minimum average per 15,000 pounds unless otherwise specified.
**Film tear bond: A failure of one of the bonded sheets by tearing prior to complete separation in the bonded area.



3. CONSTRUCTION REQUIREMENTS
General.  Construction operations shall be done in such a manner that erosion and air and water pollution are minimized and held within legal limits.  The completed job shall be workman-like and present a good appearance.
Site Preparation. Site preparation (mobilization and demobilization, clearing and grubbing, structure removal, pollution control, and water for construction) shall be in accordance with Construction Specification 587.
Earthwork. Foundation work (diverting surface water, dewatering the construction site, dewatering borrow areas, and foundation preparation) and earthwork (common excavation and earthfill) shall be in accordance with Construction Specification 587.  Prior to compacting the subgrade, all visible roots, rocks, and unsuitable material shall be removed.
The area to receive the flexible membrane shall be compacted to provide a dry, firm unyielding subgrade.  All banks and fills within the area to be lined must be shaped to the slopes and elevations as shown in the construction drawings. 
The supporting surface slopes and foundation to accept the membrane shall be stable and free from deviations of more than 3 inches. Subgrade compaction must be sufficient to maintain a stable foundation for the liner for the expected life of the practice.
The foundation area for flexible membranes shall be very smooth and free of foreign and organic material, rocks larger than ⅜ inch, angular rocks, sharp objects, or any other projections that might damage the lining.  Coverage by equipment tracks or roller shall provide a smooth surface prior to liner installation.  Surface deformations shall not exceed 1 inch.
If the design requires a soil sterilant, it shall be applied to the subgrade at the rate recommended by the manufacturer. 
Membrane Placement. Installation shall be conducted in a safe manner and in such a way that erosion and air and water pollution are minimized.
The flexible membrane shall be carefully spread in a relaxed condition over the prepared subgrade.  Sheets may be pulled out smooth, but all liners shall be installed in a relaxed state. 
The liner shall be installed in accordance with the manufacturer's recommendations. 
Anchor trenches 9 inches wide and 12 inches deep shall be used to anchor the sides of the membrane.  These trenches shall be located along the berm on both sides of the ditch.  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 membrane shall conform to the trench shape and shall extend a minimum of 8 inches up the side of the anchor trench opposite the canal.  The trenches shall be carefully backfilled and compacted after the membrane is in place.
Sections of liner shall be either anchored or welded together as per manufacturer’s specifications. For anchoring, the upstream end of each section of lining shall be anchored. This shall be accomplished by a trench dug across the ditch or canal or other anchoring methods as recommended by the manufacturer and approved by the Engineer and as shown on the drawings.  This trench shall be about 9 inches wide and 12 inches deep and shall connect with the two side anchor trenches.  The upstream end of the membrane section shall lap down a minimum of 12 inches into this transverse trench.  After the membrane is in place, the trench shall be carefully backfilled with selected material and compacted.
Anchoring may be required at the downstream end of membrane sections.  If no anchoring is required, 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. 

The following shall apply unless a certified installer directs otherwise:
· NRCS must inspect and approve the subgrade prior to the placement of the liner. 
· The liner shall not be placed during precipitation or in the presence of excessive winds, or in temperatures less than 50 °F or more than 100 °F.
· The liner shall be installed with a minimum of handling by using a spreader bar assembly attached to a front-end loader, track-hoe bucket, or any other methods recommended by the liner manufacturer.  
· The liner shall be carefully spread over the subgrade so that it lies in a relaxed state, conforming to the surface without stretching.  Any wrinkles shall be smoothed out.
· The liner shall be secured by the end of each workday.
· Construction equipment shall not be allowed to operate directly on the liner.
· Any opening in the liner through which a pipe or other fixture protrudes shall be sealed in accordance with the manufacturer’s recommendation.

Repairs. All tears, punctures, and material defects in the liner shall be repaired as specified by liner manufacturer. Surfaces of the liner to be patched shall be cleaned before the repair.  All patches shall be of the same liner material and extend a minimum of 6 inches beyond the edges of the defect area.  All patches shall have rounded corners and shall be seamed to the liner. 
Mechanical Attachments. The liner shall be mechanically attached to pipe, concrete, or steel structures as shown in the drawings and according to the liner manufacturer's specification.
Pipe boots shall be fabricated in the field from the same liner as that shown in the drawings.  HDPE boots shall be welded and clamped to polyethylene pipe.  Pipe boots shall be clamped to other types of pipe as shown in the drawing or as recommended by the manufacturer to provide a leak-free attachment.
4. CERTIFICATION
Upon completion of liner installation, the contractor shall provide documentation to the owner certifying the liner meets or exceeds the material specifications and that it was installed in accordance with the manufacturer’s recommendations.
5. MEASUREMENT
The quantity of liner shall be measured to the nearest foot along the installed ditch centerline.  
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6. ITEMS OF WORK AND CONSTRUCTION DETAILS
Items of work to be prepared in conformance with this specification and the construction details are:
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