Material Specification 
MS-AZ-594	Flexible Membrane Liner

1 Scope
This specification covers the quality of High Density Polyethylene (HDPE), Linear Low Density Polyethylene (LLDPE), Reinforced Linear Low Density Polyethylene (LLDPE-R), Ethylene Propylene Diene Monomer (EPDM), Poly Vinyl Chloride (PVC), unreinforced and reinforced Flexible Polypropylene (fPP and fPP-R) and Reinforced Slit –Film Woven Polyethylene Geomembrane (PE-R) flexible liner, seams, gaskets, metal battens, bolts, embed channels, clamps, and sealant commonly used in ponds, ditches and canals. The liners shall not be used in ponds or storage piles for hazardous waste or livestock manure unless certified by the manufacturer for the use intended.

2	Material
Liner—The liner shall have a nominal thickness as specified. The liner shall be manufactured to be suitable for use in the specified exposed or buried conditions. It shall conform to the requirements of Construction Specification 97, Flexible Membrane Liner and the requirements shown on the drawings.

Gaskets, metal battens, clamps, bolts, embed channels, welding rod, adhesive, and sealant—Gasket material shall be neoprene, closed-cell medium, 0.25 inch thick, with adhesive on one side, or other gasket material as approved by the liner manufacturer. Metal battens shall be 0.25-inch-thick by 2-inch-wide stainless steel. Clamps shall be 0.5-inch-wide stainless steel. Bolts shall be stainless steel. The embed channel and welding rod shall have the same properties as the liner. Adhesive shall be approved by the manufacturer and shall consist of material with a life expectancy similar to the liner material. Sealant shall be as recommended by the manufacturer. Silicone sealant shall not be used with PVC liner materials.

Seams—Seam overlaps shall be shingled in the direction of flow.

Vents and pipe boots—Vents and pipe boots shall be made of the same material as the liner.

3	Liner properties
The liner shall be uniform in color, thickness, and surface texture. The liner shall be resistant to fungal or bacterial attack and free of cuts, abrasions, holes, blisters, contaminants, and other imperfections. 

HDPE—The HDPE liner shall be manufactured from virgin polymer material and shall meet the property values specified in Table 594-1 for smooth HDPE and Table 594-2 for textured HDPE. Tables 594-1 and 594-2 are reproduced from Tables 1(a) and 2(a) respectively of the Geosynthetic Research Institute (GRI) Standard Specification GM13. 

LLDPE—The LLDPE liner shall be manufactured from virgin polymer material and shall meet the property values specified in Table 594-3 for smooth LLDPE and Table 594-4 for textured LLDPE. Tables 594-3 and 594-4 are modified versions of Tables 1(a) and 2(a) respectively of GRI Standard Specification GM17 modified to only include thicknesses that meet the minimum thickness requirements of NRCS Practice Standard 521A.

LLDPE-R—The LLDPE-R liner shall meet the property values specified in Table 594-5, which is reproduced from Table 1 of GRI Standard Specification GM25. 

EPDM—The EPDM liner shall be formulated from virgin compounding materials and shall meet the property values specified in Table 594-6 for non-reinforced EPDM and Table 594-7 for reinforced EPDM. Tables 594-6 and 594-7 are reproduced from Table 1(b) and Table 2(b) respectively of GRI Standard Specification GM21.

PVC—The PVC liner shall be manufactured from virgin polymers and other compounding materials and meet the property values specified in ASTM Standard Specification D7176. Selected property values from ASTM D7176 Tables 1 and 2 are reproduced in Table 594-8. Recycled materials shall not be allowed.

The PVC compound shall consist of 50- to 70-percent PVC resin, by weight. Liquid plasticizers shall be mixed until completely absorbed by the resin powder. Other additives shall be thoroughly mixed into the resin.

fPP and fPP-R—The fPP liner shall be manufactured from virgin polymer material and shall meet the property values specified in Table 594-9, which is reproduced from Table 1(a) of GRI Specification GM18. 

A reinforced FPP liner shall consist of one ply of reinforcing polyester (scrim) between two sheets of fPP. The polyester scrim shall be of an open weave that permits strike-through of the fPP.

PE-R—PE-R liners shall meet the same property requirements as specified for LLDPE-R liner.
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Table 594-1- GRI GM 13-Table 1(a) – High Density Polyethylene (HDPE) Geomembrane –Smooth 


	Properties
	Test
Method
	Test Value
	Testing Frequency
(minimum)

	
	
	30 mils
	40 mils
	50 mils
	60 mils
	80 mils
	100 mils
	120 mils
	

	Thickness (min. ave.)
	D5199
	nom.
	Nom.
	Nom.
	Nom.
	Nom.
	Nom.
	Nom.
	Per roll

	    lowest individual of 10 values
	
	-10%
	-10%
	-10%
	-10%
	-10%
	-10%
	-10%
	

	Density mg/l (min.)
	D 1505/
D 792
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	200,000 lb

	Tensile Properties (1) (min. ave.)
    yield strength
    break strength
    yield elongation
    break elongation
	D 6693
Type IV
	
63 lb/in.
114 lb/in.
12%
700%
	
84 lb/in.
152 lb/in.
12%
700%
	
105 lb/in.
190 lb/in.
12%
700%
	
126 lb/in.
228 lb/in.
12%
700%
	
168 lb/in.
304 lb/in.
12%
700%
	
210 lb/in.
380 lb/in.
12%
700%
	
252 lb/in.
456 lb/in.
12%
700%
	

20,000 lb

	Tear Resistance (min. ave.)
	D 1004
	21 lb
	28 lb
	35 lb
	42 lb
	56 lb
	70 lb
	84 lb
	45,000 lb

	Puncture Resistance  (min. ave.)
	D 4833
	54 lb
	72 lb
	90 lb
	108 lb
	144 lb
	180 lb
	216 lb
	45,000 lb

	Stress Crack Resistance (2)
	D5397
(App.)
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	per GRI-GM10

	Carbon Black Content (range)
	D 4218 (3)
	2.0-3.0%
	2.0-3.0%
	2.0-3.0%
	2.0-3.0%
	2.0-3.0%
	2.0-3.0%
	2.0-3.0%
	20,000 lb

	Carbon Black Dispersion
	D 5596
	note (4)
	note (4)
	note (4)
	note (4)
	note (4)
	note (4)
	note (4)
	45,000 lb

	Oxidative Induction Time (OIT) (min. ave.) (5)
(a)	Standard OIT
— or —
(b)   High Pressure OIT
	
D 3895

D 5885
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
200,000 lb

	Oven Aging at 85°C (5), (6)
(a) Standard OIT (min. ave.) - % retained after 90 days
— or —
(b) High Pressure OIT (min. ave.) - % retained after 90 days
	D 5721
D 3895

D 5885
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
per each formulation

	UV Resistance (7)
(a) Standard OIT (min. ave.)
— or —
(b) High Pressure OIT (min. ave.) - % retained after 1600 hrs (9)
	GM 11
D 3895

D 5885
	
N.R. (8)

50%
	
N.R. (8)

50%
	
N.R. (8)

50%
	
N.R. (8)

50%
	
N.R. (8)

50%
	
N.R. (8)

50%
	
N.R. (8)

50%
	
per each formulation




(1)	Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction.
Yield elongation is calculated using a gage length of 1.3 inches
Break elongation is calculated using a gage length of 2.0 in.
(2)	The yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer’s mean value via MQC testing.
(3)	Other methods such as D 1603 (tube furnace) or D 6370 (TGA) are acceptable if an appropriate correlation to D 4218 (muffle furnace) can be established.
(4)	Carbon black dispersion (only near spherical agglomerates) for 10 different views: 
	9 in Categories 1 or 2 and 1 in Category 3
(5)	The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(6)	It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(7)	The condition of the test should be 20 hr. UV cycle at 75oC followed by 4 hr. condensation at 60oC.
(8)	Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.
(9)	UV resistance is based on percent retained value regardless of the original HP-OIT value.


Table 594-2 - GRI GM 13-Table 2(a) – High Density Polyethylene (HDPE) Geomembrane – Textured
	Properties
	
Test Method
	Test Value
	Testing
Frequency
(minimum)

	
	
	30 mils
	40 mils
	50 mils
	60 mils
	80 mils
	100 mils
	120 mils
	

	Thickness mils (min. ave.)
 	lowest individual for 8 out of 10 values
 	lowest individual for any of the 10 values
	
D 5994
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	
Per  roll

	
Asperity Height mils (min. ave.) (1)
	
D 7466
	
10 mil
	
10 mil
	
10 mil
	
10 mil
	
10 mil
	
10 mil
	
10 mil
	every 2nd roll (2)

	Density (min. ave.)
	D 1505/
D 792
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	0.940 g/cc
	200,000 lb

	Tensile Properties (min. ave.) (3)
    yield strength
    break strength
    yield elongation
    break elongation
	
D 6693
Type IV
	
63 lb/in.
45 lb/in.
12%
100%
	
84 lb/in.
60 lb/in.
12%
100%
	
105 lb/in.
75 lb/in.
12%
100%
	
126 lb/in.
90 lb/in.
12%
100%
	
168 lb/in.
120 lb/in.
12%
100%
	
210 lb/in.
150 lb/in.
12%
100%
	
252 lb/in.
180 lb/in.
12%
100%
	

20,000 lb

	Tear Resistance (min. ave.)
	D 1004
	21 lb
	28 lb
	35 lb
	42 lb
	56 lb
	70 lb
	84 lb
	45,000 lb

	Puncture Resistance (min. ave.)
	D 4833
	45 lb
	60 lb
	75 lb
	90 lb
	120 lb
	150 lb
	180 lb
	45,000 lb

	Stress Crack Resistance (4)
	D 5397
(App.)
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	300 hr.
	per GRI GM10

	Carbon Black Content (range)
	D 4218 (5)
	2.0-3.0 %
	2.0-3.0 %
	2.0-3.0 %
	2.0-3.0 %
	2.0-3.0 %
	2.0-3.0 %
	2.0-3.0 %
	20,000 lb

	Carbon Black Dispersion
	D 5596
	note (6)
	note (6)
	note (6)
	note (6)
	note (6)
	note (6)
	note (6)
	45,000 lb

	Oxidative Induction Time (OIT) (min. ave.) (7)
(a) Standard OIT
— or —
(b) High Pressure OIT
	
D 3895

D 5885
	100 min.


400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	
100 min.

400 min.
	200,000 lb

	Oven Aging at 85°C (7), (8)
(a) Standard OIT (min. ave.) - % retained after 90 days
— or 
(b) High Pressure OIT (min. ave.) - % retained after 90 days
	D 5721
D 3895

D 5885
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
55%

80%
	
per each formulation

	UV Resistance (9)
(a) Standard OIT (min. ave.)
— or —
(b) High Pressure OIT (min. ave.) - % retained after 1600 hrs (11)
	GM11
D 3895
D 5885
	
N.R. (10)

50%
	
N.R. (10)

50%
	
N.R. (10)

50%
	
N.R. (10)

50%
	
N.R. (10)

50%
	
N.R. (10)

50%
	
N.R. (10)

50%
	
per each formulation


(1)    Of 10 readings; 8 out of 10 must be  7 mils, and lowest individual reading must be  5 mils; also see Note 6.
(2)    Alternate the measurement side for double sided textured sheet
(3)    Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction.
Yield elongation is calculated using a gage length of 1.3 inches
Break elongation is calculated using a gage length of 2.0 inches
(4)    The SP-NCTL test is not appropriate for testing geomembranes with textured or irregular rough surfaces. Test should be conducted on smooth edges of textured rolls or on smooth sheets made from the same formulation as being used for the textured sheet materials.
The yield stress used to calculate the applied load for the SP-NCTL test should be the manufacturer’s mean value via MQC testing.
(5)   Other methods such as D 1603 (tube furnace) or D 6370 (TGA) are acceptable if an appropriate correlation to D 4218 (muffle furnace) can be established. 
(6)    Carbon black dispersion (only near spherical agglomerates) for 10 different views:
9 in Categories 1 or 2 and 1 in Category 3
(7)    The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane. 
(8)    It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(9)    The condition of the test should be 20 hr. UV cycle at 75oC followed by 4 hr. condensation at 60oC. 
(10)  Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples. 
(11)  UV resistance is based on percent retained value regardless of the original HP-OIT value.

Table 594-3 - GRI GM17- Table 1(a) – Linear Low Density Polyethylene (LLDPE) Geomembrane (Smooth) - Modified
USDA-NRCS-Arizona		Page 6 of 11				April 2013


	
Properties
	Test
Method
	Test Value
Method
	Testing Frequency
(minimum)

	
	
	30 mils
	40 mils
	50 mils
	60 mils
	80 mils
	100 mils
	120 mils
	

	Thickness - mils (min. ave.)
	D5199
	nom.
	nom.
	nom.
	nom.
	nom.
	nom.
	nom.
	per roll

	    lowest individual of 10 values
	
	-10%
	-10%
	-10%
	-10%
	-10%
	-10%
	-10%
	

	Density g/ml (max.)
	D 1505/D 792
	0.939
	0.939
	0.939
	0.939
	0.939
	0.939
	0.939
	200,00 lb

	Tensile Properties (1) (min. ave.)
    break strength - lb/in.
    break elongation - %
	D 6693
Type IV
	
114
800
	
152
800
	
190
800
	
228
800
	
304
800
	
380
800
	
456
800
	
20,000 lb

	2% Modulus – lb/in. (max.)
	D 5323
	1800
	2400
	3000
	3600
	4800
	6000
	7200
	per formulation

	Tear Resistance - lb (min. ave.)
	D 1004
	16
	22
	27
	33
	44
	55
	66
	45,000 lb

	Puncture Resistance - lb (min. ave.)
	D 4833
	42
	56
	70
	84
	112
	140
	168
	45,000 lb

	Axi-Symmetric Break Resistance Strain - % (min.)
	D 5617
	30
	30
	30
	30
	30
	30
	30
	per formulation

	Carbon Black Content - %
	D 4218 (2)
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	45,000 lb

	Carbon Black Dispersion
	D 5596
	note (3)
	note (3)
	note (3)
	note (3)
	note (3)
	note (3)
	note (3)
	45,000 lb

	Oxidative Induction Time (OIT) (4)
(a)	Standard OIT (min. ave.)
— or —
(b)   High Pressure OIT (min. ave.)
	
D 3895

D 5885
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
200,000 lb

	Oven Aging at 85°C (5)
(a) Standard OIT (min. ave.) - % retained after 90 days
— or —
(b) High Pressure OIT (min. ave.) - % retained after 90 days
	D 5721
D 3895

D 5885
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
per formulation

	UV Resistance (6)
(a) Standard OIT (min. ave.)
— or —
(b) High Pressure OIT (min. ave.) -
% retained after 1600 hrs (8)
	
D 3895

D 5885
	
N.R. (7)

35
	
N.R. (7)

35
	
N.R. (7)

35
	
N.R. (7)

35
	
N.R. (7)

35
	
N.R. (7)

35
	
N.R. (7)

35
	
per formulation



(1)	Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction.
· Break elongation is calculated using a gage length of 2.0 in. at 2.0 in./min.
(2)	Other methods such as D 1603 (tube furnace) or D 6370 (TGA) are acceptable if an appropriate correlation to D 4218 (muffle furnace) can be established.
(3)	Carbon black dispersion (only near spherical agglomerates) for 10 different views:
· 9 in Categories 1 or 2 and 1 in Category 3
(4)	The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(5)	It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(6)	The condition of the test should be 20 hr. UV cycle at 75C followed by 4 hr. condensation at 60C.
(7)	Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.
(8)	UV resistance is based on percent retained value regardless of the original HP-OIT value.






Table 594-4 - GRI GM17-Table 2(a) – Linear Low Density Polyethylene (LLDPE) Geomembrane (Textured) - Modified

	Properties
	Test
Method
	Test Value
	Testing
Frequency
(minimum)

	
	
	30 mils
	40 mils
	50 mils
	60 mils
	80 mils
	100 mils
	120 mils
	

	Thickness mils (min. ave.)
· lowest individual for 8 out of 10 values
· lowest individual for any of the 10 values
	D 5994
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	nom. (-5%)
-10%
-15%
	
per roll

	Asperity Height mils (min. ave.) (1)
	D 7466
	10
	10
	10
	10
	10
	10
	10
	Every 2nd roll
(2)

	Density g/ml (max.)
	D 1505/D 792
	0.939
	0.939
	0.939
	0.939
	0.939
	0.939
	0.939
	200,000 lb

	Tensile Properties (3) (min. ave.)
· break strength – lb/in.
· break elongation - %
	D 6693
Type IV
	
45
250
	
60
250
	
75
250
	
90
250
	
120
250
	
150
250
	
180
250
	
20,000 lb

	2% Modulus – lb/in. (max.)
	D 5323
	1800
	2400
	3000
	3600
	4800
	6000
	7200
	per formulation

	Tear Resistance – lb (min. ave.)
	D 1004
	16
	22
	27
	33
	44
	55
	66
	45,000 lb

	Puncture Resistance – lb (min. ave.)
	D 4833
	33
	44
	55
	66
	88
	110
	132
	45,000 lb

	Axi-Symmetric Break Resistance Strain - % (min.)
	D 5617
	30
	30
	30
	30
	30
	30
	30
	per formulation

	Carbon Black Content - %
	D 4218 (4)
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	2.0-3.0
	45,000 lb

	Carbon Black Dispersion
	D 5596
	note (5)
	note (5)
	note (5)
	note (5)
	note (5)
	note (5)
	note (5)
	45,000 lb

	Oxidative Induction Time (OIT) (6)
(e)	Standard OIT (min. ave.)
— or —
(f)	High Pressure OIT (min. ave.)
	
D 3895

D 5885
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
100

400
	
200,000 lb

	Oven Aging at 85°C (7)
(a) Standard OIT (min. ave.) - % retained after 90 days
— or —
(b) High Pressure OIT (min. ave.) - % retained after 90 days
	D 5721
D 3895

D 5885
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
35

60
	
per formulation

	UV Resistance (8)
(a) Standard OIT (min. ave.)
— or —
(b) High Pressure OIT (min. ave.) -
% retained after 1600 hrs (10)
	
D 3895

D 5885
	
N.R. (9)

35
	
N.R. (9)

35
	
N.R. (9)

35
	
N.R. (9)

35
	
N.R. (9)

35
	
N.R. (9)

35
	
N.R. (9)

35
	
per formulation


(1)	Of 10 readings; 8 out of 10 must be  7 mils, and lowest individual reading must be  5 mils; also see Note 9.
(2)	Alternate the measurement side for double sided textured sheet
(3)	Machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens each direction.
  Break elongation is calculated using a gage length of 2.0 in. at 2.0 in./min.
(4)	Other methods such as D 1603 (tube furnace) or D 6370 (TGA) are acceptable if an appropriate correlation to D 4218 (muffle furnace) can be established.
(5)	Carbon black dispersion (only near spherical agglomerates) for 10 different views:
  9 in Categories 1 or 2 and 1 in Category 3
(6)	The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant content in the geomembrane.
(7)	It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(8)	The condition of the test should be 20 hr. UV cycle at 75C followed by 4 hr. condensation at 60C.
(9)	Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.
(10)	UV resistance is based on percent retained value regardless of the original HP-OIT value

	




Table 594-5 -GRI GM25-Table 1 – Specification Values for Scrim Reinforced Linear Low Density Polyethylene (LLDPE-R) Geomembranes

	Property and Units
	ASTM Test
Method
	Category 1 –
Severe
	Category 2 –
Moderate
	Category 3 –
Standard
	Testing Frequency
Minimum

	Thickness
Nominal (mils)
min. ave. (mils)
	D5199
-
-
	
45
40
	
36
32
	
24
20
	
per roll

	Weight
Nominal (lb/1000 ft2)
min. ave. (lb/1000 ft2)
	D5261
-
-
	
210
189
	
168
151
	
112
101
	
per roll

	Grab Tensile
Strength (lb), min. ave. Elongation (%), min. ave.
	D7004
(each direction) (each direction)
	
250
22
	
200
22
	
150
22
	
30,000 lb
30,000 lb

	Tongue Tear (lb), min. ave.
	D5884 (each direction)
	55
	55
	55
	30,000 lb

	Index Puncture (lb), min. ave.
	D4833
	85
	75
	65
	30,000 lb

	Ply Adhesion (lb), min. ave.(1)
	D6636
	20
	20
	20
	30,000 lb

	Oxidative Induction Time (OIT)(2)
(a)	Standard OIT
—or—
(b) High Pressure OIT
	
D3895

D5885
	
100

400
	
formulation

	Oven Aging at 85°C(2)
(a) Standard OIT - % retained after 90 days(3)
—or—
(b) High Pressure OIT - % retained after 90 days(3)
	D5721
D3895

D5885
	
35

60
	
formulation

	UV Resistance(4)(5)
(a) Standard OIT(6)
—or—
(b) High Pressure OIT - % retained after 1600 hours
	D7238
D3895

D5885
	
N/R(5)

35
	
formulation


Notes:
(1) Alternatively, an acceptable ply adhesion is to have a film tearing bond occur within the sheet material.
(2) The manufacturer has the option to select either one of the OIT methods listed to evaluate the antioxidant effectiveness in the geomembrane. (3) It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day response.
(4) UV resistance is based on percent retained value regardless of the original HP-OIT value.
(5) The condition of the test should be 20 hr. UV cycle at 75C followed by 4 hr. condensation at 60C.
(6) Not recommended since the high temperature of the Std-OIT test produces an unrealistic result for some of the antioxidants in the UV exposed samples.
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Table 594-6 - GRI GM21-Table 1(b) – Ethylene Propylene Diene Terpolymer (EPDM) – Nonreinforced


	Property
	Test
Method
	Test
Value
	Testing Frequency
(minimum)

	Thickness, mil (min. ave.)
• lowest individual of 10 values
	D 5199
	45	60
-10%	-10%
	40,000 lb

	Tensile Properties (1)
• break strength, lb/in.2 (min.)
• break elongation, % (min.)
	D 412
	
1200	1200
500	500
	40,000 lb

	Tear Resistance, lb (min.)
	D 1004
	12	15
	50,000 lb

	Puncture Resistance, lb (min.)
	D 4833
	30	40
	50,000 lb

	Multiaxial Tension
• break elongation, % (min.)
	
D5617
	
100	100
	
per formulation(2)

	Brittleness Temperature, deg F (max.)
	D2136
	-49	-49
	per formulation(2)

	Oven Aging at 100oC for 170 hours
• % retained on tensile break strength
• % retained on tensile break elongation
• surface cracking at 7X magnification
	D 5721
D 882
D 882
GM 16
	
90	90
75	75 no cracks
	
per formulation (2)

	UV Resistance
(b) Xenon Arc for 2000 hours at 80oC
• % retained on tensile break strength
• % retained on tensile break
elongation
• surface cracking at 7X magnification
-or-
(b) UVA-Fluorescent after 7500 hours total testing time(3)
• % retained on tensile break strength
• % retained on tensile break elongation
• surface cracking at 7X magnification
	
G 26
D 882
D 882

GM 16

D 7238

D 882
D 882
GM16
	


90	90
75	75

no cracks




90	90
75	75 no cracks
	

per formulation (2)



(1) machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens in each direction
(2) at least once per year or whenever formulation changes.
(3) condition of the test should be 20 hours UV cycle at 75oC followed by 4 hours condensation at 60oC
























Table 594-7 - GRI GM21-Table 2(b) – Ethylene Propylene Diene Terpolymer (EPDM) – Scrim Reinforced


	Property
	Test Method
	Test
Value
	Testing Frequency
(minimum)

	Thickness, mil (min. ave.)
• lowest individual of 10 values
	D 5199
	45	60
-10%	-10%
	40,000 lb

	Tensile Properties (1)
• break strength, lb (min.)
	D 751
	
190	250
	
40,000 lb

	Tear Resistance, lb (2) (min.)
	D 5884
	130	170
	50,000 lb

	Puncture Resistance, lb (min.)
	D 4833
	60	80
	50,000 lb

	Brittleness Temperature, deg F (max.)
	D2136
	-49	-49
	per formulation(3)

	Oven Aging at 100oC for 170 hours
• % retained on tensile break strength
• surface cracking a 7X magnification
	D 5721
D 751
GM 16
	
90	90 no cracks
	
per formulation (3)

	UV Resistance
(b) Xenon Arc for 2000 hours at 80oC
• % retained on tensile break strength
• surface cracking at 7X magnification
-or-
(b) UVA-Fluorescent after 7500 hours total testing time(4)
• % retained on tensile break strength
• surface cracking at 7X magnification
	
G26
G 792
GM 16

D 7238

D 792
GM 16
	


90	90 no cracks




90	90 no cracks
	
per formulation (3)



(1) machine direction (MD) and cross machine direction (XMD) average values should be on the basis of 5 test specimens in each direction
(2) the strength refers to prior fiber pullout
(3) at least once per year whenever formulation changes
(4) condition of the test should be 20 hours UV cycle at 75oC followed by 4 hours condensation at 60oC.
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Table 594-8-Selected property values for PVC Geomembranes reproduced from ASTM D7176 Tables 1 and 2

	
Certified Properties of Non Reinforced PVC Geomembranes used in Buried Applications
(Modified Table 1 to include US Units only for liners meeting NRCS thickness criteria)


	Certified Properties
	ASTM
	PVC 30
	PVC 40
	PVC 50
	PVC 60

	Thickness ± 
	D5199
	.030±.0015 in.
	.040±.0020 in.
	.050±.0025 in.
	.060±.0030 in.

	Tensile Properties
	D882
	
	
	
	

	Strength at Break 
	Min.
	73 lb/in.
	97 lb/in.
	116 lb/in.
	137 lb/in.

	Elongation
	Min.
	380%
	430%
	430%
	450%

	Modulus at 100%
	Min.
	30 lb/in.
	40 lb/in.
	50 lb/in.
	60 lb/in.

	Tear Strength
	D1004
Min.
	8 lb
	10 lb
	13 lb
	15 lb

	Dimensional Stability 
	D1204
Max. Change
	3%
	3%
	3%
	3%

	Low Temperature Impact
	D1790
Pass
	-20º F
	-20º F
	-20º F
	-20º F

	
Index Properties of Non Reinforced PVC Geomembranes used in Buried Applications
(Modified Table 2 to include US Units only for liners meeting NRCS thickness criteria )


	Index Properties
	ASTM
	PVC 30
	PVC 40
	PVC 50
	PVC 60

	Specific Gravity
	D792 (Min. )
	1.2
	1.2
	1.2
	1.2

	Water Extraction
	D1293
Max. Loss
	0.15%
	0.20%
	0.20%
	0.20%

	Volatile Loss
	D1203
Max. Change
	0.70%
	0.50%
	0.50%
	0.50%

	Soil Burial
	G160
Max. Change
	
	
	
	

	Break Strength
	
	5%
	5%
	5%
	5%

	Elongation
	
	20%
	20%
	20%
	20%

	Modulus at 100%
	
	20%
	20%
	20%
	20%

	Hydrostatic Resistance
	D751 Min.
	100 psi
	120 psi
	150 psi
	180 psi

	Min. Average Molecular Weight
	
	400
	400
	400
	400







Table 594-9 - GRI GM18-Table 1(a) – Flexible Polypropylene Nonreinforced (fPP) and Reinforced (fPP-R) Geomembranes

	Property
	Test Method
ASTM or GRI
	fPP
30 mils
	fPP
40 mils
	fPP
60 mil
	fPP-R
36 mils
	fPP-R
45 mils
	fPP-R
60 mil
	Testing
Frequency
(minimum)

	Mass per Unit Area – lb/ft2 (min. ave.)
	D5261
	0.12
	0.16
	0.20
	0.15
	0.18
	0.24
	15,000 lb

	Thickness – mils (min. ave.)
	lowest individual specimen – mils, nominal – 10%
	D5199
	30
27
	40
36
	60
54
	36
32
	45
40
	60
54
	per roll

	Tensile Strength
	dumbbell(1) – lb/in. (min. ave.)
	grab(1) – lb (min. ave.)
	
D6693-IV D7004
	
60
-
	
72
-
	
96
-
	
-
200
	
-
250
	
-
300
	
15,000 lb
15,000 lb

	Tensile Elongation
	dumbbell(1,2) - % (min. ave.)
	grab(1) - % (min. ave.)
	
D6693-IV D751-A
	
700
-
	
700
-
	
700
-
	
-
22
	
-
22
	
-
22
	
15,000 lb
15,000 lb

	Multiaxial Elongation - %
	D5617
	120
	120
	120
	-
	-
	-
	formulation

	Tear Resistance
	nonreinforced(1) – lb (min. ave.)
	reinforced(1) – lb (min. ave.)
	
D1004
D5884
	
10
-
	
12
-
	
18
-
	
-
55
	
-
55
	
-
55
	
15,000 lb
15,000 lb

	Puncture Resistance – lb (min. ave.)
	D4833
	25
	30
	40
	75
	85
	100
	15,000 lb

	Ply Adhesion – lb (min. ave.)
	D6636
	-
	-
	-
	15
	15
	15
	15,00 lb

	Low Temperature Flexibility - F
	D2136(3)
	-40
	-40
	-40
	-40
	-40
	-40
	formulation

	Carbon Black Content(4) - %
	D4218
	2-3
	2-3
	2-3
	2-3
	2-3
	2-3
	45,000 lb

	Ultraviolet Light Resistance(5,6)
(a)  % strength retained after 20,000 light hrs.
- or -
(b)  % elongation retained after 20,000 light hrs.
- and -
(c)  Surface Cracking Observation after 20,000 light hrs.
(d)  Surface Chalking (or Powdering) after 20,000 light hrs.
	D7238 @ 70°C
D6693-IV
D6693-IV GM16
GM23
	
 50
 50 none
minor
	
 50
 50 none
minor
	
per formulation


(1)  Test methods modified to 20 in./min. for unreinforced and 12 in./min. for reinforced
(2)  Calculation based on a 2.0 in. gage length
(3)  Using 1/8 in. mandrel for 4-hours.
(4)  Applicable only to black geomembranes.  Also D1603 is an acceptable method to determine carbon black content.
(5)  The conditions of the UV Fluorescent exposure method should be 20 hr. UV cycle at 75C followed by 4 hr. condensation at 60C. (6)  See Section 5.2 for fPP-R geomembranes.









