SECTION 31 25 13.02 [02376]
FLEXIBLE CHANNEL LINING

	This guide specification has been prepared by Propex Inc. to assist design professionals in the preparation of a specification section covering RECPs as a liner for newly constructed and rehabilitated stormwater channels intended to be seeded and vegetated.  It may be used as the basis for developing either a project specification or an office master specification. Since it has been prepared according to the principles established in the Manual of Practice published by The Construction Specifications Institute (CSI) including the use of section numbers and titles from the 2004 Edition of MasterFormat, this guide specification may be used in conjunction with most commercially available master specifications sections with minor editing.

The following should be noted in using this guide specification:

•Optional text requiring a selection by the user is enclosed within brackets, e.g.:  “Section [01 33 00] [_____].”

•Items requiring user input are enclosed within brackets, e.g.:  “Section [_____ - _______].”

•Optional paragraphs are separated by an “OR” statement, e.g.:

**** OR ****

This guide specification is available in both hard copy and a variety of electronic formats to suit most popular word processing programs and operating platforms.  Please contact Propex Inc. at (800) 621-1273 for additional copies or for information on available electronic formats.

The information, including technical and engineering data, figures, tables, designs, drawings, details, suggested procedures, and suggested specifications, presented in this publication are for general information only.  The information contained herein is subject to change without notice.  While every effort has been made to ensure its accuracy, this information should not be used or relied upon for any specific application without independent professional examination and verification of its accuracy, suitability and applicability.  The user shall be solely responsible for the selection, use, efficiency, and suitability of the information and anyone making use of the information does so at his own risk and assumes any and all liability resulting from such use.  The information is provided on an “as is” basis and Propex Inc. disclaims any and all express or implied warranties of merchantability, fitness for any general or particular purpose or freedom from infringement of any patent, trademark, copyright, or proprietary right in regard to information or products contained or referred to herein.  Nothing herein contained shall be construed as granting a license, express or implied under any patent, trademark, or copyright.  In no event shall Propex Inc. be liable to user for any indirect, special, consequential or incidental damages arising out of the use, the results of use or inability to use the information.


1 GENERAL

1.1 SECTION INCLUDES

A. Erosion control material as a flexible liner for newly constructed and rehabilitated stormwater channels to be seeded and vegetated.

1.2 RELATED SECTIONS

	Edit the following paragraphs to coordinate with other sections of the Project Manual.


A. Section [31 20 00 – Earth Moving] [_____ - _______].

B. Section [32 90 00 - Planting] [_____ - _______].

1.3 UNIT PRICES

	Include the following article only for unit price contracts or lump sum contract with unit price adjustments. Delete for lump sum contracts.


A. Method of Measurement: By the square meter (or square yard - as indicated in contract documents) including seams, overlaps, anchor trenches, and wastage.

B. Basis of Payment: By the square meter (or square yard - as indicated in contract documents) installed.

1.4 REFERENCES

	The following article assumes that the date of each reference standard will be the latest edition as of the date of the project specification. This provision must be defined in Division 1; coordinate with Division 1 statements.


A. American Society for Testing and Materials (ASTM):

1. D 570 - Standard Test Methods for Water Absorption of Plastics.

2. D 6475 - Standard test Method for Measuring Mass Per Unit Area or Erosion Control Blankets.

3. D 6524 – Standard Test Method for Stiffness of Geosynthetics Used as Turf Reinforcement Mats. 

4. D 6525 - Standard Test Method for Measuring Nominal Thickness of Permanent Erosion Control Products.
5. D 6575 – Test Method for Stiffness of Geosynthetics Used as Turf Reinforcements Mats (TRM’s)
6. D 4354 - Practice for Sampling of Geosynthetics for Testing.

7. D 4355 - Test Method for Deterioration of Geotextiles from Exposure to Ultraviolet Light and Water (Xenon-Arc Type Apparatus).

8. D 4439 - Terminology for Geotextiles.

9. D 6818 - Test Method for Ultimate Tensile Properties of Turf Reinforcement Mats.
10. D 4632 - Test Method for Grab Breaking Load and Elongation of Geotextiles.

11. D 4759 - Practice for Determining the Specification Conformance of Geosynthetics.

12. D 4873 - Guide for Identification, Storage, and Handling of Geotextiles.

13. D 6566 - Test Method for Measuring Mass Per Unit Area of Turf Reinforcement Mats.
B. Geosynthetic Accreditation Institute - Laboratory Accreditation Program (GAI-LAP).

C. International Standards Organization (ISO) 9001:2000 - Quality System Certification.

1.5 DEFINITIONS

A. Minimum Average Roll Value (MARV):  Property value calculated as typical minus two standard deviations.  Statistically, it yields a 97.7 percent degree of confidence that any sample taken during quality assurance testing will exceed value reported.

B. Typical Roll Value:  Property value calculated from average or mean obtained from test data.

C. Rolled Erosion Control Product (RECP) – A temporary degradable or long-term non-degradable material manufactured or fabricated into rolls designed to reduce soil erosion and assist in the growth, establishment and protection of vegetation.

D. Turf Reinforcement Mat (TRM) – A long-term, non-degradable RECP composed of UV-stabilized, non-degradable, synthetic fibers, nettings and/or filaments processed into three-dimensional reinforcement matrices designed for permanent and critical hydraulic applications where design discharges exert velocities and shear stresses that exceed the limits of mature natural vegetation.  TRMs provide sufficient thickness, strength and void space to permit soil filling and/or retention and the development of vegetation within the matrix.

E. Erosion Control Blanket (ECB) – A temporary, degradable RECP composed of processed natural or synthetic fibers mechanically, structurally or chemically bound together to form a continuous matrix.

1.6 SUBMITTALS

	Edit the following to coordinate with Division 1.


A. Submit under provisions of Section [01 33 00] [_____]:

1. Certification: 

a) The Contractor shall provide the Engineer a certificate stating the name of the RECP manufacturer, product name, style, chemical compositions of filaments or yarns and other pertinent information to fully describe the geotextile.

b) The Manufacturer is responsible for establishing and maintaining a quality control program to assure compliance with the requirements of the specification.  Documentation describing the quality control program shall be made available upon request.

c) The manufacturer’s certificate shall state that the furnished RECP meets MARV requirements of the specification as evaluated under the manufacturer’s quality control program.  The certificate shall be attested to by a person having legal authority to bind the Manufacturer.

2. Manufacturing Quality Control (MQC) test results shall be provided upon request.

3. Independent Performance Test Results shall be provided upon request.

1.7 DELIVERY, STORAGE, AND HANDLING

A. RECP labeling, shipment and storage shall follow ASTM D 4873.

B. Product labels shall clearly show the manufacturer or supplier name, style name, and roll number.

C. Each shipping document shall include a notation certifying that the material is in accordance with the manufacturer’s certificate.

D. Each RECP roll shall be wrapped with a material that will protect the geotextile from damage due to shipment, water, sunlight, and contaminants.

E. The protective wrapping shall be maintained during periods of shipment and storage.

F. During storage, RECP rolls shall be elevated off the ground and adequately covered to protect them from the following:  Site construction damage, extended exposure to ultraviolet (UV) radiation, precipitation, chemicals that are strong acids or strong bases, flames, sparks, temperatures in excess of 71 deg C (160 deg F)m and any other environmental condition that might damage the RECP. 

1.8 QUALITY ASSURANCE SAMPLING, TESTING, AND ACCEPTANCE

A. RECP shall be subject to sampling and testing to verify conformance with this specification.  Sampling for testing shall be in accordance with ASTM D 4354.

B. Acceptance shall be in accordance with ASTM D 4759 based on testing of either conformance samples obtained using Procedure A of ASTM D 4354, or based on manufacturer’s certifications and testing of quality control samples obtained using Procedure B of ASTM D 4354.

C. Quality Assurance Sampling and Testing will be waived for ISO 9001:2000 Certified Manufacturing Facilities.  Documentation of ISO 9001:2000 Certification shall be provided upon request.

2 PRODUCTS

2.1 MANUFACTURERS

A. Propex Inc., Chattanooga, Tennessee, 37422 USA, Phone (800) 621-1273. Fax (423) 899-5005
	Edit the following to coordinate with Division 1.


B. Substitutions: Under provisions of Section [01 25 00] [_____].

2.2 MATERIALS

	Include the following for Type I RECP (Landlok( C2) ECB. Use Type I RECP in permanent channels when the maximum velocity and shear stress generated by the peak flow of the design storm are within the protective limits of natural vegetation alone.  Although these limits vary by type of vegetation, soils, etc., the following rule of thumb may be used.  For natural vegetation, the maximum permissible velocity may be assumed to be 1.8 m/sec (6 ft/sec) and the maximum permissible shear stress may be assumed to be 0.08 kPa (1.6 psf) for 0.5 hr duration peak flow. Type I RECP may also be used in temporary channels (design life less than 3 years) where anticipated hydraulic forces are beyond the performance limits of natural vegetation, but less than 0.5 hr duration peak velocity of 4.6 m/sec (15 ft/sec) and peak shear stress of 0.11 kPa (2.25  psf).


A. Type I RECP:

1. Machine fabricated ECB covered on both sides by netting and sewn together on two inch centers with minimum 840 denier, Ultraviolet (UV) stabilized polypropylene thread.

2. Fiber shall be 100 percent mattress grade, coconut fiber, homogeneously blended and distributed evenly throughout the ECB.

3. Netting shall be UV stabilized polypropylene with mesh openings of approximately 0.625 in by 0.625 in.  

4. Index Property Typical Values:

	Property
	Test Method
	Units
	Property Requirement

	Thickness
	ASTM D-6525
	mm

(in)
	7.6
(0.30)

	Tensile Strength
	ASTM D-6818
	kN/m

(lbs/ft)
	2.2 x 2.2
(150 x 150)

	Tensile Elongation
	ASTM D-6818
	percent
	25 




5. Performance Properties: In a vegetated state, the RECP must demonstrate acceptable performance (as defined by the Engineer) when subjected to at least 0.5 hrs of continuos flow producing the following conditions.

a) Permissible velocity:  1.8 m/sec (6 ft/sec)

b) Permissible tractive force (shear stress):  0.08 kPa (1.6 psf)

c) Performance may be demonstrated by:

1) Flume testing at an independent facility under conditions similar to this project provided that the manufacturer can demonstrate that the material tested is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the tested and supplied materials. 

2) A documented case history of successful performance (as defined by the Engineer) at an installation similar to this project where (documented) hydraulic forces met or exceeded the requirements listed above provided that the manufacturer can demonstrate that the case history material is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the case history and supplied materials. 

**** OR ****

	Include the following for Type II RECP (LANDLOK( 450) TRM. Use Type II RECP in permanent channels when the maximum velocity and shear stress generated by the peak flow of the design storm are within the following limits (assuming fully vegetated conditions):  velocity ( 5.5 m/sec (18ft/sec), shear stress ( 0 .479 kPa (10  psf) at 0.5 hr duration and velocity ( 3 m/sec (10 ft/sec), shear stress ( 0.192 kPa (4 psf) at 50 hr duration.  For peak flow durations between those listed, maximum permissible hydraulic forces may be interpolated using engineering judgement.   


B. Type II RECP:

1. Dense web of multi-lobed green polyolefin fibers positioned between two biaxially-oriented nets, mechanically bound by parallel stitching with polyolefin thread. 
2. The mulit-lobed polyolefin fibers shall possess mini-concave surfaces and voids which have the ability to trap seed, soil, sediment and moisture to create an environment that facilitates accelerated germination and thicker long-term vegetation.    

3. Matrix to possess strength and elongation properties to limit stretching and be maintained in water saturated condition. 

4. All components of matrix stabilized against ultraviolet degradation and inert to chemicals normally encountered in natural soil environment.  

5. Minimum Average Roll Values:

	Property
	Test Method
	Units
	Property Requirement

	Thickness
	ASTM D-6525
	mm

(in)
	10.1
(0.40)

	Resiliency
	ASTM D-6524
	percent
	90

	Mass Per Unit Area
	ASTM D-6566
	G/sq m

(oz/sy)
	340

(10.0)

	Tensile Strength
	ASTM D-6818
	kN/m

(lb/ft)
	5.8 x 4.3
(400 x 300)

	Tensile Elongation
	ASTM D-6818
	percent
	50 (max)

	Light Penetration
(% Passing)
	ASTM D-6567
	percent
	20

	UV Resistance
	ASTM D-4355
	percent
	80 at 1000 hrs


6. Performance Properties: In a vegetated state, the RECP must demonstrate acceptable performance (as defined by the Engineer) when subjected to at least 0.5 hrs of continuos flow producing the following conditions.

a) Permissible velocity:  5.5 m/sec (18 ft/sec)

b) Permissible tractive force (shear stress):  0.479 kPa (10 psf)

c) Performance may be demonstrated by:

1) Flume testing at an independent facility under conditions similar to this project provided that the manufacturer can demonstrate that the material tested is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the tested and supplied materials. 

2) A documented case history of successful performance (as defined by the Engineer) at an installation similar to this project where (documented) hydraulic forces met or exceeded the requirements listed above provided that the manufacturer can demonstrate that the case history material is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the case history and supplied materials. 

7. Manufacturing Quality Control: Testing shall be performed at a laboratory accredited by GAI-LAP for tests required for the geosynthetic, at frequency exceeding ASTM D 4354, with following minimum acceptable testing frequency:

	Property
	Test Frequency 

sq m (sq yd)

	Mass Per Unit Area
	1/20,000 (1/24,000)

	Tensile Strength
	1/20,000 (1/24,000)

	Tensile Elongation
	1/20,000 (1/24,000)

	Light Penetration (% Passing)
	1/20,000 (1/24,000)


**** OR ****

	Include the following for Type III RECP (LANDLOK( 300) TRM. Use Type III RECP in permanent channels when the maximum velocity and shear stress generated by the peak flow of the design storm are within the following limits (assuming fully vegetated conditions):  velocity ( 6.1 m/sec (20 ft/sec), shear stress ( 0.574 kPa (12 psf) at 0.5 hr duration and velocity ( 4.3 m/sec (14 ft/sec), shear stress ( 0.240 kPa (5 psf) at 50 hr duration.  For peak flow durations between those listed, maximum permissible hydraulic forces may be interpolated using engineering judgement.   


C. Type III RECP:

1. Three-dimensional, lofty woven polypropylene geosynthetic with cross sectional multi-lobed monofilament specially designed for erosion control applications in vegetated waterways.   

2. Matrix to possess strength and elongation properties to limit stretching and be maintained in water saturated condition.

3. All components of matrix stabilized against ultraviolet degradation and inert to chemicals normally encountered in natural soil environment.  

4. Minimum Average Roll Values:

	Property
	Test Method
	Units
	Property Requirement

	Thickness
	ASTM D-6525
	mm

(in)
	6.35
(0.25)

	Resiliency
	ASTM D-6524
	percent
	70

	Mass Per Unit Area
	ASTM D-6566
	g/sq m

(oz/sy)
	254

(7.5)

	Tensile Strength
	ASTM D-6818
	kN/m

(lb/ft)
	29.2 x 26.3
(2000 x 1800)

	Tensile Elongation
	ASTM D-6818
	percent
	50 (max)

	Light Penetration

(% Passing)
	ASTM D-6567
	percent
	50 (max)

	UV Resistance
	ASTM D-4355
	percent
	90 at 3000 hrs


5. Performance Properties: In a vegetated state, the RECP must demonstrate acceptable performance (as defined by the Engineer) when subjected to at least 0.5 hrs of continuos flow producing the following conditions.

a) Permissible velocity:  6.1 m/sec (20 ft/sec)

b) Permissible tractive force (shear stress):  0.574 kPa (12 psf)

c) Performance may be demonstrated by:

1) Flume testing at an independent facility under conditions similar to this project  provided that the manufacturer can demonstrate that the material tested is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the tested and supplied materials. 

2) A documented case history of successful performance (as defined by the Engineer) at an installation similar to this project where (documented) hydraulic forces met or exceeded the requirements listed above provided that the manufacturer can demonstrate that the case history material is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the case history and supplied materials. 
6. Manufacturing Quality Control: Testing shall be performed at a laboratory accredited by GAI-LAP for tests required for the geosynthetic, at frequency exceeding ASTM D 4354, with following minimum acceptable testing frequency:

	Property
	Test Frequency 

Sq m (sq yd)

	Mass Per Unit Area
	1/5804 (1/6942)

	Tensile Strength
	1/5804 (1/6942)

	Tensile Elongation
	1/5804 (1/6942)

	Light Penetration (% Passing)
	1/5804 (1/6942)


**** OR ****

	Include the following for Type IV RECP (PYRAMAT() TRM. Use Type IV RECP in permanent channels when the maximum velocity and shear stress generated by the peak flow of the design storm are within the following limits (assuming fully vegetated conditions):  velocity ( 7.6 m/sec (25 ft/sec), shear stress ( 0.718 kPa (15 psf) at 0.5 hr duration and velocity ( 4.3 m/sec (14 ft/sec), shear stress ( 0.287 kPa (6 psf) at 50 hr duration.  For peak flow durations between those listed, maximum permissible hydraulic forces may be interpolated using engineering judgement.   


D. Type IV RECP: 

1. Three-dimensional, lofty woven polypropylene geosynthetic specially designed for erosion control applications on steep slopes and vegetated waterways.  

2. Matrix composed of monofilament yarns woven into uniform configuration of resilient pyramid-like projections.  

3. Material is to exhibit very high interlock and reinforcement capacity with both soil and root systems and demonstrate high tensile modulus.

4. Minimum Average Roll Values:

	Property
	Test Method
	Units
	Property Requirement

	Thickness
	ASTM D-6525
	mm

(in)
	10.2

(0.40)

	Resiliency
	ASTM D-6524
	percent
	80

	Mass Per Unit Area
	ASTM D-6566
	G/sq m

(oz/sy)
	457.7

(13.5)

	Tensile Strength 
	ASTM D-6818
	kN/m

(lbs/ft)
	58.4 x 43.8

(4,000 x 3,000)

	Tensile Elongation
	ASTM D-6818
	percent
	40 x 35

	Light Penetration

(% Passing)
	ASTM D-6567
	percent
	15 (max)

	UV Resistance
	ASTM D-4355
	percent
	90 at 6000 hrs

85 at 10000 hrs


5. Performance Properties: In a vegetated state, the RECP must demonstrate acceptable performance (as defined by the Engineer) when subjected to at least 0.5 hrs of continuos flow producing the following conditions.

a) Permissible velocity:  7.6 m/sec (25 ft/sec)

b) Permissible tractive force (shear stress):  0.718 kPa (15 psf)

c) Performance may be demonstrated by:

1) Flume testing at an independent facility under conditions similar to this project provided that the manufacturer can demonstrate that the material tested is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the tested and supplied materials. 

2) A documented case history of successful performance (as defined by the Engineer) at an installation similar to this project where (documented) hydraulic forces met or exceeded the requirements listed above provided that the manufacturer can demonstrate that the case history material is functionally equivalent to the material being supplied.  This may be demonstrated by providing index property test results (listed in 2.2.A.4) from a GAI-LAP accredited laboratory for both the case history and supplied materials. 

6. Manufacturing Quality Control: Testing shall be performed at a laboratory accredited by GAI-LAP for tests required for the geosynthetic, at frequency exceeding ASTM D 4354, with following minimum acceptable testing frequency:

	Property
	Test Frequency 

sq m (sq yd)

	Mass Per Unit Area
	1/8884 (1/10625)

	Tensile Strength
	1/8884 (1/10625)

	Tensile Elongation
	1/8884 (1/10625)

	Light Penetration

(% Passing)
	1/8884 (1/10625)


2.3 ACCESSORIES

A. Ground Anchoring Devices:

1. Length: 200 to 450 mm (8 to 18 inches); sufficient ground penetration to resist pullout. Use longer anchors for loose soils.

2. [U-shaped wire staples ****OR**** metal pins.]  

a) Wire staples: Minimum 8 gauge.  

b) Metal pins: [Steel ****OR**** stainless steel], minimum 5 mm (0.20 in) in diameter with 40 mm (1.5 in) steel washer.  

3 EXECUTION

3.1 PREPARATION

A. Grade and compact areas to be treated with RECP and compacted as indicated or as directed by Engineer.  

B. Remove large rocks, soil clods, vegetation, and other sharp objects that could keep RECP from intimate contact with subgrade.

C. Prepare seedbed by loosening 50 to 75 mm (2 to 3 in) of soil above final grade.  

D. Select and apply soil amendments, fertilizer, and seed  in accordance with Section [32 90 00 - Planting] [_____ - _______] to scarified surface prior to installation of RECP.

E. Construct 150 x 300 mm (6 in x 12 in) anchor trench at upgrade end of installation to inhibit undermining from stray surface water.  Cut longitudinal anchor slots 100 x 100 mm (6 in x 6 in) at top of each side slope.

3.2 INSTALLATION

A. Install RECP at elevation and alignment indicated.

B. Beginning at downstream end in center of channel, place initial end of first roll of RECP in anchor trench and secure with ground anchor devices at 300 mm (12 in) intervals.  

C. Position adjacent rolls in anchor trench in same manner, overlapping preceding roll minimum 75 mm (3 in).

D. Secure RECP at 300 mm (12 in) intervals along the trench, backfill and compact with specified soil or as directed by Engineer.

E. Unroll center strip of RECP upstream over compacted trench.  Stop at next check slot or terminal anchor trench.  Unroll adjacent rolls of RECPs upstream in similar fashion, maintaining 75 mm (3 in) overlap.

F. Fold and secure rolls of RECP snugly into transverse check slots.  Lay material in bottom of slot, then fold back against itself as indicated.  Anchor through both layers of RECP at 300 mm  (12 in) intervals.  Backfill with soil and compact.  Continue unrolling RECP widths upstream over compacted slot to next check slot or terminal anchor trench.

G. Secure RECP to channel bottom with ground anchoring devices at a frequency of 3 anchors per square meter (2 ½ anchors per square yard). Increased anchoring frequency may be required if site conditions are such that the Engineer determines it necessary. 

H. Alternate installation methods must be approved by Engineer prior to execution. 

	Include the following for Type II, III and IV RECPs.


I. Soil fill and seed the RECP:  

1. Spread and lightly rake 12 to 20 mm (0.5 to 0.8 in) of fine topsoil into RECP to completely fill its thickness.

2. When using lightweight power equipment to fill RECP, avoid sharp turns.  Do not drive tracked or heavy equipment over RECP.

3. Smooth out soil by barely exposing top portion of RECP.  Do not place excessive soil above material.

4. Broadcast additional seed or mulch above soil-filled mat and water.

END OF SECTION
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