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FOREWORD

The testing reported herein is based upon accepted industry practice as well as the test method
listed. TRI/Environmental Inc. (TRI) neither accepts responsibility for nor makes claim as to
the final use and purpose of the materials tested.

Tests were performed under laboratory conditions and not under actual usage conditions. TRI
can give no conclusions as to the serviceability, life expectancy or general durability of the
products tested when used in a lining and/or leachate collection system.

ii
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1.0 INTRODUCTION

This report describes the work performed by TRI/Environmental, Inc. (TRI) to determine the
chemical compatibility of one geomembrane and one seamed geomembrane with four
synthetically generated leachates. The objective was to determine the resistance of the
geomembrane to changes caused by exposure to the leachates. Changes in physical and
mechanical properties were measured after exposure to the leachates at 23°C and 50°C for 30,
60, 90 and 120 days. Exposures were performed in accordance with the exposure regimen
specified in United States Eng';ronmental Protection Agency (EPA) Method 9090A.

Methods, results and discussion are provided in the sections which follow. Test results are
provided in the Tables of Results which accompany this report.

2.0 METHODS

2.1 Materials

Table 1 lists products selected for evaluation in this chemical compatibility study..

“ ' Table 1. List of geomembranes evaluated in chemical compatibility study
Geosynthetic Source

80 mil smooth HDPE geomembrane Westinghouse Hanford Co.
80 mil HDPE seamed geomembrane (double track welds) v Westinghouse Hanford Co.
2.2Leachate

The waste leachates were synthetically generated from neat chemicals purchased by TRI.
TRI's analytical staff performed the generation of leachates by adding appropriate amounts of
chemicals to result in the solutions outlined in tables 1 through 4.

Leachates were generated in 100 liter stainless steel containers by successive addition of
chemicals to the specified base. Upon completion of the additions, the containers were
capped and rotated on a drum roller for 2 hours. The drums were then allowed to rest
undisturbed for a period of 6 hours. The resulting supernatant liquid was then transferred
directly into the exposure vessels via leachate transfer pumps.
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Table 2. Organic Solution in Butanol

Compound mg/Kg Percent by Weight
Acetone 40,000 4
Acetonitrile 8,000 0.8
Aliguat 336 8,000 0.8
Benzyl Alcohol 4,000 0.4
(2-chloroethyl) ether 2,000 0.2
2-Butanol Matrix
Carbon Tetrachloride 2,000 0.2
Cyclohexane 500 0.05
Dichlorobenzene 2,000 0.2
Dioctyl Phthalate 2,000 0.2
Ethylene Glycol 8,000 0.8

" 1-Hexanol 8,000 0.8
Methylene Chloride 2,000 0.2
n-Butyl Acetate 5,000 0.5
Napthalene 2,000 0.2
Pentane 2,000 0.2
PCB - Aroclor 1242 Mix 2,000 0.2
Toluene 5,000 0.5
Tributy! Phosphate 2,000 0.2

I Trichloroethane 2,000 0.2

" Trichloroethylene 2,000 0.2

“ 2-Butano! ' 89.35

“ Table 3. Organic Solution in Water

" Compound | mg/Kg Percent by Weight

" EDTA, Disodium Salt 50,000 5

" Phenol 50,000 5

lt Water 14,400 90

-2-
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Table 4. Metals in Nitric Acid Solution

Compound mg/Kg Percent by Weight
Aluminum Nitrate-9-Water 375,000 37.5
Cadium Nitrate-4-Water 30.8125 0.003
Calcium Nitrate4-Water 236,000 23.6
Cupric Nitrate-3-Water 24,000 0.24
Ferric Nitrate-9-Water 80,812.5 8.08
Lanthanum Nitrate-6-Water 4,300 0.43
Mercuric Nitrate-1-Water 34.3125 0.003
Nitric Acid 12,500 1.25
Potassium Permanganate 4,000 0.4
Sodium Molybdate-2-Water 2,400 0.24
Zinc Nitrate-6-Water 29,700 2.97
i Water 28.25
“ Table 5. Alkaline Solution
Compound mg/Kg Percent by Weight
Sodium Arsenate 20 0.002
Sodium Chloride 2,000 0.2
Sodium Dihydrogen 2,000 0.2
Phosphate-1-Water
Potassium Ferrocyanide 50 0.005
| sodium Hydroxide 1875 2875
" Sodium Nitrite 10,000 1
| Sodium Silicate 1,000 0.1
Sodium Sulfide 50 . [00s
Sodium Tetraborate 5,000 0.5
Water 97,613
-3-
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23 Exposure Conditions

Geomembrane and seamed geomembrane specimens were exposed to the leachates following the
specifications of EPA Method 9090A as they relate to exposure to waste fluids. The tanks used
for these exposures were maintained at 23 + 2°C and 50 + 2°C throughout the 120-day exposure
period. Tanks were constructed from chemically resistant glass, fitted with stirrers and heated
with a circulating hot water heat exchanger system. The S0°C tanks were sealed with a lid, and

a reflux condenser was installed to minimize loss of volatile leachate components.

24 Testing Procedures

Table 6 lists tests performed on the HDPE geomembrane and seamed geomembrane.

number of test replicates was doubled for baseline determinations on unexposed material.

Table 6. Tests performed on HDPE geomembrane

PROPERTY T TEST METHOD. ~NO. OF SPECIMENS
Thickness EPA Method 9090 All
Mass EPA Method 9090 All
Dimensions EPA Method 9090 All
{Length & Width)
Hardness ASTM D 2240, Durometer D 2
Volatile Content SW 870, Appendix IHID 2
Extractable Content SW 870, Appendix ILIE 2
Specific Gravity ASTM D792, Method A 3
Tear Resistance (MD & TD) ASTM D 1004 3
Tensile Properties: "ASTM D638, Dumbbell
Strength @ Yield & Beak 3
Strain @ Yield & Break 3
Strength @ 100 & 200% Strain 3
Tensile Set after Break 3
Modulus of Elasticity ASTM D 882 (modified) 3
(2% secant modulus)
(MD & TD)
Hydrostatic Resistance ASTM D751, Method A 3
Procedure 1

Puncture Resistance FTMS 101C, Meth. 2065 3
Seam Tests:

Peel Mode ASTM D413* 3

Shear Mode ASTM D3083* 3

1ed by NSF 54, Appendix A

Where appropriate testing was performed in both the machine and transverse directions.

The
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3.0 Results and Discussion

Test results are presented in the Tables of Results which are included with this report. EPA
Method 9090A is provided as an Appendix.

In considering these results, it must be determined through engineering judgment whether
observed differences in the value of test results measured before and after immersion are due to
product variability, unidentified factors relating to the test procedure, or leachate interaction with
the products. Any significant chemical interaction with leachate would be expected to result in
degradation trends which are consistent across the various properties being evaluated, and not
isolated to one set of test results only. However, with each type of material there may be
specific properties which are highly sensitive to leachate-induced effects. These factors must be
considered in evaluating the various test results for a given product.

Also of critical importance is the issue of product variability. With geomembranes, a range of
pbysical and mechanical index test values covering 15% or more of the average is not
uncommon. This can be traced to variability inherent in the product, and the randomness
associated with the onset of failure under the specified testing conditions. However, in chemical
compatibility testing the statistical sampling of a broad range of manufactured product is not
possible. Therefore, the small size of the sample population tested at each time point must be
taken into consideration. The criteria to be applied in evaluating data measured before and after
leachate immersion should be that property changes, if observed, are consistent and so great that
product variability and experimental factors can be ruled out.

In this report, standard deviations (STD) are reported for most measurements involving three or
more replicate specimens. In statistics, the standard deviation is defined as root of the mean
squared deviations of individual test results about the mean value. The standard deviation is a
quantitative measure of variability within a group of measurements.

One related measure of variability observed within a sample set, relative to the magnitude of the
mean value itself, is the coefficient of variation or variance (COV). The coefficient of variance
is defined as the standard deviation divided by the mean associated with a group of specimens,
and may be expressed as a percentage. The COV provides an indication of what proportion of
the mean value may be attributable to random experimental factors or product variability. Itis
useful to consider apparent changes in property values against the criterion of COV since
observed changes which fall below the COV may not be significant. This approach was used
in preparing the tables in the next sections.

The term range refers to the difference between the extreme highest and lowest points within a
group of measured values. Considering range as a percentage of the mean values provides
another measure of variability within a dataset.

In the tables, the high and low extremes for percentage change in mean values are listed for
comparison against COV and range as a percentage of mean from the baseline sample group.
The high and low percentage changes are the extremes from data measured at 30, 60, 90 and 120
days.
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}
3.1 HDPE Geomembrane Exposed to Organic Solution in Butanol o
' Table 7 illustrates the range of variability in baseline data compared with some of the observed
changes in average test values measured after immersion for the HDPE geomembrane versus
organic solution in butanol.
Table 7. Baseline coefficients of variation and range of percentage change results
for 80 mil HDPE Geomembrane versus Organic Solution in Butanol
Test Baseline Baseline High Low
COV (%) Range as % Observed % Observed %
of Mean Change Change
Stress at yield (MD) 1 3 -2 -12
Stress at break (MD) 10 26 +15 -2
Elongation at yield 8 20 +28 +5
(MD)
Elongation at break 9 23 +15 -15
(MD) )
Modulus (MD) 5 15 +36 -2
Tear strength (MD) 1 1 +18 +7
Puncture Resistance 2 7 +10 -11
Hydrostatic Resistance | 1 3 +5 -7
Seam Peel Adhesion 2 5 -3 | -14
Shear Seam Strength 0 1 -11 -13
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3.2 HDPE Geomembrane Exposed to Organic Solution in Water

Table 8 illustrates the range of variability in baseline data compared with some of the observed
changes in average test values measured after immersion for the HDPE geomembrane versus
organic solution in water. :

Table 8. Baseline coefficients of variation and range of percentage change results for
80 mil HDPE Geomembrane versus Organic Solution in Water

Test Baseline Baseline High Low
COV (%) Range as % Observed % | Observed %

‘of Mean Change Change

Stress at yield (MD) 1 3 +3 -8
Stress at break (MD) 10 26 +18 +1
Elongation at yield 8 20 +13 -8
(MD)

Elongation at break 9 123 +20 -20
(MD)

Modulus (MD) 5 15 +42 -2
Tear strength (MD) 1 1 +18 +12
Puncture Resistance 2 7 +21 -1 .
Hydrostatic resistance | 1 3 +4 -2
Seam Pee] Adhesion 2 5 0 -16
Shear Seam Strength | 0 1 -13 -6
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3.3 HDPE Geomembrane Exposed to Water Based Mixture of Metal Nitrates and Nitric

Acid

Table 9 illustrates the range of variability in baseline data compared with some of the observed
changes in average test values measured after immersion for the HDPE geomembrane versus the
water based mixture of metal nitrates and nitric acid.

Table 9. Baseline coefficients of variation and range of percentage change results for
80 mil HDPE Geomembrane versus Water Based Mixture of Metal Nitrates and

Nitric Acid
Test Baseline Baseline High Low
COV (%) | Range as % Observed % Observed %
of Mean Change Change
Stress at yield (MD) 1 3 +4 -13
Stress at break (MD) 10 26 +19 -1
Elongation at yield 8 20 +8 8
(MD)
Elongation at break 9 23 420 -19
(MD)
Modulus (MD) 5 15 +28 -13
Tear strength (MD) 1 1 +11 +20
Puncture Resistance 2 7 +3 +6
Hydrostatic resistance | 1 3 +4 -3
Seam Peel Adhesion 2 5 -6 -11
Shear Seam Strength | 0 1 -3 -10




WHC-SD-WM-TRP-237, Rev. 0

Final Report: Westinghouse Hanford 9090A Final Repont
Page 9

3.4 HDPE Geomembrane Exposed to Sodium Hydroxide Solution

Table 10 illustrates the range of variability in baseline data compared with some of the observed
changes in average test values measured after immersion for the HDPE geomembrane versus the
sodium hydroxide solution.

Table 10. Baseline coefficients of variation and range of percentage change results
for 80 mil HDPE Geomembrane versus Sodium Hydroxide Solution

Test Baseline Baseline High Low
COV (%) Range as % Observed % | Observed %
of Mean Change Change
—_——————
Stress at yield (MD) 1 3 +2 -8
Stress at break (MD) 10 126 +22 0
Elongation at yield 8 20 +10 -10
(MD)
Elongation at break 9 23 +22 -22
(MD)
Modulus (MD) |5 15 +21 -6
Tear strength (MD) 1 1 +20 +11
Puncture Resistance 2 7 +4 0
Hydrostatic resistance | 1 3 +2 -4
Seam Peel Adhesion 2 5 -2 -10
Shear Seam Strength | 0 1 -6 -11
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4.0 CONCLUSION

Because of random variability inherent in the geomembrane studied, results for most index
mechanical property tests may be expected to vary within the + 10-15% about the mean baseline
values. Certain measurements are subject to greater random variability. These include modulus
of elasticity (because of the visco-elastic properties of HDPE which cause uncertainty in the
determination of the best linear fit), and tensile elongation at break and tensile set after break
(attributed to the element of randomness associated with the initiation of tear upon failure). As
a general rule, individual sample means showing changes within this range after exposure should
not be considered significant, unless there is a pattern or trend which would suggest a time-
dependent degradation process. Any loss of performance attributed to chemical interaction
should be consistent across measurements of several physical and mechanical index properties,
and would be expected to show changes outside the range of expected variability.

In this study, while changes in certain measured physical and mechanical properties were noted
for the geomembrane, the effects of product variability and experimental factors could not be
ruled out as causes. In the opinion of the authors, the data, considered together, do not support
the conclusion that observed changes were consistently and uniformly caused by the test
exposures.

TRI/Environmental, Inc. is pleased to have been selected to participate in this project. We trust
that the information provided in this report meets your requirements for technical documentation
of this chemical compatibility study. Please do not hesitate to call if we may provide any further
information. :

Resp_ccrﬁllly submitted,

—. Al

Sam R. Allen
Program Manager: Geosynthetics Technologies

TRI/Environmental, Inc.

-10-
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APPENDIX A - TEST RESULTS

 This section includes generated test data provided in both tabular and graphical
form. Each graph is represented by a series of "I" beam plots. Each "I" beam
represents a single test population and illustrates the high and low value as the
end points, and the mean as a central box on the beam.

At each testing period, two "I" beams are shown. The left beam represents the
23°C exposed specimens while the right beam represents the §0°C specimens.
The initial 1" beam represents the baseline or unexposed test speclmens Only
machine direction test specimens were plotted.
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EPA METHOD 9090 TEST RESULTS

80 mil NATIONAL SEAL SMOOTH HDPE GEOMEMBRANE
EXPOSED TO ORGANIC SOLUTION IN BUTANOL

A-ii
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol

: Mon
. Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters ) 23C 50C 23C 50C 23C 50C 23C 50C
GEOMEMBRANE: 80 mil SMOOTH HDPE
Tensile Properties:
Tensile Stress @ Yield (psi) 2488 2202 2293 2105 2046 2359 2449 2203 2257
ASTM D838 2439 2241 2232 2221 2174 2396 2319 2286 2272
Machine Direction 2439 2217 2253 22718 | 2238 2350 2393 2333 2244
2478
2418
2418
Average 2445 2240 2259 2202 2153 2388 2407 2304 2258
STD 28 31 25 72 80 20 30 21 "
Coefficient of Varation 1 1 1 3 4 1 1 1 1
% Change 8 -8 -10 -12 3 2 £ -
Tensile Strength @ Break (psi) 4537 4805 5073 4882 4783 4960 5381 4850 3823
ASTM D638 4232 4916 4839 4858 4802 $343 5130 4791 5204
Machine Direction 5185 5080 4928 4188 4333 5174 5375 4880 5268
4282
4148
8341
Average 4622 4960 4980 4522 4842 5158 5285 a3 4825
STD 74 71 [ 238 219 157 117 30 638
Coefficient of Variation 10 1 1 5 5 3 2 1 13
Change 7 8 2 o 12 18 5 T
Tensiie Properties:
Elongation @ Yield (%) 20 22 22 23 28 27 25 22 23
ASTM D638 18 22 22 26 18 22 27 20 22
Machine Direction 2 20 23 =] 9 25 25 21 22
22
20
18
Average 20 21 2 24 25 25 26 21 22
sTD 2 1 0 1 5 2 1 1 0
Coefficient of Variation 8 2 8 0 8 4 2
% Change 7 12 20 25 23 28 5 12
Page 1 of 9

Project: Westinghouse  File: West-L11.WB1 A-1
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Organic Solution in Butanol

MON
Report Date; March 06, 1995 Exposure Time and Temperature Quality Review
}
Baseline 30 Day 60 Day 90 Day 120 Day ~

Test Paramelers 23C 50C 23C 50C 23C 50C 23C 50C
Elongation @ Break (%) 785 818 918 861 810 a33 7684 701 570
ASTM D638 748 901 931 830 866 B8O 756" 682 743
Machine Direction 905 984 919 753 790 768 874 664 756

751

735

824
Average 810 934 823 815 855 827 808 692 690
STD 77 36 [ 4 50 45 49 8 85
Coefficient of Variation ] 4 1 8 6 5 6 1 12
% Change 15 “* 1 6 2 < -14 -15
Set after Break (%) 882 s8s 128 896 698 705 738 611 510
ASTM D638 689 890 712 685 758 745 712 589 835
Machine Direction es8 897 €95 €52 672 70 702 606 617

678

884

748
Average ees5 691 712 678 709 740 718 602 587
STD 19 5 13 19 38 27 16 ] 55
Coefficient of Variation 3 1 2 3 5 4 2 2 8
% Change 1 4 -1 4 8 5 12 14
Stress @ 100% Elongation (psi) 1841 1679 1758 1889 1678 1838 1881 1749 1765
ASTM D638 1841 1735 1745 1724 1698 1808 1890 1776 7 )
Machine Direction 1805 1711 1723 1744 1728 1820 1788 1786 1748 1

1841

1783

1820
Average 1825 1708 1741 1708 1701 1822 1843 1774 1762
STD 19 23 14 38 20 12 42 19 13
Coefficient of Variation 1 1 1 2 1 1 2 1 1
% Change ] 5 £ 7 © 1 3 -3
Page 2 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol

: , MDN
Report Date: March 08, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters . 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 200% Elongation (psi) 1902 1714 1805 1728 1747 1812 1838 1797 1804
ASTM D638 1854 17714 1805 1767 1720 1781 1808 1831 1835
Machine Direction 1817 1735 1747 1813 1808 1774 1820 1830 1808
1866 .
1854
1878
Average ) 1862 1740 1786 1770 1758 1788 1622 1818 1816
STD 26 24 27 34 37 17 12 16 "
, Coefficient of Varniation [ 1 2 2 2 1 1 1 1
i
% Change 7 -4 5 F - 2 2 2
Tensile Properties:
Tensile Stress @ Yield (psi) 2524 2288 2253 2149 2265 2326 2420 2221 2224
ASTM D638 2388 2265 2226 2144 2297 2350 2464 2207 2232
Transverse Direction 2349 220 2268 2094 2225 2381 2440 2225 2180
2313
2439
. 213
Average 2389 2278 2249 2128 2236 2382 2441 2219 2212
§TD 75 13 17 24 21 23 18 9 n
Coefficient of Variation 3 1 1 1 1 1 1 0 1
% Change 5 L) -1 -8 -2 2 -7 -7
Tensile Strength @ Break (psi) 5341 422 4916 4g77 5288 5269 5083 4748 5182
ASTM D838 ) 5205 4675 4679 4905 5458 §252 4972 4600 5181
Transverse Direction 5189 4976 4938 4905 5262 5402 4918 4781 4829
5253
5386
5253
Average 5285 4594 4845 4529 5338 5308 4994 4730 5057
¢ S8 70 354 118 34 87 67 73 79 162
. Coefficiont of Variation 1 8 2 1 2 1 1 2 3
% Change 13 £ 6 1 1 -5 -11 -4
[4
Page 3 of 9
T e ‘A-3
Project: Westinghouse  File: West-L31.WB1




TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol

WHC-SD-WM-TRP-237, Rev. 0

Quality Review

Report Date: March 06, 1985 Exposure Time and Temperature
' Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Tensile Properties:
Elongation @ Yield (%) 20 22 23 25 25 25 23 21 22
ASTM D638 20 22 22 25 25 21 22 22 24
Transverse Direction 22 23 23 25 28 24 21 21 3

20

20

20
Average 20 22 22 25 % 2 22 21 2
STD 1 (] 0 ] 1 2 1 0 1
Coeflicient of Variation 4 2 2 [} [ 7 4 2 4
% Change 10 11 23 28 15 8 5 13
Elongation @ Break (%) 548 78 45 931 875 299 827 704 758
ASTM D638 3} 806 908 910 1008 004 914 6T 751
Transverse Direction €35 044 041 910 1105 ¢15 00 713 716

928

538

$30
Average 932 872 931 917 1029 906 914 €98 742
§TD [ 7 17 10 1] 7 1" 15 19
Coefficient of Variation 1 8 2 1 5 1 1 2 3
% Change 7 -1 2 10 3 3 26 21
Set after Break (%) 724 608 718 98 752 840 720 V] 841
ASTM D638 743 835 723 728 759 810 745 802 a22
Transverse Direction 729 810 732 €58 758 %5 650 82e 604

738

740

31
Average 734 817 724 708 758 815 71 20 822
§TD 7 13 8 14 3 19 37 12 15
Coefficient of Variation 1 2 1 2 ] 2 5 2 2
% Change -16 -1 - 3 11 3 -16 -5
Page 4 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol

ON
Report Date: March 06, 1985 Exposure Time and Temperature Quality Review
f”, Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 100% Elongation (psi) 1854 1707 1735 1678 1723 1748 1866 1710 1732
ASTM D638 1795 1699 1655 1706 1687 1853 1835 1718 1748
Transverse Direction 1807 1732 732 1718 1702 1818 1804 1730 1693

k¥ Al

1828 *

1783
Average 1807 1713 1707 1704 1704 1807 1835 1718 1724
§TD 28 14 37 17 15 “ 25 (] 23
Coefficient of Variation 2 1 2 1 1 2 1 0 1
% Change -5 K - - 0 2 -5 5
Stress @ 200% Elongation (psi) 1902 1732 1711 1724 1747 1714 1866 1749 1786
ASTM D638 1885 1738 1690 1800 1783 1738 1835 1763 1781
Transverse Direction 1831 1744 1742 1788 1738 1779 1803 1780 1738

1795

1866

1843
Average 1849 1737 1714 77 1756 1743 1835 1764 1768
STD 33 5 21 33 18 27 26 13 22
Coefficient of Variation 2 [ ] 2 L] 2 1 1 1
% Change 8 R - -5 ] -1 -5 -
Wodulus of Elasticity:

STM D882 (psi) 17074 17658 15865 20243 24923 16819 16604 16063 16667
Aachine Direction 18042 15187 15903 20583 19481 18051 16802 16441 17160
17673 159414 15985 20194 22508 16534 14748 16747 16985

18448

15838

15205
Average 16380 16282 16881 20333 22304 16468 18051 16417 16937
STD 838 1266 1774 200 2127 388 134 43 250
Coefficient of Variation 5 [ 11 1 12 2 7 2 1
% Change -1 3 24 36 1 -2 [ 3
Page 5 0of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol

MOAN !
Report Date: March 06, 1895 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day }
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C e
Modulus of Elasticity:
ASTM D882 (psi) 15851 15802 15400 21233 21364 17275 16023 16140 16588
Transverse Direction 15098 18088 15678 26037 17744 17640 15514 16511 16675
15218 17324 16289 22132 22363 16756 15507 16286 16885
15247
15180
15402
Average 15348 18398 16789 22134 20490 17224 15881 16312 16649
STD 31 813 455 2554 2430 4k 296 187 3
Coefficient of Variation 2 s 2 1 12 3 2 1 ]
% Change 7 3 59 23 12 2 6 8
indentation Hardness:
Reading 57 [ 58 58 58 56 56 81 55
ASTM D2240 50 58 57 58 58 s8 58 80 58
{with TYPE D DUROMETER) 54 57 57 59 58 59 59 &1 58
50 sp 57 59 55 58 58 60 58
52 58 56 58 57 57 57 61 59
(13
s .
58
58
54
Average 55 58 s7 58 s7 s8 58 61 58
STD 3 1 1 1 1 1 1 1 2
Coefficient of Variation [ 1 2 2 2 1 3
% Change ) 5 4 8 [ [ 5 1 [
Specific Gravity:
ASTM D792, Method A 0.948 0.935 0.529 0944 0942 0838 0.947 0.541 0.946
0.942 0.942 0.936 0.544 0943 0942 0843 0.644 0849
0.637 0.540 0.940 0548 o548 0.540 0543 0.044 0.547
0.045
0.637
0.548
Average 0.943 0939 0.835 D945 0.544 0929 0.944 0543 0547
STD 0.005 0.004 0.008 0.001 0.002 0003 0.002 0.002 0.002
Coefficient of Variation 1 [+ 1 o o 0 0 0 0
% Change 042 -0.85 0.18 0.07 0.39 0.34 0.00 045
Environmentai Stress Crack Resistanca:
ASTM D1693, Condition B .
Machine Direction (% Failed) NA 0 0 0 o 0 o 0 0
Transverse Direction (% Failed) NA 0 0 0 0 0 ° [ 0
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

[

Exposed to Organic Solution in Butanol
MO
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
‘ Baseline 30 Day 60 Day 90 Day 120 Day
’ Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Puncture Resistance:
Load @ Rupture (ibs) 121 118 . 120 "7 112 113 112 132 132
FTMS 101C Method 2065 119 s 120 118 108 116 107 136 130
124 18 120 17 113 115 107 135 133
119
121
127
Average 122 119 120 17 111 115 108 134 132
STD 3 [} 0 ] 2 1 2 2 A |
Coefficient of Variation 2 ° 0 ] 2 1 2 1 1
% Change 3 -2 - -§ -6 -1 10 8
Strain @ Rupture (in) 0.28 0.26 0.43 0.28 0.39 024 023 0.29 0.31
FTMS 101C Method 2065 0.25 0.26 0.42 0.30 0.42 0.28 0.41 028 0.29
0.40 0.26 0.42 .33 0.44 0.27 0.28 0.32 044
0.24 :
0.24
0.40
Average 0.30 026 0.42 0.30 0.42 0.26 0.31 0.30 035
87D 0.07 0.00 0.00 0.02 0.02 0.02 0.08 0:02 0.07
Coefficient of Variation 23 ° 1 7 5 6 25 [ 19
% Change -14 40 1 38 -13 2 -2 15
Yolatiles and Extractables:
\achine Diameter Change (%) 025 010 022 £38 2043 w28 R 057 088
7 W 870 - Appendix Ii1-D 0.25 0.30 037 048 -0.30 -1.45 <113 053 -1.03
% 042
~ 038
Average -8.33 020 0.30 043 0.3 -1.38 -1.15 055 -0.06
§TD 0.08 0.10 0.08 0.05 0.08 0.09 0.02 0.02 0.08
Volatiles and Extractables:
Transverse Diameter Change (%) 0.28 0.12 0.05 0.10 003 025 0.8 0.43 0.10
SW 870 - Appendix IlI-D 003 0.08 0.05 0.00 018 0.10 025 £.13 0.10
: 0:33
0.20
Average 0.20 0.10 0.00 0.05 2.08 0.18 0.2t 0.00 0.00
STD 0.14 0.02 0.05 0.05 0.10 0.08 0.04 0.13 0.10
% Volatiles 0.04 025 0.34 0.24 0.38 0.78 0.48 0.54 0.7
SW 870 - Appendix (II-D 0.04 0.28 0.39 0.30 032 0.81 0.45 0.49 027
0.04
0.04_
Average 0.04 0.27 037 027 034 0.80 045 052 027
STD 0.00 0.02 0.02 003 0.02 0.02 0.00 0.03 0.00
% Extractables 0.08 0.2 0.68 063 © 192 0.20 113 0.44 1.08
SW 870 - Appendix Ilt-D 0.07 0.61 081 057 082 0.16 111 052 1.03
‘ 0.08
0.07
verage 0.07 0.82 0.95 0.60 1.02 0.18 1.12 048 1.08
3TD 0.01 0.01 0.03 0.03 0.10 0.02 0.01 0.04 0.03
Page 70f 9 .
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to. Organic Soiution in Butano!

MON
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C $0C 23C 50C 23C 50C
Tear Resistance:
ASTM D1004 58 &8 65 [ €6 63 64 66 67
(Ibs) 59 71 66 65 65 83 64 66 87
Machine Direction 58 &7 (] 13 66 62 64 66 67
59
58
59
Average 59 68 "] 5 ] €3 84 66 67
STD 1 2 1 0 1 1 [} 0 0
Coefficient of Variation 1 3 1 (] 1 1 0 [ [
% Change 18 12 11 12 7 8 13 15
Tear Resistance:
ASTM D1004 58 €9 68 [ (7] 62 62 [ 66
(Ibs) 58 [ a3 es 85 62 63 €6 665
Transverse Direclion 57 71 -3 o4 8s 82 63 6 8S
53
58
57
Average 57 es 85 85 65 82 83 88 [
§TD 1 3 2 1 1 0 1 1] 1
Coefficient of Variation 2 4 2 2 1 0 1 (4 1
% Change 20 13 14 15 9 10 16 15
Hydrostatic Resistance:
ASTM D751 595 505 500 570 580 565 580 600 685
(psi) 595 588 595 580 515 875 $50 500 605
590 580 600 570 575 s70 §50 590 800
805
595
590
Average 585 590 585 573 57 570 553 597 623
STD 5 g [ [ 3 5 [ ] 38
Coefficient of Variation 1 1 1 1 1 1 1 1 [
% Change K] 0 - 3 - 7 0 s
Hydrostatic Resistance:
ASTM D751 11.90 13.44 13.50 8.87 831 1231 7.00 10.38 875
time to burst (sec) 12.62 13.35 12.04 783 8.28 831 7.88 10.21 11.50
12.44 13.72 11.53 9.78 875 9.58 678 10.59 10.64
12.83 .
11.50
12.03
Average 1239 1350 12.62 813 8.45 10.07 722 1038 10.40
$TD 0 0 1 1 0 2 1 -3 1
Coefficient of Variation 4 1 8 14 3 20 8 2 14
% Change 11 4 25 -31 47 41 A5 EH
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Butanol!

MDA
Report Date: March 05, 1995 Exposure Time and Temperature Quality Review
3 Baseline 30 Day 60 Day 80 Day 120 Day
b Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Seam Peel Adhesion:
ASTM D4437 (ibs) 153 138 138 136 138 140 134 147 1851
187 130 135 134 139 143 143 144 158
154 132 139 141 141 141 132 139 148
15§ 139 136 131 136 143 143 147 153
155 137 (3] 135 140 138 131 148 143
161 133 137 127 138 141 144 140 148
154
154
153
154
180
153
Average 188 135 138 134 129 141 138 tas 150
STD 3 3 2 4 2 2 6 4 s
Coeflicient of Variation 2 2 ] 3 1 1 4 2 3
% Change -13 -11 -14 Ei] E ] 11 7 -3
Failure Mode (FTB = All Film Tear Bond) 31:] F18 Fi8 F1B FrB FTB FTB T8 Fre
Shear Seam Strength:
Shear Seam Strength (Ibs) 168 150 147 150 182 148 143 150 145
ASTM D4437 168 150 146 148 149 147 147 151 149
168 148 147 148 148 147 145 149 153
167
169
167
Average 168 150 147 149 150 147 145 150 149
TD 1 [} [ 1 1 [ 2 1 3
: ~oefficient of Variation 0 0 0 1 1 [\ 1 1 2
]
" % Change 11 -13 -1 -1 -13 -13 -11 -1
Page S of 9
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EPA METHOD 8090 TEST RESULTS
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EXPOSED TO ORGANIC SOLUTION IN WATER
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

Mo
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30Day " 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
GEOMEMBRANE: 80 mil SMOOTH HDPE
Tensile Properties:
Tensile Stress @ Yield (psi) 2488 2432 2296 2310 2256 2465 2363 2273 2353
ASTM D638 2438 2321 2283 2326 2233 2442 2607 2320 2378
Machine Direction 2438 2383 2321 2261 2233 2448 2557 2264 2423
‘ 2476

2415

2415
Average 2445 2378 2303 2299 2241 2452 2508 2286 2385
STD 28 45 13 28 11 10 105 25 29
Coeffident of Variation 1 2 1 1 [} 0 4 1 1
% Change -3 ¥ F] L) 0 3 7 -2
Tensile Strength @ Break (psi) ’ 4537 5272 5160 5701 5442 4938 5303 4648 4783
ASTM DE38 4232 5160 4610 5012 5198 5481 5201 5133 5009
Machine Direction 5195 5148 5111 8557 5756 5241 5028 4211 4258

4282

4148

5341
Average 4822 5183 4560 5423 5485 5218 5177 4864 4683
STD a4 56 249 207 228 23 114 202 31§
Coefficient of Variation 10 1 s s 4 4 2 4 7
% Change 12 7 17 18 13 12 5 1

: Tensile Properties:

. Elongation @ Yield (%) i 20 22 22 18 20 22 21 23 18
ASTM D638 18 20 20 22 23 21 21 20 18
Machine Direction 22 22 2 22 25 2 20 21 1%

22

20

18
Average 20 n 2 7 23 n 2 21 ]
STD 2 1 1 2 2 ] o 1 0
Coefficient of Variation 8 4 4 [ [ 2 2 3 3
% Change 7 7 3 13 7 3 7 -8

Page 10of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

ronN
Report Date: March 06, 1885 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Elongation @ Break (%) 795 844 925 966 1000 709 748 673 6685
ASTM D638 748 916 843 901 848 808 721 733 878
Machine Direction 905 921 921 56 75 753 898 704 593

751

735

924
Average 810 927 896 541 §74 757 122 703 645
STD 77 12 38 28 21 40 20 24 37
Coefficient of Variation 9 1 4 3 2 5 3 3 6
% Change 14 1" 16 20 7 11 -13 -20
Set after Break (%) 882 733 722 04 752 718 738 580 588
ASTM D638 . 889 724 686 88y 713 ] 712 649 592
Machine Direction 856 708 s 688 745 725 702 613 591

678 :

684

719
Average e85 722 708 697 737 747 718 614 590
STD 19 10 18 6 17 38 16 28 2
Coefficient of Variation 3 1 2 1 2 5 2 s [V
% Change 5 3 2 ] ] 5 -10 14
Stress @ 100% Elongation (psi) 1841 1827 1785 1701 1698 1881 1820 1713 1811
ASTM D638 1841 1778 1756 1758 1608 1830 1934 1791 1808
Machine Direction 1805 1753 1753 1882 1724 1840 1919 1730 1837

1841

1793

1829
Average 1825 1786 1758 1713 1706 1854 1891 1745 1818
§TD 19 31 5 3 11 27 St 33 12
Coefficient of Variation 1 2 [} H 1 1 3 2 1
% Change 2 -4 - 7 2 4 < <
Page2of 9
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: WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed 1o Organic Solution in Water

Mon
Report Dale: March 06, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
- est Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 200% Elongation (psi) 1802 1827 1728 1724 1767 1854 1821 1760 1853
ASTM D638 1854 1815 1780 1779 1767 1833 1934 1825 1864
Machine Direction 1817 1802 17%0 1670 1756 1782 1919 1768 187¢
1866
1854
1878
Average 1862 1815 1766 1724 1763 1823 1891 1784 1865
STD 26 10 27 “® 5 30 50 29 11
Coefficient of Variation 1 1 2 3 0 2 3 2 1
% Change 3 5 7 5 2 2 -« [}
Tensile Properties:
Tensile Stress @ Yield (psi) 2524 2293 2288 2326 2317 2070 2202 2305 2381
ASTM D638 2388 2272 2247 2306 2378 2187 2301 2276 2321
Transverse Direction 2349 2268 2093 2165 2386 2174 2323 2205 2382
2313
243
213
Average 2389 2278 2209 2266 2360 2147 2305 2282 2361
STD 75 1" [ 72 3 55 13 12 29
Coefficient of Variation 3 [} 4 3 1 3 1 ] 1
% Change 5 ¥ ] -1 -10 -+ - T
“ensile Strength @ Break (psi) 5341 5073 5180 5733 4854 4983 5303 5187 5151
STM D838 5205 4778 4988 5882 5328 5480 5201 5038 5189
Transverse Direction 5169 4825 4767 4741 5277 5241 5028 ATT7 5226
5253
5385
5253
Average 5285 4893 4368 5452 5153 5228 177 5001 5189
STD 70 129 157 506 213 21 114 169 31
Coefficient of Variation 1 3 3 $ 4 4 2 3 1
% Change 7 ] 4 2 -1 -2 -5 -1
Page 30f S
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

MDA
Report Date: March 06, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Tensile Properties:
Elongation @ Yield (%) 20 20 22 20 23 22 21
ASTM D638 20 20 22 18 2 20 21
Transverse Direction 22 20 22 20 22 21 21

20

20

20
Average 20 20 22 18 2 21 21
STD ) 1 0 0 1 ] 1 0
Coefficient of Variation 4 0 0 5 2 4 0
% Change -2 8 -5 10 3 3
Elongation @ Break (%) 46 928 955 978 868 883 45
ASTM DB38 951 B8 936 998 954 902 968
Transverse Direction 936 BES 853 885 51 811 825

928

938

930
Average 818 900 948 957 824 885 813
STD 8 21 1 45 40 as 63
Coefficient of Variation 1 2 1 5 4 5 7
% Change “« 1 2 -1 R 3
Set after Break (%) 724 742 738 750 738 745 729
ASTM D638 743 708 883 751 732 785 745
Transverse Direction ] 852 722 738 704 725 658

738

740

721
Average 734 714 718 748 725 752 711
STD ) 7 21 19 10 15 25 37
Coefficient of Vanation 1 3 3 1 2 3 5
% Change 3 -2 2 K] 2 3
Page 4 of 8
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed {0 Organic Solution in Water

MON
Report Date: March 06, 1995 Exposure Time and Temperature Quaiity Review
Baseline 30 Day 60 Day 90 Day 120 Day
iest Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 100% Elongation (psi) 1854 1732 13 1723 1780 1807 1748 ‘1760
ASTM D638 . 1795 1153 1741 1729 1756 1826 1760 1774
Transverse Direction 1807 1732 1593 1718 1771 1862 1728 1805
1771
1829
1783
Average 1807 1739 1690 1727 1788 1865 1748 1780
§TD 28 10 ] 6 10 a3 1 19
Coefficient of Variation 2 1 ] 1 2 1 1
% Change - £ -+ -2 3 -3 -1
Stress @ 200% Elongation (psi) 1902 1788 1750 1756 1817 1907 1780 1814
ASTM D638 1858 1790 1778 1785 1793 1826 1788 1814
Transverse Direction 1831 1780 1651 1741 1771 1862 1800 1854
1705
1866
1843
Average 1849 T 9728 1754 1754 1885 1793 1827
STD 33 ) [ 10 19 23 5 19
Coefficient of Variation 2 1 3 1 1 2 2 0 1
% Change 4 7 -5 -3 1 -3 -1
Modulus of Elasticity:
\ST™ D882 (psi) 17074 17467 16858 21208 24374 17483 18604 17359 ‘16723
lachine Direction 16042 18507 15812 23056 22988 17119 18802 161470 17440
‘17873 14851 - 15673 25471 19580 18795 14745 17610 17558
16448
15838
15205
Average 16380 18175 18048 23275 22313 17126 18051 17046 17240
STD [ -] 1485 533 2005 2487 134 708 452
Coefficient of Variation 5 9 3 ) 1 7 5 3
% Change E] 2 42 ® 2 4 5
Page 50f 8
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

MON
Report Date: March 08, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Modulus of Elasticity:
ASTM D882 (psi) 15951 15096 15531 24664 19265 19502 15225
Transverse Direction 15098 15040 14589 28700 20720 18599 18129
15218 15090 17148 25018 21187 18522 15338
15247
15180
15402
Average 15349 15075 15755 26137 20391 19341 15564
STD 311 31 1293 2225 1002 725 483
Coefficient of Variation 2 0 8 [ 5 4 3
% Change -2 3 70 33 26 1
‘ Indentation Hardness:
o Reading s7 53 L 58 8 50 59
| ASTM D2240 50 52 57 [¥] 82 58 58
| {with TYPE D DUROMETER) 54 55 55 89 80 57 57
‘ 50 56 85 59 61 58 58
‘ 52 52 55 60 89 s7 58
| 55
| s8
58
s8
| 54
Average 55 54 58 80 &t 58 58
STD 3 2 1 2 1 1 1
Coefficient of Variation [ 3 3 1
; % Change 2 2 ] 12 [ 6
? Specific Gravity:
ASTM D792, Method A 0.948 0.938 0.548 0.541 0.947 0.640 0942
| 0.942 0.942 0.547 0.942 0.951 0.640 0044
‘ ‘ 0537 0.945 0.93% 0.943 0.950 0.848 0.940
0.945
0.937
0.849
|
i Average 0.843 0.942 0.545 0.642 0.049 0.942 0942
sTD 0.005 0.003 0.005 0.001 0.002 0.003 0.002
1 Coefficient of Variation 1 0 1 ° o o °
"% Change : 0.1t CRU R X0 0.67 0.1 0.1
i .
| Environmental Stress Crack Resistance:
| ASTM D1693, Condition B
| Machine Direction (% Failed) NA 0 0 ] 0 o 0

Transverse Direction (% Failed) NA 0 [} 4 [} o [}

Page 6 of 8
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’ WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

AMON

Report Date; March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 80 Day 120 Day

Test Parameters 23C . 50C 23C 50C 23C 50C 23C 50C

Puncture Resistancse:

Load @ Rupture (Ibs) 121 121 124 121 125 120 118 143 147

FTMS 101C Method 2065 18 122 124 121 127 125 125 143 148

124 121 125 119 125 123 125 147 147
118
121
127

Average 122 121 124 120 128 123 123 144 147

STD 3 0 0 1 1 2 3 2 0

Coefficient of Variation 2 ] ] 1 1 2 3 1 [}

% Change < 2 -1 3 1 1 18 21

Strain @ Rupture (in) 526 0.26 043 0.32 0.40 028 0.27 0.52 0.49

FTMS 101C Method 2065 0.28 0.26 043 0.35 0.41 041 0.44 0.50 046

0.40 0.28 0.40 0.37 0.44 0.28 0.48 050 0.50
0.24
0.24
0.40

Average 0.30 0.26 0.42 0.35 0.42 033 0.40 0.51 0.48

STD 0.07 0,00 0.01 0.02 0.02 0.08 0.08 0.01 0.02

Coefficient of Variation 23 o 3 3 4 18 2 2 4

% Change -4 39 18 38 8 31 ] 60

Volatiles and Extractables:

Machine Diameter Change (%) 025 0.65 0.08 028 -0.15 -0.02 -0.10 -1.52 -3.40
SW 870 - Appendix I1i-D 025 0.20 .28 0.18 042 -0.80 -0.40 -2.40 £.48
2 042

- -0.38

Average £33 023 £0.18 -0.05 028 -0.68 025 -1.96 -4.93

STD 0.08 043 o.10 0.23 0.14 0.06 0.15 273 1.53

Volatiles and Extractables: ]

Transverse Diameter Change (%) 028 0.00 0.35 0.13 0.08 038 .20 022 0.43

SW 870 - Appendix llI-D 0.03 D.15 0.10 0.10 0.05 0.38 0.13 £0.05 -0.60

0.33
020

Average 0.20 0.08 023 0.1% 0.06 036 -0.04 0.0% -0.52

STD 0.14 0.08 0.12 0.01 0.01 0.01 0.16 0.14 0.09

% Volatiles 0.04 0.08 0.41 0.09 009 0.18 0.22 0.18 021

SW 870 - Appendix IHI-D 0.04 0.05 0.12 0.09 0.13 X1 0.24 0.1% 022

0.04
0.04

Average 0.04 0.06 0.12 0.09 0.1 0.18 023 018 022

STD 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.01 0.01

% Extractables 0.06 0.20 0.8 0.19 0.30 0.06 0.04 0.2 0.15

SW 870 - Appendix I1i-D 0.07 020 024 0.17 0.27 0.05 0.04 0.5 ot

0.08
0.07

Average 007 . 020 0.21 0.18 029 0.08 0.04 0.4 0.1

STD 0.0% 0.00 0.03 0.01 0.01 0.00 0.00 0.02 0.02

Page 7 of 9
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WHC-SD-WM-TRP-237, Rev. 0 .

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed o Organic Solution in Water

oA

Report Date: ‘March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Tear Resistance: )
ASTM D1004 58 68 68 88 &5 65 67 68
(Ibs) 59 70 ] (] 68 e5 67 68 (1]
Machine Direction 58 69 67 1] (7] 14 67 63
50
58
59
Average 59 89 -] 68 ] 85 86 67 89
STD 1 1 1 1 1 0
Coefficient of Variation 1 1 2 0
% Change 18 17 16 17 12 13 15 18
Tear Resistance:
ASTM D1004 56 -] &7 88 7 8s 67
(lbs) 56 70 7 67 e7 [N 13 68 88
Transverse Direction 57 [ 67 es 7] 68
i 58
58
57
Average 57 68 88 68 67 64 65 88 88
STD 1 1 2 1 ] 1 1 1 o
Coefficient of Variation 2 3 1 1 1 [+}
% Change 20 20 18 17 13 15 19 19
Hydrostatic Resistance:
ASTM D751 55 800 815 600 580 $80 590 €20 815
(psi) 595 580 515 590 600 880 s85 620 €20
590 595 805 590 505 580 580 610 620
805
505
500
Average 585 595 812 583 505 583 585 817 818
STD s ] [] (] 5 [ s [ 3
Coefficient of Variation 1 1 1 1 1 1 1 1 [}
% Change 0 3 0 0 -2 2 4 4
Hydrostatic Resistance:
ASTM D751 1190 1385 1925 738 10.22 743 672 997 11.78
time 10 burst (sec) 1262 12.78 12.06 8.78 7.66 887 6.75 13,16 8.22
1244 1337 12069 853 828 882 8.8 10.63 11.22
1283 :
1150
1202
Average 1219 13.27 12.17 8.9 872 7.74 6.81 11.25 10.41
STD ° o [} 1 ] 1 [} 2 2
Coefficient of Vanation 4 3 4 12 15 14 2 15 18
% Change 9 ¥ 2 28 36 - ¥ .18
Page 8 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Organic Solution in Water

—_MDN
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
>, est Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Seam Peel Adhesion:
ASTM D4437 (Ibs) 183 137 150 137 122 137 146 154 161
157 146 147 138 139 146 152 153 149
154 135 145 134 131 128 127 182 151
185 136 127 140 140 146 151 158 162
155 136 . 144 144 12 145 139 187 160
161 138 148 139 137 148 150 153 . 148
154
154
153
154
160
153
Average 155 138 143 138 130 142 144 155 155
STD 3 4 7 2 10 7 9 2 6
Coefficient of Variation 2 3 5 2 8 5 6 1 4
% Change T 3 -1 16 % 3 o )
Failure Mode (FTB = All Film Tear Bond) 31:] FT8 FTB FTR FTB FT8 FTB FTB FiB
Shear Seam Strength:
Shear Seam Strength (ibs) 168 156 152 154 185 153 143 159 158
ASTM D4437 168 157 153 153 155 154 147 159 150
168 157 153 155 155 155 146 150 156
187
180
187
<rage 188 157 153 154 155 154 145 156 158
i b} 1 0 ] 1 0 1 2 ] 1
-oefficient of Variation o ] ] 1 0 ] 1 3 1
% Change 7 $ K} 8 ] 13 7 £
Page 90f 9
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WHC-SD-WM-TRP-237, Rev. 0 .

EPA METHOD 9090 TEST RESULTS

80 mil NATIONAL SEAL SMOOTH HDPE GEOMEMBRANE
EXPOSED TO WATER BASED MIXTURE OF METAL NITRATES IN NITRC ACID
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid

MDA
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
* Baseline 30 Day 60 Day 90 Day 420 Day
© Test Parameters . 23C 50C 23C 50C 23C 50C 23C 50C

GEOMEMBRANE: 80 mil SMOOTH HDPE

Tensile Properties:
Tensile Stress @ Yield (psi) 2488 2083 2380 2463 2287 251 2524 2520 2391
ASTM D638 . 2439 2115 2427 2258 2281 2481 2441 2531 2381
Machine Direction 2439 2185 2415 2244 2256 2461 2435 2544 2397
2478
2415
2415
Average 2445 2134 2411 2322 2275 2488 2467 2532 2390
STD 28 “ 15 100 13 25 41 10 7
Coefficient of Variation 1 2 1 4 1 1 2 0 0
% Change ' 13 A 5 3 2 1 4 2
Tensile Strength @ Break (psi) 4537 4767 5610 6244 5425 4388 3254 5202 4837
ASTM D638 4232 4857 5683 5415 4831 5072 5030 4874 4725
Machine Direction 5195 4851 4878 4878 4600 8323 5393 5454 4470
4282
4145
5341
Average 4822 4838 5390 £512 4852 4924 4558 5180 4677
STO 474 54 363 562 348 404 935 241 154
Coefficient of Variation 10 1 7 10 ? [ 21 ) 3
% Change 5 17 18 7 6 -t 12 1
£ Tensile Properties:
Elongation @ Yield (%) ’ 20 20 20 20 21 20 19 18
ASTM D638 18 23 22 2 20 21 21 19 18
Machine Direction 22 20 17 20 18 20 19 18
: 22
20
18
Average ’ 20 b 21 20 20 20 20 18 18
8TD 2 1 1 2 [ 1 0 0 [}
Coefficient of Variation 8 [3 [ 10 [} 2 0 3
% Change 8 3 2 [ 0 2 5 E]
Page 10f9
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WHC~-SD-WM-TRP-237, Rev. O

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid

, MoA
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 80 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Elongation @ Break (%) 785 953 1006 1024 819 830 m 708 - 652
ASTM D638 748 833 1030 954 903 729 701 662 663
Machine Direction 905 826 884 $31 881 767 760 742 645
754
738
824
Average : 810 937 973 970 903 775 T44 704 653
STD g 1 64 40 16 42 3 33 7
Coefficient of Variation ] 1 7 4 2 [ 4 5 1
% Change 18 20 20 12 -+ 3 -13 19
Set after Break (%) 882 708 758 713 884 680 568 €20 573
ASTM D638 889 718 56 729 711 709 &89 570 588
Machine Direction _ 856 T44 732 714 679 | 703 714 540 553
. a8
884
719
Average 685 123 748 718 €91 697 es7 577 571
STD 19 15 12 ] 14 12 64 a3 14
Coefficient of Variation 2 2 2 1 2 2 10 L] 2
% Change [ 9 H] 1 2 - -16 17
Stress @ 100% Elongation (psi) 1841 1593 1780 1783 1701 1858 1848 1883 1807
ASTM D638 1841 1713 175 1718 1874 1850 1886 1838 T 1848
Machine Direction 1805 1855 1780 1633 18114 1773 1921 1862 1788
‘ 1841
| 1793
| 1829
j Average ) 1825 1854 72 1715 1662 1827 1879 - 1854 1814
| STD 19 4 11 es 38 38 3t 12 24
| Coefficient of Variation 1 3 1 4 2 2 2 1 1
% Change 9 3 - K] 0 3 2 -
Page 2of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid

mon
Report Dale: March 06, 1895 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 200% Elongation (psi) 1902 1651 1805 1829 1724 1811 1849 1897 1856
ASTM D638 1854 1747 1768 1817 1707 1813 1366 1850 1895
Machine Direction 1817 1736 1805 1889 1677 1813 1922 1908 1833

1866 .

1854

1878
Average 1862 1711 1783 1712 1703 1812 1879 1898 1861
STD 26 43 17 88 19 1 31 7 26
Coefficient of Variation 1 3 1 s 1 ] 2 0 1
% Change 8 -4 8 K] 3 i 2 0
Tensile Properties:
Tensile Stress @ Yield (psi) 2524 2305 2395 2373 2273 2450 2442 2384 2376
ASTM D638 . 268 23%0 241 2410 2302 2457 2391 2394 - 2370
Transverse Direction 2349 2341 2407 2410 2314 2421 P23 2389 2362

213

2439

n13
Average 2388 2345 2381 2398 2206 2443 2416 2392 2368
STD 75 3s 28 17 17 16 21 [3 6
Coefficient of Variation 3 1 1 1 1 1 1 0 [
% Change -2 -0 > -« 2 1 ] -1
“ensile Strength @ Break (psi) 5341 5024 5238 5783 5603 5034 5208 5194 4012
STM D638 5205 4453 5415 5229 8000 5343 4878 5430 5272
Transverse Directlion 5188 52 5555 5285 5058 4981 4631 4882 4535

5253

5366

5253
Average 5265 4370 5402 5426 5584 5119 4905 5182 4806
STD 70 290 131 253 382 180 238 233 517
Coefficient of Variation 1 [ 2 5 7 3 s s 11
% Change 7 3 3 [} 3 -7 -2 13
Page 3 of 9
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WHC-SD-WM-TRP-237, Rev. 0 ,

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid MD )\{
Report Date: March 06, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day

Test Parameters 23C 50C 23C 50C 23C S50C 23C 50C
Tensile Properties:
Elongation @ Yield (%) 20 20 20 17 18 18 21 18 19
ASTM D638 20 20 20 18 17 19 22 8 1@
Transverse Direction 22 20 22 17 20 24 18 18 - 18

20

20

20
Average 20 20 21 17 1@ 2 20 8 19
STD 1 0 ] ] 1 2 2 0 o
Coefficient of Variation 4 0 s 3 7 1" [ 0 3
% Change 2 2 -5 -10 2 [\ -11 -8
Eiongation @ Break (%) 46 34 958 1081 1012 944 855 745 s87
ASTM D838 851 812 1015 848 1053 897 902 761 757
Transverse Direction 938 28 1032 968 952 847 886 699 648

v28

838

30

- Average 38 €s1 1002 996 1008 896 874 735 664

STD 8 56 32 58 41 0 20 26 70
Coefficient of Variation 1 [ 3 & 4 4 2 4 131
% Change 5 7 [] 7 - -7 -22 -29
Set after Break (%) 724 es7 719 767 748 748 e 635 531
ASTM D638 743 o0 762 71 783 780 710 730 640
Transverse Direction 728 722 75 738 758 738 720 610 570

738 :

740

731
Average 734 703 745 139 783 758 735 858 580
STD 7 15 18 23 15 17 29 52 45
Coefficient of Variation 1 2 3 3 2 2 4 [} 8
% Change 4 1 1 4 3 o -10 21
Page 4 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed {o Water Based Mixture of Metal Nitrates and Nitric Acid ;J
MDA
Report Date: March 06, 1995 Exposure Time and Temperature : Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
1est Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 100% Elongation (psi) 1854 1756 1778 1735 1636 1731 1871 1794 1755
ASTM D638 1785 1732 1756 1735 1709 1807 1887 1851 1829
Transverse Direction 1807 1756 1765 1735 1721 1750 1858 1776 1814
1T
1829
1783
Average 1807 1748 1766 1735 1689 1763 1872 1807 1799
STD 28 " ] 0 38 32 12 32 32
Coefficient of Variation 2 1 1 [4 2 2 1 2 2
% Change 3 2 -4 -7 -2 4 ] o
Stress @ 200% Elongation (psi) 1902 1793 1778 1687 1859 1825 1887 1851 1825
ASTM D638 1855 1805 1703 1795 1744 1843 1857 1878 1863
Transverse Direction 1834 1780 1815 1795 1744 1817 1871 1826 1870
1795 ’
1866
1843
Average 1849 1793 1785 1789 1716 1828 1872 1852 1853
STD 33 10 15 51 40 1 12 24 20
Coefficient of Variation 2 1 1 3 2 1 1 1 1
% Change -3 3 K3 7 -1 1 0 0
Modulus of Elasticity:
STM D882 (psi) 17074 14085 14548 18719 21249 17769 16980 16408 16184
achine Direction 168042 14957 13881 18990 21051 15043 15851 18979 17319
17673 14952 14385 19007 20532 18525 18537 16938 18501
18448
15839
15205
Average 16380 14985 14187 18905 20044 18746 16745 18805 10088
STD 888 18 a7t 162 370 < 33 267 586
Coefficient of Variation : 5 [} 3 1 2 [} [} 2 4
% Change 9 -13 15 28 2 2 3 2
Page 5of9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid
| pMoN
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Modulus of Elasticity: .
ASTM D8B2 (psi) 15951 15585 14895 19976 17545 17769 16461 16350 17507
Transverse Direction 15098 14777 15074 181684 20248 15843 15359 16762 17446
15218 15689 14273 19080 20413 18525 15098 16607 17201
15247
15180
15402
Average 15349 15350 14747 19073 19402 16746 16746 16773 17385
§TD an 499 420 908 1810 933 933 172 162
Coefficient of Variation 2 3 3 3 8 [ § 1 1
% Change [} -« 24 26 ° ] ] 13
Indentation Hardness:
Reading §7 87 58 81 % 80 57 62 63
ASTM D2240 S0 57 &5 &2 o1 60 58 62 61
(with TYPE D DUROMETER) 54 54 57 €2 62 80 9 80 82
50 55 61 60 59 58 82 63
52 5 56 50 & 81 &1 61 62
55
58
58
58
54
Average [ 56 57 L1 -] 80 58 81 62
STD 3 1 1 1 1 1 1 1 1
Coefficient of Variation [ 2 2 1 1
% Change 2 4 12 11 10 8 12 14
Specific Gravity:
ASTM D792, Method A 0.948 0.938 0.945 0.048 0.941 0.643 0.540 0.945 0.937
0.942 0.948 0.838 0.650 0.838 0.541 0.940 0.947 0.841
0.837 0.837 0.947 0.548 0.83% 0.942 0.943 0.946 0.845
0.945
[[X-<v]
0.949
Average 0.943 0.940 0.543 0.549 0.539 0.942 0.540 0.848 0.841
S$TD 0.005 0.007 0.005 0.001 0.002 0.001 0.001 - 0,001 0.004
Coefficient of Variation ] 1 1 ° 0 0 0 0 0
% Change 028 0.04 0.80 038 0.1 -0.28 0.32 021
Environmental Stress Crack Resistance:
ASTM D1693, Condition B
Machine Direction (% Failed) NA ] 0 ] 0 0 [} 0 ]
Transverse Direction (% Failed) NA ] 0 [ 0 0 [} ° ]

Page 6 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Water Based Mixture of Metal Nilrates and Nitric Acid ) D\l
M
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Paramelers 23C 50C 23C 50C 23C 50C 23C 50C
Puncture Resistance: i
Load @ Rupture (ibs) 121 126 127 128 127 127 131 131 128
FTMS 101C Method 2055 119 125 125 127 8 127 130 129 129
124 125 424 124 126 126 128 128 L7
19
121
127
Average : 122 125 125 127 127 127 130 129 128
sSTD 3 [ 1 2 1 [ 1 1 1
Coefficient of Variation 2 [ 1 2 1 ‘0 1 1 1
% Change . 3 3 e 4 4 [ 6 s
Strain @ Rupture (in) 028 0.40 0.39 039 0.40 0.27 C.44 0.50 0.47
FTMS 101C Method 2065 0.25 0.28 0.42 0.33 0.42 0.40 0.47 0. 0.45
0.40 0.39 0.38 0.35 038 041 044 044 048
0.24
0.24
040
Average 0.30 0.35 0.40 0.36 0.40 0.38 045 0.48 - 047
STD 0.07 0.08 0.01 0.02 0.01 0.08 0.01 0.03 0.01
Coefficient of Variation 3 18 4 7 3 18 3 6 3
% Change 1% 33 18 34 19 49 52 -4
Volatiles and Extractables:
fachine Diameter Change (%) .28 026 045 833 043 0.0 028 055 «0.38
W 870 - Appendix III-D 025 0.18 040 0.03 ©.50 -0.35 ©.18 £33 £.70
042
0.38
Average 033 023 043 0.5 20.31 048 -0.23 D44 0.54
STD 0.08 0.05 0.02 0.18 0.19 0.13 0.05 0.11 016
Volatiles and Extractables:
Transverse Diameler Change (%) 0.28 0.43 0.30 0.25 0.18 0.83 043 0.28 0.30
SW 870 - Appendix Ill-D 0.03 0.48 0.40 0.05 0.5 0.3s 030 033 0.40
0.33
0.20
Average 0.20 048 0.35 0.18 0.18 049 0.35 0.28 03s
STD 0.14 0.02 0.05 0.10 0.01 0.14 ‘0.06 0.04 0.05
% Volaties 0.04 0.02 0.05 003 0.03 007 0.08 008 0.13
SW 870 - Appendix {li-D 0.04 0.02 0.04 0.03 0.04 0.08 0.08 0.05 003
0.04 .
0.04
Average 0.04 0.02 0.05 0.03 0.04 0.07 0.08 0.06 0.08
STD 0.00 0.00 0.0 0.00 0.0% 0.01 0.00 0.00 0.05
% Extractables 0.08 0.15 0.14 0.10 0.8 0.06 0.07 0.03 0.04
SW 870 - Appendix Ili-D 0.07 0.14 0.09 0.168 0.15 0.02 0.04 0.03 003
0.08
0.07
vefage 0.07 0.18 0.12 0.13 0.1S 0.04 0.08 0.03 0.04
STD . 001 0.00 0.03 0.03 0.00 0.02 0.02 0.00 0.01
Page 7 of 9
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed 10 Water Based Mixture of Metal Nirates and Nitric Acig

S®A
T Quaky Review

Repont Date: March 05, 1988S Exposurs Tima ang Temparature
Bsasetine 30 Day 60 Day 80 Day 126 Day
Test Parameters 23C 50C 23C 50C 23C S0C 23C S0C
Tear Resistanco:
ASTM D1004 £ 71 7 &3 8§ 85 (13 4] (3]
(ibs) 59 ] 7 [~} 70 [ [3 [T 70
Machine Direclion (] 7 7 33 (] es 2] 88 [
]
88
L]
Averasge 2] 70 70 L L ss &5 L] L1
STO 1 2 2 L] 1 ] 1 ° 1
Coefficient of Varation 1 2 3 ] ] [\ 2 [ 3
% Change 20 19 16 12 1 11 16 18
»
Tear Resistance:
ASTM D1004 s " 7" &7 89 68 7] L1} ]
(Ps) 58 e 8 &7 (Y] es 88 [T} (1]
Transverse Direction 74 e e L34 €7 86 86 &7 3]
55
]
7
Average 57 & [ &7 58 66 [ [ L]
81D 1 2 2 [} 1 -] Q ] (-]
Coefficient of Verigtion 2 2 2 ° 2 ) ° 1 a
% Change 2 22 18 19 1% 1% 19 21
Hydrostatic Resistance:
ASTM D751 595 610 s [ €8s 570 ase 610 )
(ps) 95 600 80s $90 s85 580 s70 €20 500
$50 5 615 S0 90 575 =70 ] 825
608
596
590
Averaga 585 s [} 593 590 518 599 810 18
STD H H 6 [ 5 5 £ 10 16
Coefficient of Variatien 1 1 1 1 1 1 [ 2 3
% Change 2 2 £ B 3 1 3 .
Mydrostatic Resistance:
ASTM D751 : 1190 129 1434 1047 1037 929 8.06 697 10.72
time 1o burst (sec) 1262 1250 12 1038 0.88 8.5 .84 1009 1087
: 1244 172 11.78 10.72 10.37 863 7.64 B38 (3]
1269
11.50
1203
Average 1218 1228 1307 0.52 1021 [T LR} a4a 2.8
STD ° 0 1 ° [} 0 1 2 L}
Cosflicient of Varlation . I3 10 2 F) 4 ° 18 1S
% Change 1 7 -16 e -7 =3 -31 -18
Page 8of 8
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Report Date: March 06, 1985

WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Water Based Mixture of Metal Nitrates and Nitric Acid

Exposure Time and Temperature

mon

Quality Review

Baseline 30 Day 60 Day 80 Day 120 Day
yest Paramelers 23C 50C 23C 50C 23C 50C 23C 50C
Seam Peel Adhesion:

ASTM D4437 (ibs) 153 139 151 137 140 148 147 154 150
157 167 140 143 136 150 152 153 . 150
154 144 149 139 134 145 %S5 143 149
155 148 140 143 137 146 153 150 145
158 151 147 133 145 147 147 144 142
181 147 144 131 137 149 15 154 147
154
154
153
154
180
153
Average 155 146 145 138 138 148 148 149 147
STD 3 . 3 [ 4 2 3 4 3
Coefficient of Variation 2 2 3 3 3 1 2 3 2
% Change 8 - -1 11 -5 -« -« -5
Failure Mode (FTB = All Film Tear Bond) FTB FTB FTB FT8 F1B FTB 18 FTB FTB
Shear Seam Strength:
Shear Seam Strength (Ibs) 168 183 151 152 160 156 185 164 155
ASTM D4437 168 154 151 156 158 156 156 163 157
188 152 152 152 158 158 156 1683 . 185
187
169
187
verage 188 153 154 153 159 156 156 183 156
iD | 1 -] 2 1 0 [ (-] 1
coefficient of Variation 0 1 0 1 1 0 0 [}
% Change -3 -10 E] -5 -7 -7 -3 7
Page 9 of 8
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WHC-SD-WM-TRP-237, Rev. 0

EPA METHOD 9090 TEST RESULTS

80 mil NATIONAL SEAL SMOOTH HDPE GEOMEMBRANE
EXPOSED TO SODIUM HYDROXIDE SOLUTION
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WHC-SD-WM-TRP-237, Rev. 0

TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

MDA
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C

GEOMEMBRANE: 80 mil SMOOTH HDPE

Tensile Properties:

Tensile Stress @ Yield (psi) 2488 2253 2383 2439 2457 2533 2493 2469 2206
ASTM D638 2438 2209 2366 2438 2390 2504 2322 2383 2390
Machine Direction 2439 2287 2341 2519 2420 2480 2356 2418 2405

2476

2415

2415
Average 2445 2243 2353 2482 2422 2506 23%0 2423 2364
STD 28 -] 17 33 27 22 74 35 48
Coefficient of Variation . 1 1 1 1 1 t 3 1 2
% Change 3 -3 2 -1 2 -2 -t -3
Tensile Strength @ Break {psi) 4537 5128 5531 5915 5284 5540 5268 4388 4553
ASTM D638 4232 4583 5183 6220 5148 5285 5030 4536 4838
Machine Direction 5195 5047 5488 4780 €222 5180 5518 4880 4544

4282

4146

5341
Average 4822 4045 5401 5638 5551 5322 5272 4801 4578
sTD 474 202 155 820 478 180 198 206 - 119
Coefficient of Variation 10 4 3 11 [ 3 4 4 3
% Change 7 17 22 20 15 14 0 1

Tensile Properties:

Elongation @ Yield (%) 20 20 20 .7 22 21 21 18 20
ASTM D638 18 22 20 20 20 21 21 19 19
Machine Direction 2 20 22 17 18 21 24 18 19

22

20

18
Average 20 21 21 18 20 21 22 18 19
STD 2 1 1 1 2 o 1 0 [
Coefficient of Variation ] 5 s 8 [ 0 ] 3 2
% Change 3 3 -10 [} 5 T 10 B} -3
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

: mon
Report Date: March 06, 1985 Exposure Time and Temperature . Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Elongation @ Break (%) 785 887 1008 922 924 805 787 604 650
ASTM D638 748 881 944 964 900 767 765 626 672
Machine Direction %05 970 1001 [31] 1007 144 738 674 862
T 75

735

b24
Average 810 946 984 908 44 772 764 635 661
STD 77 45 b2 88 46 25 20 29 9
Coeflicient of Variation [ 5 3 7 5 3 3 s 1
% Change 17 22 12 17 -5 -6 -22 -18
Set after Break (%) 882 702 738 718 748 78 575 628 553
ASTM D638 688 708 724 715 @97 802 751 671 sT1
Machine Direction 856 T14 728 873 e 792 712 576 570

678

684

719
Average 885 708 730 702 741 781 678 625 585
STD 19 [3 6 21 34 10 15 38 8
Coefficient of Variation 3 1 1 -3 s 1 1 5 1
% Change 3 7 3 B 15 -1 9 -18
Stress @ 100% Elongation (psi) 1841 1632 1765 1828 1802 1918 1903 1826 1744
ASTM D638 1841 1618 1732 1780 1758 1829 1850 1838 1797
Machine Direction 1808 1654 1744 1841 1765 1817 2189 1831 1801

1841

1793

1828
Average 1825 1633 1747 1817 1774 1854 1878 1832 1781
STD 19 14 14 26 20 - 138 5 26
Coefficient of Variation 1 1 1 1 1 2 7 0 1
% Change At - 0 3 2 8 0 2
Page 20f 9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

rMop
Report Date: March 06, 1895 Exposure Time and Temperature Quaiity Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Stress @ 200% Elongation (psi) 1802 1690 1827 1866 1815 1864 1816 1902 1800
ASTM D638 1054 1874 1756 1854 1817 1826 1829 1889 1846
Machine Direction 1817 1698 1756 1690 1640 1840 1817 1879 1845
1886
1854
1878
Average 1862 1687 1780 1870 1824 1843 1654 1890 1630
STD 26 10 33 15 1" 6 44 ] 21
Coefficient of Variation 1 1 2 1 1 1 2 0 1
% Change -8 - [ -2 -1 £ ] 2 -2
Tensile Properties:
Tensile Stress @ Yield (psi) 2524 2282 2354 2438 2415 2252 2315 2235 2422
ASTM D638 2388 2259 2341 2489 - 2439 2321 2342 2331 2484
Transverse Direction 2348 2298 2260 2427 2489 2330 2392 2395 2363
2313
2438
2313
Average 2388 2280 2328 2445 2448 2301 2350 2320 2418
STD 75 16 32 18 31 35 32 66 41
Coefficient of Variation 3 1 1 k] 1 2 1 3 2
% Change -5 3 2 H -+ 2 -3 1
"ensile Strength @ Break (psi) £341 5012 4683 6000 5012 4818 5268 5271 5024
B ASTM D638 £205 4720 4537 8333 5659 4440 5030 5349 5225
Transverse Direction 5189 5008 £3%0 [ 8073 4008 ss18 4173 5083
: §253
5388
5253
Average 5265 4926 4870 8139 £581 4422 5272 4931 5104
ST0 70 138 anz 143 437 331 199 837 a7
Coefficient of Variation ) 1 3 8 2 e 7 4 1 2
% Change £ 7 17 s 1] 0 - -3
Page 30f9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

#on
Report Date: March 06, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 80 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Tensile Properties:
Elongation @ Yield (%) 220 20 22 18 18 21 22 18 19
ASTM DE38 20 20 22 20 20 21 23 18 21
Transverse Direction 22 22 23 18 22 24 20 18 21
20
20
20
Average 20 21 22 19 20 22 22 18 20
STD 1 1 (4 2 1 1 ] 1
Coefficient of Variation 4 s 2 5 B 3 3
% Change . 2 10 -8 -2 8 7 -10 ]
Elongaﬁ'on @ Break (%) 848 984 1002 977 879 810 885 737 -7
| ASTM D638 . 951 914 858 1020 988 9565 926 746 745
| Transverse Direction 936 51 855 960 975 880 805 596 732
5 $28
| ws
| 930
i Average o« 943 905 008 947 885 885 683 731
STD s 21 o9 18 48 60 48 [ 11
Coefficient of Variation 1 2 [ 2 s 7 6 10 2
% Change 1 - ] 1 £ £ 26 -22
Set after Break (%) 724 788 707 849 100 733 73% €08 €10
ASTM D638 743 704 889 758 k- 670 700 608 822
Transverse Direction 728 785 684 738 188 604 753 541 €23
738
740
731
Average ’ 734 751 883 782 741 683 734 556 e18
STD . 7 34 10 48 33 53 18 32 €
Coefficient of Variation 1 5 1 [] 4 8 ] 3 1
% Change 2 E [] 1 -9 0 -20 16
\'~
Page 4 of 9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Sodium Hydroxide Soiution A/

Report Date: March 06, 1995 Exposure Time and Temperature Quality Review

\ Baseline 30 Day 60 Day 90 Day 120 Day
" Tlest Parameters 23C 50C 23C 50C 23C 50C 23C 50C

Stress @ 100% Elongation (psi) 1854 1894 1768 1817 1805 1800 1840 1754 1818

ASTM D638 1795 1871 1707 1847 1854 1871 1833 1622 1843

Transverse Direction 1807 1702 1707 1744 1890 1801 1859 1835 . 1826

1M
1829
1783

Average 1807 1888 1727 1763 1850 1857 1877 1804 1820

STD 28 13 28 M 35 42 40 36 10

Coefficient of Variation 2 1 2 2 2 2 2 2 1

% Change -7 - - 2 3 4 k] 1

Stress @ 200% Elongation (psi) 1902 1753 1805 1805 1854 1763 1800 1823 1842

ASTM D638 1855 1064 1756 1878 1866 1785 1874 1892 1883

Transverse Direction 1831 1714 1732 1829 1802 1785 1901 1881 1864

: 1795
1868
1843

Average 1849 1720 1764 1837 1841 1778 1887 1869 1883

STD 23 24 30 2% 28 10 42 32 7

Coefficient of Variation 2 1 2 2 2 1 2 2 1

% Change -7 -5 -1 0 - (4 1 1

Modulus of Elasticity:

\STM D882 (psi) 17074 15237 16825 18824 18314 16835 15749 16281 16833
Aachine Direction 18042 15810 16108 16058 17624 18186 18248 18550 17220
% 17673 14971 16336 17521 23397 18048 16041 18685 - 18585

18448
15839
15205

Average 18380 15230 18423 18134 19778 17823 16013 16502 16883

STD 888 429 88 855 3153 858 251 192 315

Coefficient of Variation [ 3 2 4 18 5 2 1 2

% Change & ] [ 11 21 B 2 1 3

Page 5 of 9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

\ ___mon
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Tes! Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Modulus of Elasticity:
ASTM D882 (psi) 15951 14681 18743 41742 24327 16387 15139 16534 15836
Transverse Direction 15098 14886 15124 17888 21268 15725 18991 17878 17148
15218 15160 15831 17086 20590 16786 16489 17057 17633
15247
15180
15402
Average 15349 14912 15566 25572 22062 16299 18200 17156 16073
§TD M1 238 a8s 14009 1994 536 055 e7? 1080
Coefficient of Variation 2 2 2 55 ] 3 6 4 6
3 % Change 3 1 67 “ 6 6 12 1"
i
| indentation Hardness:
Reading 57 54 57 &1 58 60 58 60 81
ASTM D2240 50 52 56 [ €1 57 58 ] &1
| {with TYPE D DUROMETER) 54 50 57 61 sg 58 80 ] . e3
| 50 58 ss s7 58 L] ) 80 &3
; 82 58 55 0 56 59 L] 81 3]
85
58
58
58
54
Average 55 54 58 80 &8 58 59 60 62
STD 3 4 1 2 2 2 1 0 1
Coefficient of Variation 8 7 3 4 3 1 2
% Change o 3 1 s s s 10 13 o
Specific Gravity:
ASTM D792, Method A 0.948 0.845 0.935 0.951 0.939 0.941 0.941 0.850 0.641
0.842 0933 0.843 0.945 0.543 0.948 0.540 0.951 0.547
0837 0.640 0548 0.947 0.644 0.942 0.542 0.048 0.844
0945
0837
0.948
Average 0943 0938 0.642 0.948 0.542 0.943 0.941 0.950 0.944
STD 0.005 0.008 0.007 0.003 0.003 0.003 0.001 0.001 0.003
Coefficient of Variation ] 1 1 0 [} 0 0 0 0
% Change -0.39 0.1 0.49 011 0.00 021 0.74 0.11
Environmental Stress Crack Resistance:
ASTM D1693, Condition B
Machine Direction (% Failed) NA [ o 0 (] 0 [ 0 ]
Transverse Direction (% Failed) NA o 0 0 0 ] 0 0 0
Page 6 of 9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

Mo

Report Date: March 06, 1995 Exposure Time angd Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
" Test Parameters 23C 50C 23C 50C 23C 50C 23C °~  50C
Puncture Resistance:
Load @ Rupture (ibs) 121 126 122 125 123 124 127 128 127
FTMS 101C Method 2065 119 125 123 122 123 121 123 127 127
124 122 122 121 123 122 123 125 125
119
124
127
Average 122 124 122 123 123 122 124 127 126
STD 3 2 1] 2 [} 1 2 1 1
Coefficient of Variation 2 1 ] ] [} ] 2 1 1
% Change 2 o 1 1 ] 2 4 4
Sirain @ Ruplure (in) 0.28 0.43 0.43 0.38 043 044 044 045 0.46
FTMS 101C Method 2065 0.25 0.43 0.42 041 044 0.41 Oas 0.44 0.44
0.40 0.43 0.39 0.44 0.40 0.44 043 0.43 0.43
.24
0.24
0.40
Average 0.30 0.43 0.4¢ 041 0.42 043 0.44 0.44 0.44
STD 10.07 0.00 0.02 0.02 0.02 0.01 0.00 0.01 0.0t
Coefficient of Variation 23 o 4 [ . 3 1 2 3
% Change a 37 38 40 43 45 45 a7
Volatiles and Extractables:
‘achine Diameter Change (%) 025 0.88 -0.13 0.40 -0.70 0.35 0.80 0.13 0.43
. W 870 - Appendix 11i-D £.25 -0.80 0.23 £.53 088 058 083 -0.08 -0.37
P 042
; 038
Average :  om 0.84 0.18 ©.47 065 045 087 0.1 040
81D 0.08 0.0¢ 0.05 0.06 0.01 0.10 0.07 0.03 0.03
Volatiles and Extractables:
Transverse Diameter Change (%) 0.28 0.43 0.08 0.10 055 0.18 048 0.18 0.10
SW 870 - Appendix iti-D 0.03 0.48 0.12 038 0.08 0.03 0.55 020 0.15
. 0.33
N 0.20
Average 0.20 0.48 0.02 0.24 0.24 0.14 0.52 0.19 0.13
STD 0.4 0.02 0.10 0.14 0.1 0.08 0.04 0.01 0.02
% Volatiles 0.04 0.05 005 005 009 0.08 043 0.05 0.12
SW 870 - Appendix IH{-D ' 0.0¢ 0.05 0.08 0.06 007 0.08 0.14 0.04 0.10
0.04
0.04
Average 0.04 0.05 0.08 0.08 0.08 0.08 0.14 0.05 0.11
8TD 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01
% Extractables 0.08 0.2 0.12 013 008 0.04 0.03 011 0.4
SW 870 - Appendix 11I-D 0.07 0.08 0.42 0.10 0416 003 0.02 0.0 0.15
0.08 -
0.07
rerage 0.07 0.11 0.12 0.12 0.12 0.04 0.03 0.1 . 045
0 0.01 0.02 0.00 0.02 004 0.01 0.01 0.00 0.00
Page 7 of 8
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Exposed to Sodium Hydroxide Solution
MDN
Report Date: March 06, 1985 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Tear Resistance:
ASTM D1004 58 70 14 &8 86 66 13 =] 67
(Ibs) 59 69 63 68 &7 64 65 86 68
Machine Direction 58 7 68 87 66 65 56 68 67
59
58
59
Average 59 70 ] ] 6 85 85 68 67
STD 1 1 1 1 1 1 1 0 1
Coefficient of Variation 1 1 1 2 1 [+} 1
% Change 20 18 16 13 1" 12 € . 15
Tear Resistance:
ASTM D1004 58 89 9 68 1] 7] 58 87
(lbs) 8 68 87 67 1] 64 €6 88 87
Transverse Direction (1] ] L1 a7 [ 85 88 67
58
58
57 .
Average 57 -] ] 14 (] 64 ] 68 87
STD 1 1 1 1 1 1 [} [ [*}
Coefficient of Variation 2 2 ] 1 1 [} 0
% Change 2 20 18 20 13 16 19 18
Hydrostatic Resistance:
ASTM D751 -] 585 600 580 800 585 570 610 600
(psi) 505 500 595 885 590 580 560 590 600
590 595 810 580 590 580 580 820 610
005 .
505
500
Average 595 593 802 585 562 582 570 607 603
§TD 5 3 s s [ 3 10 15 [
Coeflicient of Variation 1 [} 1 1 1 0 2 3 1
% Change £ 1 -2 ¥ ] 2 -« 2 1
Hydrostatic Resistance:
ASTM D751 11.90 1287 11,89 878, 10.6¢ 742 . 1328 11.62 7.44
time to burst (sec) 12.62 1235 12.90 0.62 11.88 8.56 .54 1322 8.85
12.44 12.84 1363 1156 11.48 9.9 10.10 11.48 8.75
1263
1150 R
12.03
Average 12.99 12.09 1274 2.85 1127 8.49 863 12.10 8.61
STD 0 [+ 1 2 1 1 1 1 1
Coefficient of Variation 4 2 8 17 5 16 17 8 13
% Change 4 H -21 - -3 2 -1 -29
Page B of 8
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS
Exposed to Sodium Hydroxide Solution

MDA
Report Date: March 06, 1995 Exposure Time and Temperature Quality Review
Baseline 30 Day 60 Day 90 Day 120 Day
Test Parameters 23C 50C 23C 50C 23C 50C 23C 50C
Seam Peel Adhesion:
ASTM D4437 (lbs) 153 1239 142 138 142 150 147 158 156
157 149 141 143 140 145 148 150 150
154 140 140 147 137 150 148 45 158
155 135 141 133 138 149 145 140 150
155 134 149 145 145 151 147 146 149
161 144 140 134 137 145 147 154 154
154
154 -
153
154
160
153
Average 155 140 142 140 140 148 146 148 153
STD 3 5 3 ] 3 2 1 [ 3
Coefficient of Variation 2 4 2 4 2 H 1 4 2
% Change <10 E ] -10 -10 - - -4 -2
Failure Mode (FTB = All Film Tear Bond) FT8 FTB FTB FTB FT8 FTB FTB F18 FT8
Shear Seam Strength:
Shear Seam Strength (Ibs) : 168 157 151 154 158 157 185 156 155
ASTM D4437 168 158 151 154 156 157 155 157 155
168 185 152 150 157 155 154 185 140
167
169
167
“verage 188 156 151 153 157 156 155 156 180
. J0 1 1 [ 2 1 1 [ 1 7
Coefficient of Variation S 1 o 1 1 1 0 1 5
% Change 7 -10 £ ] -7 -8 7 -11
Page 90of 9
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Dimensional Stability Data
#pA
Report Date: March 05, 1995 Exposure Time and Temperature Quality Review
30 Day 60 Day 90 Day 120 Day

. est Parameters Temp. Baseline  Exposed % Change  Baseiine Exposed % Change Baseline Exposed % Chenge Baseline Exposed % Change

GEOMEMBRANE: NATIONAL SEAL 80 mil SMOOTH HDPE exposed to Organic Solution in Butanol

Thickness (mils} 23C 85 81 “7 865 2 47 87 &3 48 85 82 s
s0C 85 81 A7 85 81 58 8s 81 47 87 82 47
Length (inches) 23C 9.98 10.01 0.3 10.08 10.11 0.2 10.08 10.15 0.7 10,04 10.09 0.5
50C 10.15 1020 0.5 10.02 10.08 04 1003 10.07 0.4 10.01 1007 06
Width (inches) 23C 7.86 1.89 0.4 798 801 04 7.92 7.96 05 . 8.00 8.02 02
$0C 7.93 7.96 0.4 796 800 0S 7.99 8.03 0.5 7.7 8.00 o4
Mass (g) 23C 97.82 96.43 0.6 100.28 100.85 134 99.60 100.73 11 99.79 100.76 1.0
50C 100.44 101.38 0.9 5.5 100.72 11 100.18 10170 1.5 99.37 100.50 1.5

GEOMEMBRANE: NATIONAL SEAL B0 mil SMOOTH HDPE exposed to Organic Solution in Water

Thickness (mils) 23¢ 81 81 0.0 81 2 12 82 ez 0.0 82 83 12
s0C 82 81 1.2 81 (3] 00 82 82 0.0 a2 2 0o
Length (inches) ¢ 10.06 10.08 02 10.03 10.04 01 10.04 10.07 0.3 10.03 10.12 03
’ s0C 10.05 10.10 0.5 10.01 10.02 0.1 10.03 10.05 0.2 $.98 10.01 03
Width (inches) 23¢c 7.97 7.99 0.3 8.02 8.04 02 8.0 8.05 0.6 797 8.01 0s
50C 8.03 8.03 0.0 7.92 7.83 01 1.97 7.98 0.1 7.88 793 05
Mass (g) 3¢ 100.75 100.88 0.1 101.79 101.54 0.1 10177 101.95 0.2 101.74 101.95 0.2
50C 101.90 102.09 0.2 99.42 99.60 02 101.36 101.62 03 89.19 99.49 03

~age 1 of 2
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TABLE OF CHEMICAL COMPATIBILITY TEST RESULTS

Dimensional Stability Data
mon
Repori Date: March 06, 1995 Exposure Time and Temperature Quaiity Review
30 Day 60 Day 90 Day 120 Dy

Test Parameters Temp. Baseine  Exposed % Change Baseline Exposed % Change Baseine  Exposed % Change Baseline  Exposed % Change

GEOMEMBRANE: NATIONAL SEAL 80 mil SMOOTH HDPE exposed to Water Based Mixture of Metal Nitrates and Nitric Acid

Thickness (mils) 23C 82 81 4.2 82 82 0.0 82 82 1] 81 82 1.2
50C 82 L1 42 B2 ] 0.0 81 81 0.0 82 82 0.0
Length (inches) 23C 10.03 10.03 1] 10.03 10.05 0.2 10.07 10.08 0.1 8.95 9.57 0.2
50C 10.0% 10.02 [X] 1004 10.08 04 10.07 5.87 .10 e.99 10.02 03
Width (inches) 230 7.9 783 03 1.87 199 03 197 799 03 7.95 799 0.4
50C 783 7.97 o5 7.99 8.01 0.3 1.87 7.96 01 7.95 7.96 0.1
Mass (g) 23C 100.12 10018 . 0% 101.28 101.33 0.0 101.67 101.74 01 99.40 93.47 0.1
50C 100.59 100.72 0.0 101.68 104.74 0.1 99.52 95.67 02 10023 100.28 0.0

GEOMEMBRANE: NATIONAL SEAL 80 mil SMOOTH HDPE exposed to Sodium Hydroxide Solution

Thickness (mils) 23¢ a2 84 1.2 L1 81 0.0 (1] 3] 00 82 23 1.2
81 8% 0.0 81 81 0.0 81 80 1.2 8 81 0.0
Length (inches) 23C 10.00 10.00 00 10.03 10.05 0.2 10.06 1013 07 8.97 10.02 0.5
s0C 10.05 10.06 ©.0 9.98 9.99 0.1 10.01 10.00 01 10.03 10.06 0.3
Width (inches) 23¢C 8.00 8.01 01 8.01 8.01 0.0 8.01 8.03 02 7.93 796 0.4
50C 7.54 795 o1 8.01 8.02 0.1 783 7.87 0s 7.96 7.7 0.1
Mass (g) 23C 100.85 100.82 0.0 100.63 10063 0.0 100.81 101.04 02 10083 100.90 0.1
soC 99.45 9956 01 100.19 100.19 0.4 95.06 %23 0.2 99.24 99.38 04

Page 2 of 2
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