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1. INTRODUCTION 

1.1 PurDose of Report 

This report presents the results of a study designed to evaluate the leachate 
compatibility characteristics of high-density polyethylene (HDPE) geomembrane 
materials that are candidates for use as components of both the liner and fiial cover 
systems for the On-Site Disposal Facility (OSDF) at the Fernald Environmental 
Management Project (FEMP), located in Fernald, Ohio. The FEMP is undergoing 
remediation pursuant to the Comprehensive Environmental Response, Compensation, 
and Liability Act (CERCLA). In order to address applicable or relevant and 
appropriate requirements ( A R A R s )  derived from the Ohio Administrative Code (OAC) 
Chapter 3745-27 (Ohio Environmental Protection Agency (OEPA) Solid Waste Disposal 
Regulations), and identified in the Final Record of Decision for Remedial Actions at 
Operable Unit 2 (OU2 ROD) [DOE, 1995a1, a leachatelliner compatibility work plan 
(LLCWP) [GeoSyntec, 1996al was developed. This report documents results of testing 
performed by the Fluor Daniel Fernald (FDF) and GeoSyntec Consultants (GeoSyntec) 
in accordance with the LLCWP and presents conclusions based upon those results. 

The LLCWP comprised two main parts. Part I described the activities that were 
undertaken to compile available data and develop findings on the likely performance of 
HDPE geomembranes when exposed to OSDF leachate. The main elements of Part I 
included: 

developing a rationale for focusing the LLCWP on HDPE geomembranes; 

evaluating the likely chemical and radiological characteristics of leachate 
produced by the OSDF; 

discussing the results of a review of available information on the impacts of 
radiation and chemicals on HDPE geomembranes; and 

1-1 97.06.04 
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deriving conclusions and recommendations from the results of the information 
review. 

Part I1 of the LLCWP described a testing program developed to provide adequate 
information for design of the OSDF and to satisfy the ARARs.  Part I1 established the 
key components of the testing program, which included: 

collecting perched ground water from an on-site source at the FEMP; 

using this perched ground water as test leachate in the geomembrane 
immersion testing; 

fabricating geomembrane immersion cells; 

immersing candidate geomembrane spechens in the test leachate; 

testing the geomembrane specimens under pre-immersion and post-immersion 
conditions; 

analyzing the laboratory test results; and 

summarizing the results and developing the conclusions. 

This report presents the results and findings from the testing program described 
in the LLCWP. 

1.2 Organization of ReDort 

This leachateiliner compatibility final report (LLCFR) is organized as follows: 

a summary of key points from the LLCWP regarding the selection of HDPE 
geomembranes for evaluation, the selection of an appropriate test leachate, the 
review of available information relevant to the chemical compatibility of 

GE3900-07.4/F9630165. CDO 1-2 97.06.04 
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a summary of the chemical compatibility test results, including a brief 
description of the candidate geomembranes, study participants, experimental 
details, test methodologies, and characteristics of the properties tested is 
presented in Section 3; this section also includes a discussion of the results of 
environmental stress crack resistance testing of the candidate geomembrane 
materials; and 

HDPE geomembranes, and quality assurancelquality control requirements of 
the testing program is presented in Section 2; 

conclusions based upon the results of the testing program are given in 
Section 4. 

1-3 97.06.04 
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2. 

2.1 Overview 

SUMMARY OF KEY POINTS FROM LLCWP 

The focus of the LLCWP was to: (i) establish a rationale for selecting candidate 
HDPE geomembrane materials for testing; (ii) establish a rationale and protocols for 
selecting, collecting, and analyzing on-site FEMP perched ground water to be used as 
test leachate; (iii) review information on leachatelliner compatibility, especially as it 
relates to conditions anticipated for the FEMP OSDF; and (iv) describe procedures for 
testing, evaluation, and reporting test results; and (v) present requirements for quality 
assurance and quality control of the testing program. Each of these items is briefly 
discussed below. 

2.2 Selection of HDPE Geomembranes 

As discussed in the LLCWP, geosynthetic components proposed for use in for the 
FEMP OSDF, and their associated polymeric materials, need to be evaluated for 
chemical and radiological leachate compatibility. This evaluation was initiated in the 
LLCWP and consisted of (i) identifying each of the proposed geosynthetic components 
and describing its physical characteristics; (ii) outlining the primary function and 
composition of each geosynthetic component, and the status as to whether the particular 
geosynthetic component requires compatibility testing and evaluation; and (iii) providing 
a general description of the polymeric material that will be used for the selected 
geomembranes. 

Based on the evaluation in the LLCWP, the critical elements of the liner system 
design from the standpoint of leachate compatibility were identified as the two 80-mil 
(2.0-mm) thick HDPE geomembranes. Therefore, the leachateher compatibility 
testing program focused on HDPE geomembranes. Other geosynthetic materials were 
not considered in the 1eachateAiner compatibility testing program. 

GE3900-07.4/F9630165 .CDO 2- 1 97.06.04 
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It was also noted in the LLCWP that the OSDF design requires the use of HDPE 
pipes in the leachate collection system (LCS), leak detection system (LDS), and 
leachate transmission system (LTS) . Results of leachate compatibility tests on HDPE 
geomembranes can also be used to draw conclusions on the chemical and radiological 
compatibility characteristics of HDPE pipes. In particular, HDPE pipes should be more 
resistant to impacts from leachate than HDPE geomembranes in the OSDF because: 
(i) HDPE pipes are made from a higher density polymer resin than HDPE 
geomembranes and, as discussed in the LLCWP, the higher the polymer density, the 
greater the resistance of the polymer to radiological or chemical attack; and (ii) the 
HDPE pipe walls will be significantly thicker than the HDPE geomembranes. 

2.3 Selection of Test Leachate 

The likely composition of the leachate that will be generated within the OSDF was 
assessed in the LLCWP, and an appropriate analog to the anticipated OSDF leachate 
was developed. That analog was then used to select an on-site source of test leachate 
best matching the radiological and chemical characteristics of the OSDF leachate 
analog. The procedure for selecting an appropriate test leachate included: 
(i) characterizing the composition of the impacted material that will be disposed in the 
OSDF; (ii) reviewing information on leachate composition from other facilities; 
(iii) evaluating perched ground water from beneath the FEMP as an analog to OSDF 
leachate; and (iv) presenting the findings of the information review activities and 
developing a profile for the likely OSDF leachate composition. 

The results of the technical information review identified leachate quality data that 
were relevant to establishing the characteristics of the anticipated OSDF leachate. 
However, the available data on leachate having the same radiological constituents as the 
impacted materials destined for the OSDF were limited, as were data from facilities 
with a materials-mix similar to that of the materials destined for the OSDF. The results 
of the LLCWP effort suggested that perched ground water from beneath the FEMP 
represents the best available analog to the anticipated OSDF leachate, particularly with 
respect to the potential radiological constituents of the leachate. 

GE3900-07.4/F9630165 .CDO 2-2 97.06.04 
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Since OSDF leachate will be generated by the infiltration of water through the 
impacted materials placed in the OSDF, the product of present-day infiltration of 
surface water (primarily precipitation) through impacted on-site material. at the FEMP 
(such as near surface soil and other media) could be considered an appropriate analog 
to the expected OSDF leachate. This analogy is based in part upon the current plan 
that about 80 percent of the impacted material to be placed in the OSDF will be soil 
excavated from the FEMP during remediation. 

The soil component of the impacted material mix is important to the generation of 
leachate for two reasons. First, the mineralogic composition of impacted soil will 
influence leachate composition. Second, the soil at the FEMP has been variably 
impacted by infiltration of surface water from the former production area. 
Consequently, perched ground water in the existing overburden material beneath the 
former production area likely contains chemical and radiological constituents that will 
be present in the OSDF leachate. Further support for the use of impacted perched 
ground water as an analog to the OSDF test leachate is provided in the results of fate 
and transport modeling performed for the Final Feasibility Study for Operable Unit 5 
[DOE, 1995bl. 

Key conclusions from the LLCWP relating to the selection of an appropriate test 
a 

leachate included: 

Radionuclides that could potentially affect HDPE have been found at the 
FEMP. However, the concentrations of radionuclides within the OSDF 
leachate are expected to be so low that the requisite properties of the HDPE 
geomembrane should not be affected. This expectation is supported by 
experiments in the fields of nuclear physics and nuclear engineering indicating 
that there should be only negligible effects upon HDPE for the energy levels 
and doses anticipated for the OSDF. In order to support this finding, 
chemical compatibility testing was conducted using perched ground water 
having the highest radioactivity available at the FEMP site as an analog for 
a "worst-case" OSDF leachate. 

2-3 97,06.04 
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Based upon analogy with FEMP perched ground water, it is anticipated that 
the OSDF leachate will have a pH between 6 and 7, be mildly oxidizing, have 
major ion chemistry derived mainly from the soil destined for OSDF disposal, 
contain concentrations of VOCs below any threshold concentrations for HDPE 
impacted, and have very low levels of dissolved radionuclides. The perched 
ground water used as test leachate in the chemical compatibility testing also 
has these characteristics. 

The FEMP perched ground water used as the test leachate was collected from the 
Plant 6 Clarifier Pit (designated location number 1614 by FERMCO), which is located 
in the basement of Plant 6. The Clarifier Pit is used to collect perched ground water 
that infiltrates into the basement of Plant 6. Chemical analyses conducted on a 
composite sample of the water collected from the Plant 6 Clarifier Pit and used as the 
test leachate included volatile and semivolatile organic compounds, metals, general 
water quality parameters, and radioisotopes. A complete list of the chemical analyses 
performed is provided in Table 6-2 of the LLCWP. The analytical laboratory results 
and data validation reports are given in Appendix A of this Leachate/Liner 
Compatibility Final Report (LLCFR) . 

To verify that the perched ground water used as the test leachate is a conservative 
a. 

analog to the anticipated OSDF leachate, the chemical data obtained for the test leachate 
have been compared to existing information on the ranges of chemical concentrations 
obtained from analyses of samples of perched ground water collected from locations 
throughout the FEMP. The results of this comparison are presented below. 

The concentrations of inorganic and organic constituents of concern (COC) 
in the test leachate are within, or exceed, the range of concentrations for 
COCs identified in FEMP perched ground water (Table 2-1) with the 
exception of phenol. This compound is present in the test leachate, but at 
concentrations less than the range for FEMP perched ground water. 
However, with respect to the absolute concentration of this constituent, phenol 
is not present in FEMP perched ground water at concentrations constituting 
a major contaminant at the FEMP [DOE, 1995~1. 

GE3900-07.4/F9630165 .CDO 2-4 97.06.04 ' 
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Chemical Constituent 
and Water Quality Parameter") 

PH 
Specific Conductance &mho/cm) 
Total Dissolved Solids 
Total Organic Carbon 
Chloride 
Calcium 
Magnesium 
Sodium 
Potassium 
Sulfate 

FEMP OSDF-LLCFR-REV o 

FEMP Perched Ground Water 
Range'') OSDF Test Leachate 
6.9 - 7.7 7.2 

470 - 1,170 3720 

1.15 - 9 93 
1.4 - 50 69.1 
74.4 - 155 555 
20.4 - 47.8 131 
5.7 - 56.3 138 
0.89 - 31.5 48.6 
3 - 175 121 

433 - 

TABLE 2-1 

, .  
Phosphorus 
Iron 
Filtered Iron 

SUMMARY COMPARISON OF FEMP OU5 PERCHED GROUND WATER, 
AND OSDF TEST LEACHATE FOR SELECTED 

CHEMICAL CONSTITUENTS AND WATER QUALITY PARAMETERS 

~. ~ . ._ 

0.026 - 0.18 
0.25 - 6.4 
0.05 - 4.9 

Manganese 
Phenol 
Nickel 
Arsenic 

1 Barium 

Chromium 

Lead 

Selenium 
Silver 
Zinc 

Trichloroethene (pg/l) 

Cadmium 

Copper 

Mercury 

Tetrachloroethane (&I) 

1 NitratelNitrite-Nitrogen I 0.012 - 0.3 I 336 

0.0025 - 0.22 0.870 
0.007 - 0.03 .0056 
0.021 - 0.026 0.117 
0.004 - 0.12 0.0075 
0.034 - 0.45 0.227 
0.006 - 0.007 
0.006 - 0.035 0.0176 
0.035 - 0.03 0.085 

0.0014 - 0.0087 0.002 
0.0004 0.0001 

ND 0.0076 
0.011 - 0.052 0.0848 
0.01 - 0.044 0.0894 
39 - 10,000 90 
1 - 10,000 650 

I I 1.62 Ammonia (N) 0.1 - 4.5 
Alkalinitv (CaC03 313 - 430 960 

GE3900-07.4/F9630165 .CDO 2-5 97.06.04 



0 

82 '7  

FEMP OSDF-LLCFR-REV 0 

The concentration of total uranium in the test leachate exceeds the range of 
concentrations detected in FEMP perched ground water (Table 2-2). 
Concentrations of neptunium-237 and strontium-90 in the test leachate are 
generally less than, but within an order of magnitude of, the range of 
concentrations for FEMP perched ground water [DOE, 1995~1. 

The total uranium concentrations and activities of technetium-99 and uranium- 
238 in the test leachate substantially exceed those of the modeled leachate 
concentration developed for the feasibility study (FS) for OU5 [DOE, 1995bl. 
The activities of neptunium-237 and strontium-90 in the test leachate are 
about two orders of magnitude lower than the modeled leachate (Table 2-2). 
In total, however, the radiological activity of the test leachate exceeds the 
radiological activity of the model leachate by approximately a factor of five. 

Based on the above comparison, it is appropriate to consider the test leachate as 
representative of the "highest activity" FEMP perched ground water and as a 
conservative analog for OSDF leachate. 

2.4 Review of Available Information 

The LLCWP contains the results of a review of available information regarding 
the potential for leachate containing chemical and radiological constituents anticipated 
for the OSDF leachate to impact HDPE geomembranes. The major impacted material 
constituents considered in the review of available information are volatile organic 
compounds and radionuclides. The conclusions of the information review are as 
follows: 

The concentrations of volatile organic compounds (VOCs) in the anticipated 
OSDF leachate are less than the concentrations of VOCs typically found in 
hazardous waste (HW) and municipal solid waste (MSW) landfills. The 
results of compatibility testing of HDPE geomembranes and HW and MSW 
leachate have shown no measurable effect of leachate immersion on the 
mechanical properties of HDPE geomembranes. 

GE3900-07.4/F9630165 .CDO 2-6 
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TABLE 2-2 

SUMMARY COMPARISON FOR PREDOMINANT RADIONUCLIDES 

AND OSDF TEST LEACHATE 
IN FEMP TYPE I WELLP), MODEL coc CONCENTRATIONS(*), 

Unit of 
Measurement"' 

FEMP Type I 
Wells 

Model COC OSDF Test 
Concentrations Leachate 

56.6 64262 

-(6) 220000 

Radionuclide 

Technetium-99 pCi/L 
~~ ~ 

15.8-6130 

Uranium-234 pCi/L 0 .OO 1-25000 

Uranium-2351236 pCi/L 0.208-2490 I 29000 I 
Uranium-238 pCi/L 0.300-39000 240000 

582000 Uranium, total 0.400-436000 

pCi/L Neptunium-237 0.626") 

Strontium-90 pCi/L ' 1.01 - 7.68 37.9 I 0.33 I 

Notes: (1) After Table 5-3 of DOE [1995b] =. OU5 FS. 
(2) After Table H.l-1 of DOE [1995b]. 
(3) Analyses were performed on unfiltered samples. 
(4) Unit equivalents: pg/L = ppb; pCi = 0.037 disintegrations/second. 
( 5 ) .  Neptunium-237 was detected in only one sample. 
(6) No constituent activity value reported. 

GE3900-07.4/F9630165 .CDO 2-7 97.06.04 
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HDPE is likely insensitive to alpha- and beta-particle interaction at the low 
total doses and dose rates anticipated for the FEMP OSDF leachate. 
However, available data are very limited and FEMP OSDF-specific testing 
is needed to confirm this conclusion. 'The leachatelliner laboratory testing 
program described in this report was performed to generate the needed 
additional data. 

2.5 Procedures for Testing, Evaluation, and Reportine 

Parts I1 and I11 of the LLCWP presents detailed requirements for testing, 
evaluation, and reporting for the leachateher compatibility testing program. A 
summary of the testing and evaluation requirements is given in Section 3 of this report. 
This report has been prepared to satisfy the reporting requirements of the LLCWP. 

2.6 

2.6.1 Overview 

Reauirements for Oualitv Control and Oualitv Assurance 

The need for quality assurance/quality control (QA/QC) programs is identified in 
the Sitewide CERCLA Quality Assurance Project Plan (SCQ) [DOE, 19921. The SCQ 
developed requirements for the internal control and independent review of 
implementation and effectiveness of project work plans (i.e., the LLCWP). Two main 
elements of the LLCWP were covered by QA/QC programs: (i) sampling and analysis 
of FEMP perched ground water; and (ii) the laboratory testing of geomembrane 
specimens. Overall implementation of the LLCWP is covered by the SCQ. The 
QA/QC program for analysis of perched ground water is covered under specific 
portions of the SCQ. QA/QC for testing of geomembrane specimens follows the 
GeoSyntec Materials Testing Laboratory (MIZ)  Policies and Procedures Manual 
[GeoSyntec, 1996bl. A summary of the QA/QC programs for the two main elements 
is provided below. 
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2.6.2 Perched Ground Water Sampling and Analysis 

The quality assurance program for the sampling and analysis of the perched ground 
water followed FEMP analytical support levels (ASLs) By C, and D, as required in the 
LLCWP. The ASL prescribes quality control checks for qualitative, semi-quantitative, 
and quantitive analyses. The quality elements of ASL C and D include: sample 
collection procedures; field QA/QC samples (i.e. , duplicate and blank samples); 
laboratory QA/QC samples (matrix spikelmatrix spike duplicates, calibration standards); 
and data validation. 

Perched ground-water sample collection was performed by FDF personnel in 
accordance with the Project Specific Plan for Sampling of Perched Ground- Water 
Leachate/Liner Compatibility Study [FERMCO, 19961. Field measurement of pH, 
specific conductance, total dissolved solids (TDS) , and redox potential were conducted 
under ASL B protocols. Sampling and analysis for general water quality parameters, 
volatile organic compounds (VOCs), and phenols were conducted under ASL C 
protocols. Only sampling and analysis for radioisotopes followed ASL D protocols. 

Validation of the analytical laboratory data was performed by FDF personnel. 
Copies of data validation summary reports are provided in Appendix A together with 
analytical laboratory data sheets; Based on the validation reports, the analytical data 
for the perched ground water with appropriate validation meet their respective ASL 
quality requirements and are of good quality. 

2.6.3 Laboratory Compatibility Testing Program 

Geomembrane specimen testing for this leachateher compatibility study was 
conducted in accordance with the GeoSyntec Mi2 Policies and Procedures Manual. 
Every employee at MTL is responsible for complying with this manual. The quality 
system in this manual consists of a number of control documents including: laboratory 
organization and personnel, quality assurance procedures, standard operating 
procedures, laboratory equipment identification, equipment documentation, personnel 
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training and laboratory health and safety. In addition, procedures are prescribed for the 
following : 

identification and traceability; 

training of personnel; 

calibration of testing equipment; 

standardized test methods; 

inspection of test results and accountability; and 

statistical analysis. 

Identification and Traceability 

Each candidate geomembrane product was assigned an identification number 
traceable to the vendor. The identification numbers were issued chronologically by date 
and recorded on a product sample log. Pursuant to ASTM D 4873, identification 
included: (i) 'manufacturer; (ii) style number; (iii) roll number; and (iv) machine 
direction. 

0 

Training of Personnel 

MTL personnel used for the testing program were trained as required by the MTL 
Procedures Manual. Training was in accordance with the GeoSyntec MTL Policies and 
Procedures Manual. Only personnel with demonstrated competence in specific test 
procedures and certified by GeoSyntec to conduct the tests were used. Certification is 
documented in training status logs of each employee and are retained in personnel 
records. 
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Calibration of Testing Equipment 

Equipment used for testing was calibrated in accordance with the GeoSyntec MTL 
Policies and Procedures Manual. Calibration records are maintained for instrumentation 
requiring scheduled calibrations. Calibrations are conducted by independent sources 
and are traceable to National Institute of Standards and Technology (NIST). These 
include: ASTM E 74-91 , Mil Std 45662A, IS0 9001 , and ISO/IEC25. 

Standardized Test Methods 

Geomembrane testing conducted for the leachateher compatibility study was 
performed in accordance with ASTM and FTMS test procedures for all tests for which 
procedures exist. Laboratory data sheets contained in the appendices to this report 
show the test method used and, when applicable, special test conditions, if different 
from the standard-prescribed conditions. 

Validation of Test Results and Accountability 

Test results were recorded on raw data sheets, or were automatically entered in a 
database for computer automated tests. Original data sheets were initialed by the 
technician performing the test. The results are therefore traceable to the technician who 
performed the test. Laboratory report sheets which report test results also include the 
initials of technicians who conducted the tests, to provide accountability of the test 
results. Lastly, test results were reviewed and approved by the chemical compatibility 
department manager prior to acceptance. 
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3. SUMMARY OF TEST RESULTS 

3.1 Geomembranes Tested 

The following manufacturers of smooth 80-mil (2 .O-mm) thick HDPE 
geomembrane provided samples that were tested in this leachateher compatibility 
study: 

Gundle-SLT Environmental (GSE) Lining Technology, Inc., Houston, Texas; 
GSE Lining Technology, Inc. provided two samples for testing, one 
manufactured using a blown film process (GSE-Gundle), the other 
manufactured using a cast extrusion process (GSE-SLT); 

National Seal Company, Inc. (NSC), Galesburg, Illinois (cast extrusion); 

Poly-Flex, Inc. (Poly-Flex), Grand Prairie, Texas (blown film); and 

Serrot Corp. (Serrot), Henderson, Nevada (cast extrusion). 

Samples of each type of geomembrane were shipped by their respective 
manufacturers to the GeoSyntec MTL in Boca Raton, Florida. The resin and roll 
certifications for each geomembrane sample are provided in Appendix C. 

3.2 Testing Participants 

Personnel .from both on-site and off-site facilities were involved in this 
leachate/liner compatibility study. FDF personnel provided on-site laboratory services 
which included test leachate collection, exposure monitoring, sample decontamination, 
coupon disposal, and test leachate disposal. Personnel from the GeoSyntec MTL 
provided off-site laboratory services which included USEPA Method 9090 testing on 
unexposed (baseline) and exposed geomembranes, infrared (IR) spectroscopy, and 
environmental stress crack resistance (ESCR) testing. 

3-1 
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3.3 ExDerimental Details 

3.3.1 Exposure Conditions 

Tests were conducted in accordance with USEPA Method 9090 on samples of the 
HDPE geomembranes exposed to FEMP perched ground water for time periods of up 
to 120 days. Samples were exposed at temperatures of 23°C (73°F) and 50°C (122°F). 
Specific details on exposure conditions are provided below. Details of this test method 
are given in the LLCWP. 

3.3.2 Exposure Cells 

Ten- exposure cells (one for each g-amembr nehemperature combination) were 
fabricated from stainless steel (Grade 304) steam table pans measuring 6 in. x 12 in. 
x 20 in. (150 mm x 300 mm x 500 mm) and lids measuring 12 in. x 20 in. (300 mm 
x 500 mm). Butyl rubber gaskets were adhered to the underside of the rim of each lid. 
The cells were hermetically sealed using a circumferential aluminum flange. 0 
3.3.3 Temperature Control 

The cells were fitted with Polystat Model H-12002-00 analog circulators, each 
circulator having constant temperature control from approximately 5 "C (41 O F )  above 
ambient temperature to 100°C (212°F). To minimize effects of ambient temperature 
fluctuations in the laboratory, cooling coils were attached to each 23°C (73°F) 
circulator and connected in a closed loop to a Polystat Model 01238-00 cooling 
recirculator, to maintain the USEPA Method 9090-specified temperature of 23 "C 
(73°F) in the cells during the exposure tests. 
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3.3.4 Maintenance of Test Leachate 

To minimize stagnation and stratification of the test leachate (Le., perched ground 
water) in the exposure cells, the test leachate was continuously circulated using the 
Polystat analog circulators. In addition, the test leachate in the exposure cells was 
replaced with fresh perched ground water after every exposure period. The perched 
ground water was stored in the laboratory in HDPE drums during the exposure test. 

3.3.5 HDPE Coupons 

Four coupons measuring 5.5 in. x 10.6 in. (140 mm x 270 mm) were prepared for 
each exposure period/temperature combination for a total of 16 coupons per exposure 
cell (30, 60, 90, and 120 days). Each coupon was individually numbered according to 
manufacturer, exposure period, coupon number, and sample tracking number. The 
mass, thickness, length, and width of each coupon were measured and recorded prior 
to exposure to the test leachate. 

3.3.6 Post-Exposure Preparation of Coupons 

After retrieval from the exposure cells, the exposed coupons were rinsed in a soap 
solution to remove excess test leachate and any residual solid constituents. In addition, 
the coupons were cleaned in a 90-minute ultrasonic wash using a 10 percent solution 
of laboratory detergent and water to remove any material surfkally imbedded in the 
coupons. To maintain consistency in the treatment of the exposed and unexposed 
coupons, the unexposed coupons were also treated to the same wash at every exposure 
period. 

3.3.7 Baseline Tests 

As a means of quality control in the post-exposure test results, baseline tests were 
conducted on unexposed coupons after 'every exposure period concurrently with the 
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testing of exposed coupons. These samples are hereinafter referred to as the control 
samples. 

3.4 Test Methodolorries 

3.4.1 Overview 

The HDPE geomembrane samples were tested for compatibility with the test 
leachate using the USEPA Method 9090, and surface analysis by infrared 
spectrophotometry. Stress crack resistance of the HDPE geomembranes was assessed 
using the Notched Constant Tensile Load (NCTL) test performed in accordance with 
ASTM D 5397. 

3.4.2 Evaluation of Data 

The results from the USEPA Method 9090 tests on the five geomembrane sample 
types were analyzed and interpreted according to the flow,diagram shown in Figure 3-1. 
The attributes of the methodology adopted in Figure 3-1 are described below. 

a 
Analyses criteria and comparison with one standard deviation: Test results 
were analyzed using two distinct criteria based on the similarity of the nature 
of the test samples. Properties for which the same samples were tested before 
and after exposure to the test leachate (i.e., mass, thickness, dimensions, and 
hardness) were analyzed using the same criterion. Properties for which a set 
of samples were used as a control group, and sets of samples were exposed 
to the test leachate at various exposure times and temperatures before being 
tested (i.e., specific gravity, volatiles losses, extractables content, stress and 
strain at yield, stress and strain at break, modulus of elasticity, initial tearing 
resistance, puncture resistance, and Mullen burst strength) were analyzed 
using a different criterion. Methodology adopted for evaluation of test results 
using the two distinct criteria are illustrated in Figure 3-2. 
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FLOW DIAGRAM FOR INTERPRETATION OF USEPA METHOD 9090 TEST RESULTS 
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Temporal trends: Test results, that met the one standard deviation criteria, 
were examined for trends with exposure periods. The methodology used in 
distinguishing between the observed temporal trends are . illustrated in 
Figure 3-3. 

Consistency between temporal and thermal trends: Test results, for those tests 
that exhibited temporal trends, were further examined for consistency between 
temporal and thermal trends. The criteria used in distinguishing between the 
observed consistencies between temporal and thermal trends are illustrated in 
Figure 3-4. 

Consistency between related properties: Test results that exhibited consistent 
temporal trends between temperatures were examined for consistency of 
trends between related properties (Le., a certain trend exhibited in one 

. property was expected to be reflected as a trend in another related property). 
Specific cases of test results that were correlated are described below. 

The inverse relationship of tensile strength and elongation was 
expected to be maintained, Le., an increase in yield strength was 
expected to be accompanied by a reduction in yield strain. 

The .results of physical property tests (Le., mass, thickness, 
dimensions, volatiles loss, thickness, specific gravity) were expected 
to undergo similar changes. For example, an increase in mass 
indicates that the geomembrane has absorbed leachate constituents. 
Consequently, thickness and dimensions should also increase since 
the geomembrane swells slightly when it absorbs leachate 
constituents. 

The mechanical strength properties (Le., hardness, yield stress, 
break stress, modulus of elasticity, initial tearing strength, puncture 
strength, and Mullen burst strength) are expected to undergo similar 
changes. For example, if yield strength increases because of 
leachate, then hardness, break stress, modulus of elasticity, initial 
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tearing resistance, puncture resistance, and Mullen burst strength 
were expected to increase. Likewise, yield and break elongation 
were expected to decrease. 

The results of physical property tests were expected to correlate 
with the results of mechanical property tests. As mentioned above, 
increases in the physical properties generally indicate that a 
geomembrane has absorbed constituents of leachate, which causes 
strength to decrease and elongation to increase. Conversely, 
reductions in physical properties would be expected to be 
accompanied by increases in strength and reductions in elongation. 

3.4.3 USEPA Method 9090 Tests 

The following tests, conducted in accordance with respective American Society for 
Testing and Materials (ASTM) or Federal Test Method Standard (FTMS) standards, 
were used to evaluate properties of the HDPE geomembranes after 0, 30, 60, 90, and 
120 days of exposure to the test leachate: 

Muss: USEPA Method 9090 - "Compatibility Test for Wastes and Membrane 
Liners ; 

Dimensions: USEPA Method 9090 - "Compatibility Test for Wastes and 
Membrane Liners" ; 

Thickness: ASTM D 374C - "Standard Test Method for Thickness of Solid 
Electrical Insulation"; 

Density/Specific Gravity: ASTM D 792 - "Standard Test Methods for Specific 
Gravity and Density of Plastics by Displacement"; 

Volatile Loss: ASTM D 3030 (SW 870) - "Standard Test Method for Volatile 
Matter (including water) of Vinyl Chloride Resins"; 
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Extractubles Content: ASTM D 342I (SW 870) - "Recommended Practice for 
Extraction and Analysis of Plasticizer Mixtures from Vinyl Chloride Plastics"; 

Hardness: ASTM D 2240 - "Standard Test Method for Rubber Property -- 
Durometer Hardness" ; 

Tensile Properties: ASTM D 638 -- "Standard Test Method for Tensile 
Properties of Plastics"; 

Znitial Tear Resistance: ASTM D 1004 - "Standard Test Method for Initial 
Tear Resistance of Plastic Film and Sheeting"; 

Puncture Resistance: FllMS IOlC - "Puncture Res is tke  and Method 2065 
Elongation Tests"; and 

Bursting Strength (Hydrostatic Resistance): ASTM D 3786 - "Standard Test 
Method for Hydraulic Bursting Strength of Knitted Goods and Nonwoven 
Fabrics - Diaphragm Bursting Strength Tester Method. - 

Additional Tests 

Surface Analysis 

Surface analyses of the candidate geomembranes were conducted using a Fourier 
transform infrared spectrophotometer (FTIR) . Surface analysis of the geomembranes 
was conducted on samples exposed to the test leachate for 60 and 120 days at 23°C 
(73°F) and 50°C (122°F). In addition, the surface of the control (unexposed) samples 
was evaluated following the 60- and 120-day exposure period. 

Sample preparation for surface analysis of the geomembranes was performed using 
ASTM D 2663, "Standard Test Methods for Carbon Black - Dispersion in Rubbers." 
Spectral energy band identification was performed using ASTM D 276, "Standard Test 
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Methods for Identification of Fibers in Textiles, 'I and "Absorption Spectroscopy of 
Organic Molecules, [Parikh, 19741. ' 

3.4.4.2' Stress Crack Evaluation 

The stress crack resistance of the candidate geomembranes was evaluated only on 
the unexposed samples using ASTM D 5397, "Standard Test Method for Evaluation 
of the Stress Crack Resistance of Polyolefin Geomembranes Using Notched Constant 
Tensile Load Test. In this test, dogbone-shaped test specimens are notched in their 
central region and subjected to tensile loads at various percentages of their yield 
strength while being immersed in a 50°C (122°F) constant temperature bath for up to 
2,000 hours. A solution consisting of 10 percent wetting agent (Igepal CO-630) and 
90 percent water is used for the test immersion. The time to failure at the various 
stress levels provides an indication of the stress crack potential of the geomembrane. 
Stress crack may be defined as an external or internal crack in a plastic caused by 
tensile stresses less than the short-term tensile strength of the plastic. The design life 
of a semi-crystalline geomembrane, such as one manufactured from HDPE, is related 
to the stress crack resistance of the material. Results of the stress crack tests are 
provided in this report. 

a 
3.5 Summary of Results 

The results of the USEPA Method 9090 compatibility testing program are 
summarized in Table 3-1. Detailed descriptions of the results and laboratory data for 
the various tests are provided in Appendix B. No measurable or detrimental effects 
were observed on mass, thickness, dimensions, specific gravity, extractables content, 
stress at yield, strain at yield, strain at break, hardness, puncture resistance, and Mullen 
burst strength of any the five candidate HDPE geomembranes. Test results for volatiles 
losses and stress at break of GSE-SLT geomembrane and modulus of elasticity and 
initial tearing resistance of GSE-Gundle and Serrot geomembranes exhibit consistent 
temporal and thermal trends; however, no detrimental effects are expected due to 
inconsistency between related properties. 
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SUMMARY OF USEPA METHOD 9090 TEST RESULTS 
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The results .of infrared surface analysis (spectra), presented in Appendix D of this 
report, did not reveal any indication of surface oxidation of the geomembranes due to 
exposure to the test leachate. The results in Appendix D support the conclusion that 
the immersion in the test leachate did not measurably affect the five candidate HDPE 
geomembranes . 

The results of the stress crack resistance testing performed on the five candidate 
geomembranes are presented in Appendix E of this report. The results reveal 
significant variability in stress crack resistance . behavior between candidate 
geomembranes, with the GSE-SLT and NSC HDPE geomembranes exhibiting greater 
resistance to stress crack than other types of geomembranes. A high level of 
geomembrane stress crack resistance is desired for the FEMP OSDF geomembranes so 
as to obtain the maximum possible design life for these materials. 

3.6 Recommendations for Desien 

The results of the USEPA Method 9090 tests indicate that all five candidate HDPE 
geomembranes are compatible with the test leachate. Therefore, in terms of ranking 
the performance of the geomembranes in the USEPA Method 9090 tests, they are 
generally equivalent. However, the stress crack tests indicate that the geomembranes 
have different stress crack resistance, as discussed in Section 3.5, when evaluated in 
accordance with ASTM D 5397. Based on the stress crack resistance test results, it is 
recommended that the OSDF construction specification for HDPE geomembranes 
include a requirement that the selected geomembrane exhibit a time-to-rupture at a 
tensile stress of 900 psi (6.2 MPa) of greater than 500 hours when tested in accordance 
with ASTM D 5397. 

, 
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4. CONCLUSIONS 

The principal findings of this leachate/liner compatibility test program regarding 
the radiological/chemical compatibility of the HDPE geomembranes and test leachate 
are as follows: . 

All five candidate geomembranes performed similarly in the USEPA Method 
9090 tests. There were no measurable or discernable effects to the physical 
and mechanical properties of the geomembranes as the result of 120 days of 
immersion in the test leachate. 

The surface molecular structure of the geomembranes was not modified, as 
determined by infrared surface spectroscopy, by 120 days of immersion in the 
test leachate. 

Based on the environmental NCTL test results presented in this report, a 
minimum recommended time-to-rupture at a tensile stress of 900 psi (6.2 
MPa), when tested in accordance with ASTM D 3597, of 500 hours is 
recommended as a requirement for HDPE geomembranes used in the OSDF 
liner or final cover systems. 

In conclusion, the HDPE geomembranes proposed for use in the OSDF liner and 
final cover systems exhibit a high degree of compatibility with the test leachate. There 
is no indication that the OSDF in-service conditions will cause degradation to 
commercially-available HDPE geomembrane products. The NCTL test results provide 
data to allow development of a HDPE geomembrane specification that will result in the 
use of geomembrane materials having a high level of resistance to environmental stress 
crack. 

4- 1 97.06.04 
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TABLE A-1 

RADIONUCLIDE DATA SUMMARY TABLE 

Notes: 
Data from FEMP Radionuclide Qualifier Sheet, FERMCO ID. 200212369. 
MDC = Method Detection Concentraion. 
J = estimated results. 
U = non-detected. 
UJ = nondetected estimate. 
(-) = no data qualifier. 
pCi/L = picocuries per liter. 
pg/L = micrograms per liter. 
duplicate (split) 1.D = 200212392. 
field blank ID = 200212379. 

8 2 7  
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TABLE A-2 
INORGANIC (METALS) DATA SUMMARY TABLE 

I Analvte I Units I Result I Oualifier I MDI, I 

Vanadium UJ 2.0 
zinc Pg/L 89.4 13.0 
Cyanide ue/L 

Notes: 
Data from I- 10033 Perched Water InorgandConventional Data 

MDL = Method Detection Limit. 
pCi/L = picocuries per liter. 
J = estimated results. 
U = non-detected. 
UJ = non-detected estimate. 
(-) = no data qualifier. 
pg/L = micrograms per liter. 
duplicate (split) ID = 200212387. 
field blank ID = 200212374. 

Validation Summary Report, FERMCO ID. 200212364. 

GE3900-07.4/F%30165 .XLS e 614197 
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TABLE A-3 

INORGANIC (WATER QUALITY) DATA SUMMARY TABLE 

Notes: 
Data from 1-10033 Perched Water 1norganiclConventional Data Validation Summary Report, FERMCO Sample IDS given in table. 
MDL = Method Detection Limit. 
J = estimated results. 
U = non-detected. 
(-) = no data qualifier. 
na = does not apply. 
pglL = micrograms per liter. 
mglL = milligrams per liter. 
pmhoslcm = micromhos per centimeter. 
mho = ohm-'. 
pCilL = picocuries per liter. 



L -  

1,1, I-Trichloroethane I Pg/L I 

FEMP OSDF-LLCFR-REV O 

J I 10 

TABLE A 4  

Vinyl Acetate I P g n  I I U 

VOLATILE ORGANIC DATA SUMMARY TABLE 

10 

Compound I Units I Result 1. Qualifier 1 MDL 

Bromomethane 
Chloromethane I PglL I U I 10 

I I I I U I 10 

1,2-DichIoropropane I P d L  I I U I 10 
cis-l.3-Dichloro~ro~ane I ue/L I IJ 10  

Notes: 
Data from 1-10033 Perched Water Organic Data Validation Summary Report, FERMCO ID. 200212360. 
MDL = Method Detection Limit. 
J = estimated results. 
U = nondetected. 
(-) = no data qualifier. 
pg/L = micrograms per liter. 
pCi/L = picocuries per liter. 
duplicate (split) ID = 200212383. 
field blank ID = 200212370. 
trip blank ID = 200212439. 

G B M . 4 / F % 3 0 1 6 5 . X U  6/4/97 
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TABLE A-5 

SEMI- VOLATILE ORGANIC DATA SUMMARY TABLE 

614197 GE3900-07.4/F9630165.XLS 
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TABLE A-5 

SEMI- VOLATILE ORGANIC DATA SUMMARY TABLE (continued) 

IBenzo(G.H.DPervlene I UB/L I I I JJ I 2 0 1  

Notes: 
Data from 1-10033 Perched Water Organic Data Validation Summary Report, FERMCO ID. 200212363 
MDL = Method Detection Limit. 
J = estimated results. 
U = non-detected. 
UJ = non-detected estimate. 
R = rejected. 
pg/L = micrograms per liter. 
pCi/L = picocuries per liter. 
duplicate (split) ID = 200212386. 
field blank ID = 200212373. 

6/4/97 
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11.1.1 ts sediqn, [Release Number lOOOOlOO33J 

A. SCOPE 

200212369, 200212392, 200212379. 

Three (03) liquid samples, were analyzed for Cesium-137 by gamma isotopic, Radium- 
228 by gas flow proportional (GPC), Technetium-99 by liquid scintillation analysis and 
ICPMS, Radium-226 by radon emanation and scintillation counting (Lucas cells), 
Strontium-90 by gas flow proportional (GPC). Uranium-iso (U-234, U-235N-236, U-238), 
Neptunium (Np237) Plutonium-iso (Pu-238, Pu-239Pu-240 and Thorium-is0 (Th-228, 
Th-230, Th-232) was analyzed alpha spec., Total Thorium was calculated from Th-232 
and U-Total was anatyzed by KPA. The data set included one field blank (sample 
200212379) and samples 200212369 and 200212392 were indicated as field duplicate 
samples, which were noted on the "Release Tracking Worksheer. 

The resultant radiological data were validated at ASL level D and evaluated in 
accordance with the FEMP Radiochemistry Data Validation Checklist in arder to 
determine the accuracy, precision, and overall acceptability of the data. This assessment 
was limited to an evaluation of those radiochemical data, and supporting documentation, 
that were provided as part of the Release number 100001 0033. 

B. SUPPORTING DOCUMENTATION 
The following documents are included in this package, and provide the supplemental 
information necessary to support qualification of data contained in this radiological 
package: 

- 

The Radiochemistry Data Validation Checklist 

Laboratory Sample Results Summary Report 

The Radiochemistry Data Validation Summary Report 

0 Case Narrative 

Sample Traffic Reports 
0 Release Tracking Worksheet 

C. DATA QUALIFYING CODES 
Based on evaluation of the radioanalyttcal data in this package, the following d e s  were 
assigned to the calculated resutts: 

J Estimated Resutt 
N Tentatively Identified 
R Unusable Data (reject) 
U Non-deted, MDC > Results 
UJ - 
Z 

Non-deted estimated (Detection limits elevated) 
No Data Qualifier for Positive Resutt 
Resutt not used, sample reanalyzed 
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D. GENERAL VALIDATION FINDINGS 

All positively detected results (i.e., those greater than the MDC) are considered to be 
identified (i.e., a quantified estimation) and have not been qualified. In those cases where 
the blank activity (laboratory and/or field blanks) exceeded the sample activrty, and the 
sample activity is greater than the MDC, the results have been qualified 'U' (nondetect). 
The maximum blank concentration was ,used to evaluate the presence/absence of 
sample contamination. 

Several problems were noted in the initial review of this data set. High levels of 
Technetium99 and Uranium-iso in samples 20021 2369 and 20021 2392 yield reanalyses 
of the samples by the laboratory. Ra-228 in samples 200212369 and 200212392 

. exhibited HAMDCs above the 3.0 pCi/L requirement the samples were reanalyzed 
several times to eliminate possible interference. Gross alphabeta in sample 200212379 
was reanalyzed due to failure to meet HAMDCs. To99 in samples 200212369 and 
200212392 were reported by ICP/MS, due to alpha interference. Pu-is0 samples were 
reanalyzed due to poor tracer yields, only the reanalyses were reported. 

All samples were analyzed within the required hold time. A matrix spike (MS) was 
performed for Alpha Isotopic, Gamma spec., liquid scintillation, and Kpa. 

No discrepancies were found in the comparison between the chain of custody (COC) and 
the three liquid samples analyzed by the laboratory. All samples results were reported in 
units of pCi/L, with the exception of U-total and Th-total, which were reported in units of 
ugL. 

E. DATA QUALIFICATION SUMMARY 

For those radionuclides and/or measurements that deviated from the acceptance criteria 
set forth in the referenced procedural guidance, an assessment of the acceptability of the 
data (e.g., accuracy, precision), and any associated data qualifiers, are provided below. 
Excluding these nuclidedmeasurements, all other resutts were either unqualified (-), or 
qualified as nondetects (U) and are reported at the MDC (unless otherwise noted), since 
the data were acceptably within the radiochemistry validation guidelines and laboratory 
cnteria described in this checklist. 

m-I37 

The positive results for Cesium137 in samples 200212369, 200212392, have been 
qualified estimated and flagged 'J'. This is attributed to poor duplicate precision indicated 
in the field duplicates of these samples (RER=2.87) The resutts were coded D[q. - 
Sample 200212379 was reanalyzed by the laboratory, due to elevated HAMDCs. The 
initial results were flagged 'Z" and the results were reported from the reanatyses (RE-1). 



Blank contamination was exhibited in the field blank of sample 200212379 (gross alpha 
3.42 pCin and gross beta 6.07 pCiR) and the method blank (gross alpha 0.020 pCiR). 
No samples were impacted. 

The positive resutts for Gross Alpha /Gross Beta in sample 200212379 was qualified 
estimated and flagged 'J". This is attributed to poor duplicate precision indicated in the 
laboratory duplicates of sample 20021 379 (Gross Alpha RER=3.42/Gross Beta 
RER=2.04) The results were coded D. 

m -237 

The positive results for Neptunium-237 in sample 200212369 have been qualified 
estimated and flagged "J". This is attributed to poor duplicate precision indicated in the 
field duplicates of samples 20021369 and 200212392 (RER=2.11) The resutts were 
coded D. 

The positive results for Neptunium237 in sample 200212369 was considered estimated 
and qualified (J), because of the uncertainty associated with the elevated error (TPUs), 
the samples have been coded (EE). 

The positive resutts for Neptunium237 in sample 200212369 was considered estimated, 
and qualified (J) because of the uncertainty associated with high matrix spike recovery 
(1 04.1 % ), sample were coded (HR[M]). 

The detection limits for Radium228 in samples 200212369, 200212392 exceeded the 
HAMDC. The detection limits for these samples have been qualified .estimated and 
flagged "UJ". The results were code Resutt < MDC > HAMDC. 

Strornm-SQ 

Strontium90 exhibited field contamination in the field blank (field blank sample 
200212379). were qualified undetected (U). The positive resutts for sample 200212369, 
less than or equal to the contimination, were qualified undetected (U), because of the 
uncertainty associated with blank contamination associated with the fieM blank and are 
d e  (BtF)). 

The positive resutts for Strontium90 in samples 200212369,200212379 were considered 
estimated and q u a l i i  (J), because of the uncertainty associated with the elevated error 
(TPUs), the samples have been coded (EE). 
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The positive results for Technetium-99 in samples 200212369 and 200212392 were 
reanalyzed by ICP-MS, the results were reported from the reanalyses. The evaluated Tc- 
99 was accepted in terms of ICP-MS validation criteria. 

Thorium-73Q 

The laboratory was noted to exhibited Thorium-230 laboratory contamination and/or field 
contamination exhibited in the field blank (field blank sample 200212379). The positive 
results for samples 200212369, 200212392 and 200212379, less than or equal to five 
times (5X) the contamination, were qualified estimated,(J) because of the uncertainty 
associated with blank contamination associated with the laboratory and/or field blank and 
are coded (B/F[B]). 

Thorium-= 

The laboratory was noted to exhibited Thorium-232 blank contamination in the laboratory 
blank. The positive results for Samples 200212369,200212392,200212379, less than or 
equal to the contamination, were qualified undetected (U), because of the uncertainty 
associated wrth blank contamination associated with the method blank and are coded 

- 

The positive results for Thorium-232 in samples 200212369, 200212392, 200212379, 
were considered estimated and qualified (J), because of the uncertainty associated with 
the elevated error P U S ) ,  the samples have been coded (EE). 

Total Thorim 

The reported values for Total Thorium were calculated using the Th-232 values. The 
Thorium-232 qualification were applied to the Total thorium results. 

The laboratory was noted to exhibited Thorium-232 blank contamination in the laboratory 
blank. The positive results for Total Thorium in samples 200212369, 200212392, 
200212379, less than or equal to the contarnination, were qualified undetected (U), 
because of the Uncertainty associated with blank contamination associated with the 
method blank and are coded (B). 

The positive results for Total Thorium in samples 200212369, 200212392, 200212379, 
were considered estimated and qualified (J), because of the uncertainty associated with 
the elevated error CTpUs), the samples have been coded (EE). 
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m-TQtal 
The positive resutts for Uranium-Total in sample 200212379 was qualified estimated and 
flagged 'J". This is attributed to poor duplicate precision indicated in the laboratory 
duplicates of sample 20021 379 (RER=6.50) The results were coded D. 

The positive results for Uranium-234, Uranium-239236, and Uranium-238 in all samples 
were considered estimated, and qualified (J) because of the uncertainty associated with 
high matrix spike recovery noted for Uranium-234 and Uranium238 matrix spiked sample 
200212379, all samples were coded (HR [MI). 

The positive resutts for Uranium-234, Uranium-2351236, Uranium-238 in sample 
200212379 were considered estimated and qualified (J), because of the uncertainty 
associated with the elevated error (TPUs), the samples have been coded (EE). 

@ Review by: Date -96 

Concurred by: & Date Y l b l Y ~  

a 



AllACHYENT C 

FERMCO ENVIRONMENTAL 

FEYP RADIONUCLIDE QUAUFIER SHEET 

FERMCO ID. 200212369 U B I 0  964405 MATRIX WATER RELEASE 1oooO10033. 

a 
Concurred by: 

Definition of QualifiedSuffaxes 

J = estimated results 
R = unusable (reject) data 
U = non-detected 
UJ = non-detected estimate 
N = tentatively identified (see namtive) 
2 = sample reanalyzed 
(-) = no data qualifier 
NIR = data not reproted 
NIA = analyte not analyzed 
RA = Data Re-asse8smont 
RE = Data Re-ana~zed 

Date: 9-3.4 .5L 

Comment Codes 

QCIFV QC (Reviewffield Validation) 
HT (Hold Time) 
BIFB (BlanWField Blank Contamination) 
DffD (Poor LablField dupllcate precision) 
HRR (High or Low spike recovery) 
EE (Elevated uncerhinty) 
IUCC (Calibration Deficiency) 
HRY (High or Low Yield recovey) 
R (Field Rinsate sample) 

b 



0.0 
0.0 . 
0.11 

0.03 
0.61 
0.07 

0.22 
0 

-540 
0.22 
4.13 

4.02 
4.01 
4.01 
0.02 

0.22 
0.04 

0.91 

Moo00 130001E+OS 1- 
29000 u)o14ooo 3OOo 
uoooo 12000ie+m UKK) 

41000 29.3 

4.14 0.47 0.47 0.n 
0.02 0.0s 0.0s 0.- 
0.54 0.1s 0.2s 0.21 
0.21 0.05 0.09 0.05 

66ooo Jdoouooo 
0.17 0.34 0.34 0.9 
J.6 4.3 4.4 7.2 
0.1 0.34 0.34 0.61 

0.02 0.03 0.03 0.06 
0.01 0.04 0.04 0.08 
0.11 0.1 0.11 0.13 

2mooo 3m60000 no 
33oooO 48~10 66ooo 340 

2.5 4.1 4.2 3.4 

0.2 
0.2 
0.2 
0.1 

0.2 
0.2 
0.2 

0.2 

IS 
1 
3 
1 

0.5 
0.5 
0.5 

4 

2 
4 

UNCORRECTED RESULTS 
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a ATTACHMENT C 

FERMCO ENWRONMEWAL 

FERMCO ID. 200212392 

FEMP RADIONUCLIDE QUAUFIER SHEET 

U B I D  96A3406 MATRIX WATER RELEASE 1oooo10033 

Signature: 

Concurred by: 

Definition of QualifierdSuffixea Comment Codes 

J = eatimabd reaulta 
R = unusable (reject) data 
U = nondetecbd 
UJ = nondetected estimate 
N = tentatively identified (am narrothre) 
2 = sample re~nalyzed 
(-) = no data qualifier 
NIR = data not reproted 
NIA = analyte not analyzed 
RA-Data Resssonsmont 
RE = Data Re-rnaiyzed 

QC/W QC (ReviswlField Validation) 
HT (Hold Time) 
WFB (BiankEkld Blank Contamination) 
DFD (Poor hb/Field duplicate precision) 
WLR (High or Low spike recovery) 
EE (Elewted uncertainty) 
ICICC (Calibration Deficiency) 
HAY (High or Low Weld recovery) 
R (Field Rinaats aample) 

4/24/96 
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0 

0 
' I  
'! 

238 
URANNM 239236 
URANIUM 234 
TmALuuNIUM 
TurALnKIRluM 
THORNM 232 
'IHORIUM 230 
THoRNM 228 
-99 

SIRONnuM 90 
RADIUM 228 
RADIUM226 \ 

P L ~ N I U M  239n40 
PLUrONIWM 238 
NEVNNNM 237 
GROSS BETA 

GROSS ALPHA 
CESIUM 137 

200212392 S A 3 4 0 6  WATER 
200212392 9643406 WATER 
200212392 96-A3406 WATER 
200212392 %-A3406 WATER 
200712392 SA3406 WATER 
200212392 %-A3406 WAfER 

200212392 96Cu406 WATER 
200212392 %-A3406 WATER 

200212392 WATER 
200212392 *A3406 WATER 
200212392 96-A3406 WAlER 
200212392 %-A3406 WATER 
2op212392 961u406 WATER 
200212392 9 6 - W  WATER 
2OO112392 SA3606 WATER 
ZOO2 12392 SA3406 W A m  
200212392 S A 3 4 0 6  WATER 
200212392 9643406 W A m  

0.0 
0.0 
0.11 
0.03 
0.61 
0.07 
0.22 
0 

-no  
0.22 

0.13 
4.02 

4.01 
4.01 
0.02 

0.22 
0.04 

0.9 1 

21oooo 
3oooo 

160000 
58u)oo 
4.06 
4.01 
0.43 

0.24 
6H)o 

4.11 
s .2 

0.23 
0.02 
0.03 
4.04 

290000 

32oooO 
6.7 

1oooO82WN 
4300 12000 2OOo 
9300 64OOo wK)o 

42000 29.3 

0.5 0.31 0.82 

0.06 0.06 0.09 
0.16 0.25 0.23 
0.06 0.12 0.03 

3600- 
035 0.M 0.92 
6.1 6.1 10 

0.3s 0.33 0.61 
0.02 0.02 0.01 
0.04 0.04 0.07 
0.1 0.01 0.22 

3M)o 62000 920 
4700 61000 490 

4 4.2 3.3 

UNCORRECTED RESULTS 



ATTACHMENT C 

FERMCO ENVIRONMENTAL 

FEMP RADIONUCLIDE QUAUFIER SHEET 

FERMCO ID. 200212379 LABID SA3407 MATRIX WATER RELEASE 100001 0033 

Signature: Date: 

d 
Concurred by: 2/. R 

Definition of QualifiedSufiixes . CommentCodes 

J = estimated results 
R = unusable (reject) data 
U = non-detected 
UJ = nondetected estimate 
N = tentatively identified (sue namtive) 
2 = sample r e a ~ l y r e d  
(-) = no data qualifier 
NIR = data not repkted 
NIA = analyte not analyzed 
RA = Data Re-assessment 
RE = Data Re-analyzed 

4n4m 

QClFV QC (Reviewffield Validation) 
HT (Hold Time) 
BlFB (BlankEield Blank Contamination) 
DffD (Poor LablField dupliutb precision) 
HlLR (High or Low spike recovery) 
EE (Elevated uncertainty) 
IClCC (Calibration Deficiency) 
HRY (High or Low Y&ld recovey) 
R (Field Rinsrts sample) 
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ANALyTt PERMCOID ACR MATRIX ALIQUOTUNITS BLANK SAR CU TPU MDC HAKDC DATE 
URANIUM 238 aO(nl2379 S A 3 4 0 7  WATER 1 pcvl. 0.0 0.13 0.08 0.1 008 0.2 U16196 
UUIWM235RM 200212379 9643407 WATER 1 pcih 0.0 0.17 0.11 0.13 0.14 0.2 3/16/96 

uRANNM234 m 1 2 3 n  - lpcih 0.11 0.31 0.16 0.18 0.21 0.2 3/16/96 
TXXALURAMUM 2 0 0 2 1 ~ 7 9  SA3407 WATER 0.005+ 0.03 0.5 0.06 0.029 0.1 3/14/96 
TWAL"cX0RIuM 200212379 SA3407 WATER 1 0.61 0.3s 0.44 0.46 0.76 0.2 3RIJ96 
THoicltlM 232 200212379 96-M407 WATER 1 pcih 0.07 0.04 0.05 0.05 0.08 0.2 3/2m 
THoRlllM 230 200212319 SA3403 WATER l p c i h  0.22 0.09 0.14 0.14 0 3  0 2  3/2V% 
THO- 278 200212379 96.lU401 W A m  l p c a  Q 0.003 0.03 0.03 0.06 0.2 3RY96 
-99 200212379 %-A3107 WATER 0.25 pcM. 1.3 1.5 6.3 6.3 15 15 3ll3Ep6 
sIRONTIuM90 2002l2379 96AuoI W A m  l p c i h  022 0.61 0.n 0.77 1.3 1 3/19M 

RADIUM 226 200212379 SA3407 WATER 0.5 pcyt 4.02 0.15 0.3 0.3 0 3 3  1 

KvroNLuM239/240 2w21s79 SA3407 WATER 1pCA 4.01 0.01 0.01 0.01 0.03 0.5 3119196 

PLUIONIUM~ 200212379 %-A3407 WATER 1pCih 4.01 0.01 0.03 0.0) 0.06 0.5 3/19/96 

-237 200212379 SA3407 WATER 0.5pCih 0.02 0.002 0.05 0.05 0.08 0.5 3 / 2 M  

GROSS W X A  200212379 S A 3 5 0 7  WATER 0 3  pCih 0.24 5.3 1.3 1.4 1.8 4 3 / 1 m  

GROSSALPHA 200212379 Slum WATER 0.5 pCvL 0.47 2.9 0.86 0.93 0.97 2 311- 

CESIUM 137 200212379 SA3407 WATER 1 pCih 0.91 0.91 1-8 - 1.8 f-9 4 311- 

AO m . i U  arc per liter o n b  wtd elk- 

RADIUM 22% 200212379 964\3107 WATER 0.5 pcvL 4.13 0.74 2 2 3.4 3 3/14(96 

-- 

a 
..,. . _  ... 





212361 

212362 

212365 

212366 

212367 

212368 

212371 

212372 

212375 

212376 

212377 

212378 

Toc 

A l l  Analytom 

A l l  knalytom 

?luor Ida 

Phompha t o  

A l l  Analytom- 

93 mg/L 

2.98 mg/L 

93.4 Bg/L 

DV 
Q U  1' 

J Tho romult wa8 qualifiod omtimAtod duo t o  fiold dupliaAt0 
improcimion and a 1- matrix mpiko rocovory. 

Tho romult wam qualifiod 08timAtod duo t o  fiold dupllcato 
improcimion. 

No romultm ~ r o  qualifiod. 

No romultm wzo qualifiod. 

Tho romult warn qualifiod o m t h t o d  duo t o  fiold duplicate 
improcimion. 

Tho romult war qualifiod undotoctod duo t o  fiold blank 
contamination, and mhould bo conmidorod biamod high. 

No romultm wore qualifiod. 

No romultm w r o  q u a l i t i d .  

No romultm wro qualifiod. 

No romultm wmro qualifiod. 

No romultm wmro qualifiod. 

No romultr w t o  qualifiod. 

J 

J 

U 

I 

bat. 8 -/& cr, 
g&C Chock of  lubaontraotot lukimrionm by8 - l-1 D8ta Valid8tion Qualifiorm ammignd bamd upon tho tolorant factor(.) that tmro i d l o a t d .  
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v 
212384 

212385 

212388 

212389 

212390 

212391 

Toc 9.68 BQ/L 

DV 
QU.1' 

J 

J 

J 

U 

Tho roaul t  ua8 q u a l i f i e d  0etFMt.d duo to l io ld  dUplla@tO 
lmptocimLon and a low matrix mpik. rocovory. 

Tho romult w.8 q u a l i f i . 6  0 m t i r u t . d  duo to fh1d duplicate 
improcimion. 

N o  roaulta woro qua1Lfi.d. 

N o  roault8 uoro qual i f iod .  

Tho romult uam qualifiod oatFMted duo to fiold duplicatm 
improciafon. 

Tho roaul t  warn q u a l i f i e d  undotocted duo to f i o l d  blank 
contamination, and rhould k con8idor.d bia8.d high.  

QC Qoak of 8ubcontraotot Itlbriaaiooa by: e// Dato 1 - ?Anal Data Valib.tioa Qurrlifior8 aaaignod bard upon tho rolovant faotor(m) t h m t  wro hdiartod. 
Dag0 2 of 2 



m2oA TOX S 

. .  





REPOenMTE - 02/29/36 
wna - WATER 
REtUSENUMBEA - 10033 



Qc BATCH NO.- 
DILUTION FACTOFI - 1 

INOFIO - 10033 

DATE 
Mt3H009 PARAW3ER ANALYZED 

376.1 Y .  3u-9 

a 



Qc BATCH N0.- 
DLUTlON FACTOR - 1 

INOFIO - 10095 

310.1 ALKAuNrrY 2 o d o -  oQnam6 

300.0 CHLORlM 1 69.1 - a2mm 1:20dil 

120.1 C 3120 L Wllw 

300.0 SULFATE 2 121 - 1:20 dil 

340.2 FLuORlcx 2.90 1:s dH 

, 



aC BATCH N0.- 
DlLWlON FACTOR - INOFIQ - 10093 

1 

36s. 1 TOT. PHOSPHATES 10 ' UQlL m.4 4 02/14/96 
959.1 N--N 10 MQlL 330 - 02/05/96 1:loOO dil 
360.1 AMMONU 0.06 MQll 1.a - 02/05/96 1:2dH 
as1 9 TKN 0.5 MQlL 3.41 - 02/14/98 1:Sdil 
381.2 TON 0.1 UQlL 2.35 - 02/14/98 

a 



8 2 7  

REPORTDATE- 02/29/Ss 

RELEASE MJMBW - 10033 
wma - WATER 

I .. 



- 8 2 7  
rr- 



. 



AEpocnMTE - 02/19/36 
Urn# - WATER 
RELUSE NUMBER - 10033 

MISC. INORQANICS - TAblE 40 PARAMETERS 

Qc BATCH N0.- 
DlUmON FACTOR - 1 

INOR0 - loo33 

DATE 
MITHOOS PARAMt3ER ANALYZED 

378.1 SUVlDES o2/os/ss 



aC BATCH NO.- 
DILUTION FACTOR - 1 

INOR0 - 1- 
OETECTKWJ 

METHOOS P- UMlT 

310.1 
900.0 
900.0 
%os 
120.1 

. .  



. .  



L -  - 8 2 f  

REPOUTDATE - 02/29/98 
wna - 
R W W M B W  - 10099 

WATER 

MISC. IMORQANICS - TABLE 40 PARAyETER8 

aC BATCH NO.- 
DILUTION FACTOFI - 1 - . I  

lNm0 - 10033 



-. 8 2 7  

MISC. INORQANCS - TAbU 40 PARAMETERS 

QC BATCH NO.- 
DILUTION FACTOFl - 1 

lNom - 10059 



REPORTDATE - 02/29/98 
MATRK - WATER 
RELUSEMJMBW - 10099 

QC BATCH NO.- 
DILUTION FACTOR - 1 

INOR0 - 10033 

420.2 PHENOLS Q 8.8 - wo7m 

. 
. .  



8 2 7  

MWC. INOR- - TA8I.E 40 PARAMETERS 

OC BATCH N0.- INORO- 10033 
DILUTION FACTOR - 1 ‘ I  

370.1 s u m s  1 Y  K) o2/06Ae 



YISC. INORoANIc3 - TABLE a PARAMETUIS 

aC BATCH N0.- 
DlUTlON FACTOR - 1 

INOR0 - 10033 
I .  

310.1 Au<AuNcTv 2 94Q - 02/13m 
W.0 SULFATE 2 120 CI 02/02/Sa 1:20dil 
300.0 CHLORIDE 1 m.0 - 02/021Sa 1:20 dil 
940.2 2.19 02/Oe/as 
120.1 3710 - 02121192 

. .  



REPORTDATE - 02/29/96 
MATRIX - WATER 
A n W M q W -  10033 

MISC. INOF\QANIcS - TABLE 4Q PARAMETERS 

Qc BATCH N0.- 
DILUTION FACTOA - 1 

INOR0 - 10093 

DETECTION k!& &DATE 
MRHOOS PARAMETER UMCT I - ANALYZED 

38s. 1 TOT. PHOSPHATES 10 UQlr 122 y 02/14/96 
355.1 NOWNO2-N 10 uQ/L 3S8 - 02/05/96 1:1000dil 
350.1 AMMONlA 0.03 uQ/L 1.89 - 02/05/96 
351.2 TKN 0.1 UCM 4-02 - 02/14/96 1 : S d  
351.2 TON 0.1 YCM 2.38 - 02/14/96 





8 2 7  

. 









S w -  

000087 







- 0  0 

ROl...O # 3-10033 bpooial Conentmr Note: are abbreviated. 

(Reported Heaeurement Unitm):pg/L 

1ccD) (Uhon Mooemmary - 
Mfr c I n i t i r l  6 Dato.) 

212364 

212374 

Antirony 

Armenia 

Cadmfw 

I ton 

Morcury 

Solonium 

Thallium 

Vanadium 

calcium 

Iron 

?ha1 
P..ultr 

4.0 

7.5 

1.4 

366 

0.10 

7.6 

5.0  

2.0  

138 

40.5 

DV 
Q U  1' 

UJ 

U 

U 

U 

U 

J 

UJ 

UJ 

U 

U 

Tho romult uam qualifiod o m t i ~ ~ t o d  duo to a low autrb mpikm 
rocovory, and mhould bo conmidorod biamod low. 

Tho rorult war qualifiod undotoctod duo to laboratory blank 
contamination, and mhould k conmidorod biaaod high. 

Tho romult uam qualifi.4 undotootod duo to laboratory blank 
contamination, and mhould bo conmidorod biamod high. 

Tho romult warn qualifiod undotoctod duo to laboratory blank 
contamination, and mhould k conmidorod biamod high. 

Tho romult uam qualifiod undotoctod duo to laboratory blank 
contamination, and mhould bo conmidorod biamod high. 

Tho romult warn qualitiod 08timat.d duo duplicate and fimld 
duplicato improcision. 

Tho romult wam qualified omthatod duo to a low matrix mpikm 
rocovory, and mhould k conmidorod biamod low. 

Tho romult uam qualifi.4 ortimatod duo to a low lsrrtrir mpilu 
rocovory, and mhould bo conmidorod biamod low. 

Tho rorult wam qualifiod undotoctod duo to laboratory blank 
contamination, and mhwld k conmidorod biamod high. 

 tho romult war qualifiod undotoctod duo to laboratory blank 
contamination, and mhould bo conmidorod biamod high. 

Validmtor: tJ- D a t o a w / 9 6  

e Dato I Concurrod by: 

QC Cboak of  lubcontraotor Subrimmionm by: */ Dato : - l h l  Data Validation ~ualifiorm aamignod bamod upon tho rolovant faotot(m) that  )).to i n d i o a t d .  

Y%55& 
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.' 
212387 A l u a i n u  

Antirony . 

Armonic 

Iron 

Solonium 

Thallium 

Vanadium 

?Am1 
n..ult. 
485 

4.0 

9.7 

334 

17.7 

5 . 0  

2.0 

DV 
-1' 

U 

UJ 

U 

U 

J 

UJ 

UJ 

Tho romult warn qualified undotoctod duo to laboratory blank 
conturnination, and mhould bo aonmidorod biasod high. 

Tho romult warn qualified omtinutod duo to a low matrix mpih 
rocovory, and mhould bo conmidorod biamod low. 

Tho romult wam q u a l i f i d  undotoctod duo to laboratory blank 
contamination, and mhould bo conmidorod bia8.d high. 

Tho romult wam qualifiod undotoctod duo to laboratory blank 
contamination, and mhould bo conmidorod biamod high. 

Tho romult wam qua1ifi.d 08tbAtod duo duplicato and fiold 
duplicato Lmprocimion. 

Tho romult wam qualifiod omtlautod duo to a low matrix m p i b  
rocovory, and mhould bo conmidorod biarod low. 

Tho romult wa8 qualifiod 08tbAt.d duo to a law matrix mpih 
rocovory, and mhould bo conmidorod biarod low. 

I 

P 
V.lid8tor I (w Pa -88) D a t o # w / 9 6  

Ooncutrod by I Date: ,&*d 
f w 

QC Chook of Iubcontraotor lukimoionm by: +& D a h  1 - ?ha1 Data Validation Qualifiorm amrignod bamd upon tho rolorant faator(m) that WIO indicatd. 
Pagm 2 os 2 



* 8 2 7  c 

1 
INORGANIC ANALYSIS DATA SEBET 

Lab N a n :  TCE=. L a a i m  contract: 434286 

Lab Cob.: TCT :- -8. NO.: 10033 SAS.No* SDG No,: 212383 

Matrix ( s o i l / m t m r )  : WATER . Lab Sarplo ID: 960200515A 

Concurtration 

Data Rocoived: 02/01/96 

Unit. (ug/L or mg/kg dry waight): UG/L 

a 

CAS NO. 

i _: 

C o l o r  -fora: 

C o l o r  A f t u :  YlItUw 

A M l y t .  I I  Concontration C Q 

0.10 i 0 

117 - 
48600 - 

7 - 6  N* 

W 
I 

C l a r i t y  Beforat QlocIoY 

C l a r i t y  Mtuc: CLBm 

- 
w -  

SAHPLE NO. 

212364 I 

1 0 1  

Tmxture: 

Artif acts : 



L.b W . W :  TcI S t 0  IRUI8 Contract: 434286 

sAI1pL8 wo. 

212374 

SDG No.: 212383 Lab cod.: Tcp C... NO.: 10033 SAS No.: 

m * i Y  (8Oil/V8te) : m m  Lab Sample ID: 960200524A 

L.V.1 (lov/m.d) : rxm Data Racdvod: 02/01/96 

8 Solid.: 0.0 

Concurtration Units (ug/L or -/kg dry vdght): UG/L 

CAS NO. I Concontration C 

75.0 8 
4.0 p 
3.0  U 

1.0 
1.0 0 
138 
6.0 8 
9.0 a 

11.0 8 

2.0 a 

9.0 g 

40.5 

m o o  9 
6.0 I! 

0.10 u 
98.0 
19.0 a 
5.0 2 
1.0 u 
170 
5.0 u 

13.0 I 2.0 a 

0 

I 

I* 

I 
I 

Calor kfora: COIBRLXS8 

CalorAi+u: COIBRLESS 

clarity Ikfom: - T e U 8 :  

Cluity utut .cum m i f a c t . :  



- 8 2 7  
7- 

SAKPU NO.. 
1 

INORGANIC ANALYSIS MTA SHEET 
212387 

Lab W a w :  TCT It. L o t a i m  contract: 434286 

Lab Cod.: Tcp -0 No.: 10033 SAS No.: SDG No.: 212383 

Lab Sarplo ID:  960200505A 

D.to Rocoivod: 02/01/96 

PCSL- c Concontration Units (ug/L'or -/kg dry might)  : UG/L 

color Baforo: YHJlll 

ColOrAftu: - 

toncontration C H a  I 

Cluity Befor.: QllHJoY 

cluity A f t o r :  - C I m R  

-1 L,J&J,. n 



~ -' 8 2 7  . m - -  

Initial 
-lib. 
blank 

Contract: 434286 

continuing Calibration 
Blank (ug/L) 

Lab Coda: TCT Cas0 No.: 10033 SAS NO.: 

Proparation Blank Matrix (soil/ntu): WATZR 

Proparation Blank Concurtration Unit8 (u9/Ii or rg/k9): WG/L 

3 C 

mRM I11 - f# 

SDC No.: 212383 

u 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
c1 - 
P 
A 
P 
P 
P 
P 
P 
P 

- - - - 
- - - - 



e 

a 
8 2 7  

Lab N u :  TCT St. fRUh Contract: 434286 

SAKPLt NO. 

2 12 3 87s 

Lab Cod.: Tcp -0 NO.: 10033 SAS NO.: SDG No.: 212383 

Matrix (aoil/vator): WATER &Val (lOV/BOd) 
Solid. for Sarplo: 0.0 

~oncontratfon U n i t .  (ug/L or rg/kg dry woight): UG/L 

Iron 
Load 
mgnuiur 
-an080 

E E F  
Potaasim 
slluriur 
S i l V U  
sodim 
Thalliur 
Van8diUr 
Zinc 
Cy8da 

Control 
Limit 
QR 

75-125 
75-125 
75-125 
75-125 
75-l25 

75-125 

75-125 

75-125 
75-125 

75-125 
75-125 m=izr 

133 1 3333 

601.1667 

19 9700 
127 . 3000 

35.2900 
360. $600 
571.4667 

I I 

17 8667 
62 8667 

763.7333 
334.2333 

2 . 0000 

0 

200 . 00 

250 . 00 
iooo. 00 

0 - 500 . 00 - 
ij 0 20.00 

96.2 
102 . 1 
97.8 
76.6 

0 

825.4667 500.00 101.2 

108.2333 500 . 00 98.6 
0 

- 
17.6600 10.00 23.1 
au.4100(1 50.00 1 89.8 

1.1 I 



6 
DUPLICATBS 

-- 

Lab N a n :  TCT a. IRUIs Contract: 434286 

SAMPLE NO. 

212387D 

Lab Cod.: TCT -80 NO.: 10033 S M  No.: SDC No.: 212383 

Matrix (soil/vat~r): W A a  
I 

Lava1 (lov/mod) : LOU 

8 Solids for S u p l a :  0.0 Solids for Duplicat.: 0.0 

Concentration Units (ug/L or rq/kg d r y  wight) :  UG/L 

control 
L i m i t  

200.0 

200.0 
5 .0  

10.0 
50.0 

100 . 0 

~ 

40.0 
5000 . 0 

5.0 

485. 2000 
4.0000 _ . _ _ _ _  

9 . 6900 
215. 5667 

14 . 7400 
1 0000 

534400~0000 
17 . 8667 
62 . 86.67 

763 . 7333 
334 . 2333 

2.0000 
125766.6600 

825 . 4667 

roRn V I  - IN 

~ l l c 8 t o  (0 )  C 

~ 

1 
I 

RPD 

Tzz 
67.5 
3.8 
1.7 

200.0 
0.9 

13.6 
9 .2  
2 . 0  
0 . 6  

1.1 
1 . 9  

1 . 7  
-%-e 
rc& 

1 . 7  

3 . 7  

k 



I I 212364 
contract: 434286 

Lab cod;: TCI C.H NO.: 10033 5118 no.: SDG No.: 212383 

L.b S a r p h  ID: 960200515A 

hta R0C~iv.d: 02/01/96 

8 Solid.: 0.0 

Concantration U n i t .  (ug/L 01: rq/kg dry might): 

C M  NO. 

O t . :  

C l a r i t y  kf0r.t QloQoI 

C l a r i t y  Aftart a#mn 

Q 

Tmxtur.: 



e 
contract: 434286 I I 

Lab codit TCT NO.: 10033 SAS No.: SDG No. :  212383 

mtrix (wil /ntu):  wAT1R L.b -1. ID: 960200505A 

Lava1 (lOu/=d) : urn Data Roceiv.4: 02/01/96 

40s 
4.0 
9.7 
216 
14.7 
100 

534OQO 
17.0 
6209 
764 
334 
2.0 

126a00 
02s 
0.10 

.--4 
131000 

s o 0  

. 01.0 
3.6 

e -* 

ciuity kforo: QlotRn Turtura: 

J 



ORGANICDATA VWDATION SUMMARY am 
v 
212360 (VOA) 

2 12 3 6 ODL ( VOA) 

212370 (VOA) 

212383 (VOA) 

2 12 3 8 3DL (VOA) 

212439 (VOA) 

musaw. 
Mothylw Chloride 10 U Method blank contamination is presont 

at compounds were qualified 8 ,  because Usable data were reportd 
analyois. 

Methylu~o Chloride 10 U Method blank contamination is presont 
Acotona 32 U Method blank contamination is present 

Vinyl. Chloride 10 UJ Continuing calibration %D > 25%. 
Chloroethane 10 UJ Continuing calibration ID > 25% 
Methylene Chloride 10 U Method blank contamination is present 
Acetone 12 U Method blank contamination is present 

All the target compounds were qualified S, because usable data were reported 
from the initial analysis. 

Methylene Chloride 10 U Method blank contamination is present 
Acetone 60 U Method blank contamination is present 

, 

gc Chook of Buboontraotor Dolivorablo by: Date: 

QupJifior Codom Bntorod by: Date: 

Date : W i f i o r  Codom Approves by: 

=Final Data Validation Qualifiora assignod bas& upon tho rolovant faotor(8) that woro indi~tat.6, 

a 
#=A 

0 



- 0  0 ORQANIC DATA VALIDATION 6P 16, RBRORT P.w-1- or& 

212363 (BNA) 2,4-Dinitrophonol 50 R Initial calibration %RSD > 50%. 
50 UJ Continuing calibration 2D > 25a. 
20 U Field blank contamination is prosent 
20 UJ Continuing calibration ID > 25% and I86 warn 

All the target eompounda quantitated off of 186 (Di-n-ootylphthalato through 
B o n r o ( g , g , i ) ~ l ~ )  were qualbfiod estimated. 

outdde QC limits. 

212373 (BNA) 2,4-Dhi&Utol 50 R Initial calibration 2RSD > 502. 
Pentachlorophenol 50 UJ Continuing calibration %D > 25%. 

Banzo(b)fluoranthene 20 UJ Continuing calibration 2D > 25% . 
212386 (BNA) 3-Nitroaniline 50 UJ Initial calibration ZRSD > 302. 

Carbazole 20 UJ COntinUihg calibration 2D > 25%. 
3,3'-Dichlorobenzidine 20 R Continuing calibration 2D > 502 . 
bis(2-Ethylhexy1)phthalate 20 U Field blank contamination is present. 

Validator: Date: 3127196 - Date:f/&/ Conourrod by: 
Y / 

QC Chook of luboontraotor Dolivorablo by: MFv Date: * ' V  

?' 

00 
N 

P < 

e l i f i o r  Codom Intorod by: Date: 

@ualif+r Codom Approvod by: Date: 

a - ?iMl Data Validation Qualifiorm ammignod h8.d  upon tho rolovant faotor(m) that woro indioatod. 



u 
fFoUTfll ORGANICS MALYSIS DATA f 212360 

Lab M a w :  a. UUI8 contract: 434286 

Lab Cod.: * C.W NO.: 10033 SAS NO.: * S#; NO. : .212383 

U 
U 

U 
0 
0 
0 
0 
U 
U 

U 
0 
U 
U 
U 

t -  

- 

Matrix: (moil/nmtor) UATSR Lab S-10 ID: 02005-1U 
Sampl. vt/vol: 5 (w-1 1QI ltrb lilo ID: >E9651 

L4v.l: (low/Bd) Im D a h  m i V . 6 :  02/01/96 

8 Moi8turo: not doc. Data Ana1yt.d: 02/07/96 

Y 

3 
3 
L 

1 

CC Coluur: DB624 ID: 0.S3 (P) Dilution ?actor: 1 
Soil hrtrrct Voluv: (a) Soil Aliquot Volumo: 

cm no. CoxPOmD (W/L or w/W w/L 0 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 . 
67-64-1 
75-15-0 
75-3s-4 
75-34-3 
156-604 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
79-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 
71-43-a 

QlomDOthan. 
Bro~omothano 
Vinyl chlorido 
01oroothano 
mthylono Chlorido 
Acatono 
carbon Dimulfido 
1,l-Dichlo~th~O 
1,l-Dichloroothano 
tru~-l,2-Dichl0r00~ 
cim-l,2-D~chlorooth~ 
chloroform 
1,2-Dichlorooth8~ 
2-Butanono 
1,f, l-Trichloroo+hurr 
Carbon Totrachlorida 
Brmodichloromothana 
1 2-Dichloro ropano 

Trichloroothono 
D-orawtbarrr 
l,l,a+richloroothum 
&amno 
--1,3-Dichlorop- 
lraof orm 
4-thyl-2 -pantanon. 
-on0 
-chloroothono 

Oipryl Acotat. 

&-1,3-Dich P oropr0p.nr 

i o o 4 i - r  Ntiiyib&lzUro- 
100-42-5 =Y=- 

mm I VOA 

10 
10 
10 
10 
3 
10 
10 

7 
2 

5 
- 10 

10 
2 
10 
7 
10 
10 
10 
10 
10 
650 
10 
10 
10 
10 
10 
10 
10 
90 
10 
10 
10 
10 
10 

3/90 R.v 
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E P S  
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I 
u - a  

VOUTZLE ORGANICS ANALYSIS DATA 

212360 I Iab N-: T C k ? .  -8 Contract: 434286 

Lab Cod.: 'TCI a m  NO-: 10033 SAS NO.: SDG NO.: 212383 
Matrix: (ooil/vator) WATER Lab S-10 ID: 02005-1U 

Sampl. Vtjvol: 5 (g/d)  = Lab ?ilo ID: >E9651 
Uv.1: (lov/m.d) m Data R.CdV.6:  02/01/96 
% Moimturo: not 4.c. .-to ArulyZd: 02/07/96 

- 

GC Column: OB624 ID: 0.53 (n) Dilution ?actor: 1 

Soil Extract Volun: (a) Soil 1uiquot Volum.: 
CAS NO. 

1330-20-7 Xyluro (total) 

mm I VQA-I 

10 

- 

3/90 

.. 



M-12-96 TIE lo:@ cEB)#) TECH IN0 CTR FAXNO, 5136485886 %028 - 2 7 

t Hoisturmi not &e. 

GC ColraRi: DB624 ID: 0.53 (-1 Oilutioa Factor: i 

boil mtr.ct V o l u r r  (a) Soil Aliquot VolUr#; 

lhdmr TICS found: 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I I I I I 1 

I 
I 
I 
I 
I 
I -  
I 
I 
I 
I 
I 
I 
I 
I 
I -  
I 
I 
t 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 

I 1 t I 1 
CAS IIugm I CO)(POCIWDYlLCe I IYT I u T . c o I I c . 1 0  I 

. ~ o o o o o ~ o o o o o o ~ o ( ~ ~ o o o ~ o o o o ~ ~ - - - - = = - ~ - o - ~ - - ~ o ~ ~ m o o o o ~ o ~ o ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

1. IcOtuT - 1 21.93 I 13 I J IP 
2. I I I I 1 
3.  I I I 1 

1 4. I I I 1 
3 .  I I I 1 ' 6 .  I I I i 
7 .  1 1 I i 
a.  I I I i 
9 .  I I I 1 

10. I I I 1 
11. I I I 1 
1 2  I I I I 1 
i t .  I I I 1 

1 14 .  I I I 1 
i s .  I I I 1 

1 .  16. I I I 1 
17. I I I 1 
10. I I I 1 
19. I I I 1 

I ao. I I I 1 
1 81. I I I 

I 22. I I I 1 
23. 1 I I 1 

t 24. t I I 1 
' 2s. t I I 1 
I 2a. 1 I I 1 
I 27.  1 I I 1 
I am. I I I 1 
I 2 9 .  I I I 1 
I 3 0 ,  I I I 1 



u 
V O U T I I 3  ORGANICS ANALYgIS DATA S 8 t a  

212360 DL 
Contract: 434206 

Iab Cod.: *TC? C.a. No.: 10033 SAS No.: S#; NO.: 212383 

Xatriw: (soil/vator) WATER Lab S-10 ID: 07005-1U 
Samplo vt/vol: 5 ( g / = l )  Lab Fila ID: >E9659 
kv.1: (lou/wd) mu 
8 Hoisturo: not doc. 

08- R.c.ivd: 02/01/96 

-at0 An8lytd: 02/08/96 
GC Column: DB624 ID: 0.53 (n) Dilution ?actor: S 

Soil Extract Voluw: Soil Aliquot Volur.: 

a 

74-07-3 
74-83-9 
75-01-4 
75-00-3 
7s-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
100-05-4 
75-27-4 
70-07-5 
10061-01-5 
79-01-6 
124-4001 
79-00-5 
71-43-2 
10061-02-8 
7s-2s-a 

79- 

108-9O-t 
100-41-4 
100-42-5 

Qlorawthano 
Broaowthan. 
vinyl chlorido 
Chloroothano 
nothylono Chlorido 
AcottonO 
Carbon Di8ulf id. 
1 8 1-Dichloroothono 
1 1-Dichloroothano 
trar~-1,2-~ich10r00thum 
ChloroforB 
1,2-Dichloroothano 
2-~utanono 
crpbon Totrachlorido 
Vinyl Acotato 
Bromdichloro~mthano 
1 2-Dichloro ropano 
Trichloroothono 
Dibromochloromothano 
1,1,2=Trichlorootham 
buuum 
t - l , 3 - D k h l o r a p m  
m f  o m  
4480thyl-2 -pantanon. 
3-Ruanono 
Tmtrachloroothono 
l,l,282-Totrachlorooth8nm 
~1U.n. 
aoroburtur.  
rthylbontono 

CiS-1~2-DkhlOrOOth~ 

18 1 # 1-Trichloroothur. 

cla-l,3-Dich P oropropun 

50 
50 
50 
50 
50 
43 
50 
50 
50 
50 

- 50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
510 
50 
50 
50 
50 
50 
50 
50 
66 
50 
50 
50 
50 
50 

?ORX I WIA 

P 
[I 
U 
U 
U 
BJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 

3/90 R W  



I I 212360 DL 
Contr8ct: 434286 

SDG No.: 212383 Lab Cod.: Tci c.w No.: 10033 SAS NO.: 

Hatrix: (so i l /mtmr)  WATER Lab S-1. ID: 02005-1lA 

Sampl. v t ~ v o l :  5 (g/d) Lnb P i l o  ID: >E9659 

L.v.1: (low/&) ILIW 0.t. m i V . d :  02/01/96 

8 Hoisturo: not doc. ' D 8 t O  -1yt.d: 02/08/96 

GC Column: DB6l4 ID: 0.53 (n) Dilution F8ctor: 5 

S o i l  Extract Volurrcr: (a) S o i l  Aliquot Volume:  (-1 

13 3 0-2 0-7 3ryl.M ( t o t a l )  

mml I VOA-2 

so 

Q _qscc 

I -F. 

3/90 R w  



u 
VOLATIm ORGANICS ANALYSIS DATA S E f i  

.. 
Lab Namo: &ST. IbQlS Contract: 434286 

U b  Cod.: 'TCI- CIH No.: 10033 SAS No.: *sDc NO.: 212383 

Hatrix: (8Oil/WatOr) WATER kb S-1. ID: 02005-2OA 

Samplo wt/vol : 5 (g/=l) Lab ?ilo ID: >E9654 

L8v.l: (low/p.d) IMS DatO R0COiV.d: 02/01/96 

8 Moiaturo: not doc. 'Data -1yZ.d: 02/07/96 

GC Column: DB624 ID: 0.53 (mm) Dilution Factor: 1 

a 

74 
74 
75 
75 
75 
67 
7s 
7s 
75 
15 
15 
67 
10 

71 
54 
lo 
75 

10 
79 
12 
79 
71 

7! 

99 
la 
79 

7 8  

7 8  

io 

l a  

l a  
l a  
ia 
lo 

Qlorommthano 
Bremomothano 
Vinyl chlorido 
Qloroothano 
Llothylono Chlorido 
~cotono 
Carbon Di8ulfido 
l,l-Dichloroothono 
Ill-Dichloroothano 
traru-1,2-Dichloroothono 
cl~-l,2-Dichloroothono 
Chlorof o m  
1,2-Dichloroothano 
2-Buturona 
1.1. l-Trichlorwthano 
Carbon Totrachlorida 
Vhyl Acotato 
Bre#dichloromothano 
12-Dichloro ropano 

Trichloroothono 
Dibrarochl orornothano 
1,1,2-Trichloroothano 
buuuw 
tr8~-1,3-Dichloropropu# 
Lrarof OrB 
4-ll.thyl-2 -pentanon. 
i-uaxmono 
~chlorooth.no 
X, 1.2, 2-Totrachlo~thano 
doluubo 
drlorobmtono 
Xthylburtono 

&-1,3-Dich P oropropun 

10 u 
10 u 
10 u 
10 0 
2 B J  
32 B 
10 u 6 
10 u ' 
10 u 
10 u 

- 10 u 
10 u 
10 

10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 
10 u 

10 u t - 
1 J 

- 
?OM I VOA 3/90 R.V 



YX,?b7L u - 2  
VOUTILE ORGANICS ANALYSIS DATA SHEtT 

I 212370 
LabNaW:=ST.LxRITS Contract: 434286 I 
Lab Cod.: .-- Cam No.: 10033 SAS No.: SDC NO.: 212383 

Matrix: (aoil/w8tor) WATER Lab S-1. ID: 02005-20A 

Samplo vt/vol : 5 ( W a )  Lab ?ilo ID: >E9654 

Lovol: {low/mod) LOU Dato Rocoivod: 02/01/96 

Hoimturo: not doc. Data Ana1yZ.d: 02/07/96 

GC Column: DB624 ID: 0.53 (ma) Dilution lactor: 1 

Soil txt'ract Voluw: Soil Aliquot Volun.: (UL) 
Q 

~ ~ 

13  3 0-2 0-7 Xy1.n. (total) 10 3 I 



- lB 
YOLATIU ORGANICS ANALYSIS DATA SEEBT 

212370 I = A M L Y  IDENTIFIBD 

N~Bo: -8 C o n t r a c t :  434286 

Lab Cod.: 'Tct NO.: 10033 SAS NO.: SDC NO.: 212383 

H a t r i x :  (~oil/vator) WATER Lab Sarpl. I D :  02005-20A 

Sampl. vt)vol: 3 ( Q / W  1Q, Lab ?ilo ID:  >E9654 

L8v.l: (lov/wa) Iau Dato Rocdvod: 02/01/96 

8 N o i 8 t u r o :  not doc. .D.to AMlya.6: 02/07/96 

GC Column: DB624 ID: 0.53 (P) D i l u t i o n  ?actor: 1 

Soil E x t r a c t  V o l u w :  (a) Soil Aliquot Volua.: 
C O N ~ T X O L I  UNITS: 

Numbor TIC. found: 0 (W/L or Ug/w ug/L 

1. 
.2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 
10. 
11 . 
12 . 
13. 
14. 
1s . 
16 
17 . 
18 . 
19 . 
20 . 
21. 
22 . 
23. 
24 
25. 
260.  
27. 
280 
29. 
30 

f 



Lab n.w: w. Z m I S  I 212383 
Contract: 434206 

Lab Cod.: w? M O O :  10033 SAS NO.: S#; NO.: 212383 

Matrix: (aoil/uator) WATER Lab S-1. ID: 02005-OU 
Sampl. wt/vol: 5 ( W U )  = Iab ?ilo ID: >E9681 
L4v.l: (lou/Bod) mu Data Rocoiv.4: 02/01/96 
% Moisture: not doc. .Darn Analytd: 02/09/96 
GC Column: DB624 ID: o m  (n) Dilution Factor: 1 

soil Aliquot VoluD.: Soil Extract Volumo: (-1 

74-87-3 
7 4-8 3 -9 
75-01-4 
75-00-3 
7 5-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
15 6-5 9-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
70-87-5 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 
71-43-2 
10061-01-8 
7s-25-2 

roo-ri4 
100-42-S 

Q l O ~ t 2 t a n .  
~romomth.no 
Vinyl chloribo 
Chloroothanr 
Ilcrthylono Chlorido 
Acotono 
Carbon Diaulfido 
1,l-Dichloroothono 
1,l-DiChlO~than. 
traru-l,2-Dichlorooth~ 
cim-l,2-Dkhloroo.thUm 
Qloroforr 
l,2-Dichloroothano 
2-%utanono 
1 , 1, l-TriChlO~thun 
Carbon Totrachlorido 
V h y l  Acotato 
Braaodichlorawthano 
1 2-Dichloro ropano 
&-I, 3-DidOrOpm- 
Triclalor#thono 
Dlbtoaochlorommthano 
l,l,l-TrichlO~thana 
B o n z ~  
tr8nm-l,3-Dichloropropm 
m i  011 
4=M8thyl-l-purtan0nO 
i-lluunono 
T.trrchlorooth8no 
A,1,2,2-Totrachloroo~ 
m1uur. 
Ql0roburt.n. 
Bthylkntur. 

mm I m A  - .  

10 
10 
10 
10 
3 
12 
10 
5 
1 
10 

- 3 
10 
2 
7 
10 
10 
10 
10 
10 

550 
10 
10 
'10 
10 
10 
10 
10 
75 
2 
10 
10 
10 
10 

ie 

U 
U 
U 3- 
U 3- 
J O u  

E c 

U 
U 
U 
U 
11 
U 

u 

U 3 L 

J 

U q U 

- 
3/90 R.v 



u - 2  
VOUTILX ORGANICS ANALYSIS DATA S m  

Lab Nan: I h 8  Contract: 434286 

e 
* .  

Lab Cod.: TCT NO.: 10033 SAS NO.: S#; NO.: 212383 

. .  

e 

Matrix: (moil/vator) WATgR L.b Sarpl. ID: 01005-OU 

>E9681 Lab Pilo ID: Samplo vtlvol: 5 (9h . l )  = 
L8v.l: ( low/wb) mu Date Rocaivd: 02/01/96 

'Dato Analyzed: 02/09/96 

GC Column: DB624 ID: 0.53 (n) Dilution lactor: 1 

Xoisturo: not doc. 

(W Soil Aliquot Volur.:  Soil txtract Voluao: (-1 

Q w e  
1330-20-7 xylma (total) 

?Om I VOA-2 

10 
- 
3 

3/9c 

J 

R.V 

. .  



I 212303 i 
&b y.W: TCT-ST. LUIS Contract: 434206 I i 

Lab Cob.: T U  Yo.: 10033 SAS YO.: SDG No.: 212383 

mtrix: ( k o t ~ ~ a t o r )  U A ~  k b  S-1.. ID: 0200s-01A 

S.npl. wt/vol: 5 ( g a l  nL Lab ? i lo  ID1 >E9681 

L.v.1: .(lowlawd) Loll 0.t. Rocoivod: 02/01/96 

8 Hoi8tur.r not doc. 0.t. k u l y r . 6 :  02/09/96 

GC C o l i :  De624 ID: 0.53 (m) Dilution Factor: 1 

Soil Extract Vo1w.a (UL) . Soil  A l i q u o t  V o l W :  (UL) 

Numbor TIC8 found: 0 

1 

I 1. 
I 2. 
I 3 .  
. I  4 .  

1 

I 
I 
I 
I 
I 
I 
I 

1 ~ - - - -  

I 
.I 
I 
I 
I 
I 
I 

I 8 .  I I I I 1 
I 9 .  I I I I 1 
I 10. I I I I 1 
I 11. I I I I 1 
I 12. I I I I 1 
I 13. I I I I 1 
I 14. I I I I 1 
I 15. I I I I 1 
I 16. I I I I 1 
I 17. I I I I 1 
I 16. I I I I 1 
I 19. I I I I 1 

I I I 1 
I 1 

I 20. 1 
I 21. & I I 
I 22. R I I I 1 
I 23. I I I I 1 

- 1  1 
I 1 

I 24. 9 1 I 
I I 
I I I 1 

I 25. t 
I 26. 'i- 
I 27. I I I I 1 
I 2.. I I I I 1 
I 29. I I I I 1 
I 3 0 .  I I I I 1 
I I I- I I I .  



4 - 

- #!W%ykb u 
VOIATILI OREANICS ANALYSIS DATA SIHlcT 

I 212383 DL 
Lab N m :  Tcz-8T. -8 Contract: 434286 I 
Lab Cod.: TCT- C a m  No.: 10033 SAS No.: SDG NO.: 212383 
Hatriw: (soil/vator) WA- Lab S-1. ID: 02005-OU 

>E9658 Lab ?ilo ID: Sarplo vtlvol: 5 = 
L8v.l: (lov/wd) mu Dit. R0coiv.d: 02/01/96 
% Xoiaturo: not doc. 'Date krr1yZ.d: 02/08/96 
CC Column: OB634 ID: 0.53 (111) Dilution ?actor: 5 

Soil 

a 

a 

74 
74 
7s 
7s 
7s 
67 
7s 
7s 
7s 
1s 
1s 
67 
ia 
7a 

ia 

7a 
ia 

13 

ia 

ia 

ia 
ia 
ia 
ia 

71 
56 

7s 

79 

79 
71 

7s 

5¶ 
la 
7¶ 

1-87-3 
1-83-9 
1-01-4 
1-00-3 
1-09-2 
-64-1 
1-15-0 
1-35-4 
1-34-3 
16-60-5 
16-59-2 
'-66-3 
17-06-2 
1-93-3 
.-55-6 
1-23-5 
18-05-4 
1-27-4 
1-87-5 
1061-01-5 
'-01-6 

1-00-5 

~061-01-1 
r 2 m  

17- 

m-90-7 
10-4 1-4 
10-43-5 

4-4a-i 

,-43-a 

b3  E3rE IO-88-3 

Chloro~othano 
Bro~ol.thano 
Vinyl chlorido 
Chlonnthano 
Xothylono Chlorido 
Acatona 
Carbon Di8ulffdo 
1,l-Dichlorwthono 
1,l-Dichloroothano 
truu-l,2-Dichloroothuro 
cia-l,2-Dichlorwthono 
Qlloroform 
1,2-Dichloroothano 
2-~utanono 
1,1,1-Trishloroothano 
Carbon Tatrachlorido 
Vhyl Acotato 
Brarobichlororethano 
1 3-Dichloro ropano 
&-1,3-Dich E oropropum 
Trichloroothono 
Dibrorochl OrOrothano 
1,1,3=Trichlorootham 
k r u r r w r  
truu-l,3-Dichloropro~o 
l rao f  o m  
4jlothyl-2-pontanono 
~-Eoxanono 
?atrachlorocathono 
1, 1,3, 3-Totrachloroathan 
roluum 
Olorobmzono 
Ethylburton. 
8- 

50 
so 
so 
50 

8 
50 
50 

5 
' so 
- 50 

so 
so 
50 
so 

5 
50 
50 
50 
50' 
so 
530 

50 
so 
so 
50 
50 
50 
50 

so 
50 
so 
50 
so 

73 

?OM I VOA 

P 
P 
P 
P 
gf 
U 
U 
J 

U 
0 
U 
0 
0 
U 

U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
0 
IJ 
0 

J 

0. 

3/90 RoV 



212383 DL 

u - 2  
VOIATILB ORGANICS ANALYSIS DATA S m  

Lab Haw: M. ImxS Contract: 434286 

Lab Cod.: 'Tm Caw No.: 10033 SAS No.: SDG NO.: 212383 

Matrix: (aoil/uator) WATXU W S-10 ID: 02005-OU 

Sampl. vt/vol: 5 (g/U) Lab F i l a  ID: >E9658 

Uv.1: (lov/Bd) IIHl Dato Rocoivod: 02/01/96 

Moiaturo: not doc. 

GC Column: DB624 ID: 0.93 (P) 

Soil mract Volumo: 

-Data AMlyZ.6: 02/08/96 

Dilution lactor: 5 

Soil A l i q u o t  V o l u r . :  

13 3 0-2 0-7 Xylur. (total)  

e 

7 
e 



1B 
WfATfLE ORGANICS ANALYSIS DATA SHEET 
TglTATIVELY IDEWTI?IlD cow#uRsDbl 

fab R a w :  =. XmIs Contract: 434286 

Lab Cod.: Tcr -8. NO.: 10033 SAS NO.: SDC NO-: 212383 
Matrix: (moil/mt.r) WATER Lab S-1. ID: 02005-OU 

Samplo vt/vol : 5 (g/=l) = . Lab ?il. ID: >E9658 

IAv.1: (lOW/md) mu D8t. Rocaivod: 02/01/96 

Molmtur.: not doc. .D8t.  Aruly2.d: 02/08/96 

CC Column: DB624 ID: 0*53 (mm) Dilution ?.&or: 5 

S o i l  Extract Voluw: (UL) Soil Aliquot Volume: 

NumborTfC. found: 2 

1. 
. 2 .  
3 .  
4 .  
5 .  
6.  
7 .  
8 .  
9 .  

10 . 
11 . 
12. 
13. 
14. 
15. 
16. 
17 
18 . 
19. 
20 . 
21. 
22 . 
23 . 
24 
25. 

27 . 26. 

28 . 
29. 
30 

?OM I VOA-TIC 

RT 
16a91 
21.97 

74 
190 

0 
I__ 

J 
J 

3/90 R W  



i 
+;T\z:?* u 

YOIATILt ORGANICS ANALYSIS DATA SHEET 
212439 

Lab N a n :  *. IOOIS Contract: 434286 I 
Iab Cod.: Tc, Ca.0 No.: 10033 SAS No.: SDG No.: 212383 

Matrix: (.oil/wator) WATER Lab Sample ID: 02005-10A 
>E9650 

Uvol: (lov/aod) Urn Dato Rocoivod: 02/01/96 
Xoi8turo: not doc. 'D8tO kr8lyZ8d: 02/07/96 

Lab ?ila ID: Sample vtpol : 5 (w-1 IQ, 

GC Column: DB624 ID: 0.53 (ma)  Dilution ?actor: 1 
Soil Extract Volumo: (-1 Soil Aliquot Volumo: 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
7s-09-2 
67-64-1 
7s-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
12 4 -4 8-1 
79-00-5 

10061-Oa-6 
71-43-a 

108-901'1 . ' 

100-41-4 
100-42-5 

Chloro~othano 
Bronauthano 
Vinyl chlorido 
Chloro8than. 
Mathylmno Chlorido 
Acotono 
Carbon Disulfide 
l,l-Dichloroothono 
1,l-Dichloroethano 
tran8-1,2-Dichloroothm. 
ci8-1,2-Dichloraclth.n. 
Chlorof o m  
l,2-Dichloroethano 
2-Butanone 
l,l,l-Trichloroothano 
Carbon Totrachlorido 
Vinyl Acatato 
BrosoBichloromethano 
1 2-Dichloro ropano 

Trichlorcmthono 
DUrarochloromethano 
i,i,a-~richlor~~thano 
Donsum 
truu-l,3-Dichloropropono 
porof o m  
i-i#othy1-2-pontanono 
S-Emxanone 
'A+r.chlorortheno 
S, 1,2,2-T.trachloroothano 
Qkloroburtano 

cis-l,3-Dich P oropropono 

Bthy1bmrr.n. 

10 
10 
10 
10 
2 
60 
10 
10 
10 
10 

- 10 
10 
10 
6 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

3 
3 
U 
U 
gJ 
B 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

J 

I u 

. .  
FORM I VOA , 3/90 Rav 



0 2 7  -= 1 A-2 
VOUTXU ORGANICS -ANALYSIS DATA SEKET 

212439 
Lab N a w :  h. UUIS Contract: 434286 I 
Lab Cod.: ' T u .  -80 NO.: 10033 SAS NO.: $#; NO.: 212383 

Matrix: (moil/ucrtor) WATER Lab Sampl~ ID: 02005-10A 

>E9650 

L.v.1: ( l O V / m d )  mu Dato Rocoiv.6: 02/01/96 

U b  P i l o  ID: Samplo vt/vol: 5 (g/rl) = 
% Xoimturo: not doc. *Dat. kralyZd: 02/07/96 

GC Column: DB624 ID:  0.53 (mm) Dilution Factor: 1 

(UL) Soil  Extract Volumo: (-1 soil Aliquot v01-8: 

13 3 0-2 0-7 Xyluro (total) 

FOR?! I VOA-2 

10 

- 

. .  

.- 

3/90 ROv 



It ms&nP~, 
VOLATIU ORGANICS ANALYSIS WTA SEatT 

m A T I V E L Y  IDtWTI?IED COXFOUNDS I 212439 I L 

Lab #am.: *. m s  Contract: 434286 
. .  

Lab Code: e Caaa No.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (soil/vater) WATER Lab Samplm ID: O2OOS-1OA 
Sample vtp~ol: 5 (g /W = Lab ?ila ID: >E9650 

Iavol: (lov/m.d) rx)W Data Rmcaived: 02/01/96 
% Moiatura: not doc. 'Data Analytad: 02/07/96 

GC Column: DB624 ID: 0.53 (m) Dilution Factor: 1 
Soil Extract Voluma: ( UL) Soil Aliquot Volumo: . 

Numbor TIC8 found: 3 

CAsNtRtaER 

1. 1120214 
2. 
3. 112403 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 . 
18. 
19. 
20 
21. 
22. 
23. 
24 . 
25 . 
26. 
27. 
28. 
29. 
3 0 -  

RT 
24 . 89 
26.08 
27 . 39 

8 
6 
10 

mRX I VOA-TIC 3/90 Rav 



Ib 
S-LATIU ORGANICS ANALYSIS DATA SEXBT 

r 212363 
Iab Namo: e S T .  UOIS Contract: 434286 I 
Lab Cod.: TCI- NO.: 10033 SAS 100.: SDG NO.: 212383 

Matrix: (~oil/vatu) WATER Lab S-1. ID: 2005-l4A 

Samplo vt/vol: 1000 (g/=l) = Lab ?ilo ID: >OS314 

Roc0iv.d: 02/01/96 L.v.1: (lov/r.d) mw Dat. 

8 nOi8tlXO: docantod: (Y/N) W Dato 

Concmntratod -act Voluu: 2000 (uL) D8to 

Injmction V o l u r . :  1.0 (uL) Dilu 

CPC Clmanup: (Y/W) W pH: 7 

Extract& : 02 /.06 / 9 6 

AM1yt.d: 03/01/96 

:ion ?actor: i 

100-95L2 
111-44-4 
9s-57-8 
541-73-1 
106-46-7 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
621-6407 
67-72-1 
98-95-3 
78-S9-1 
88-75-5 
105-67-9 
111-91-1 
12 0-8 3-2 
120-82-1 
91-20-3 
106-47-8 
870-03 

"i#.- 88 

95 
91-U-t 
88-74-4 
131-11-3 
208-9608 
606-20-2 
99-09-2 
83-32-9 

Phmol 
bi8 (2-ChlOrOothyl) mU 
2-Chlorophenol 
1,3-Dichlorobentono 
184-Dichloroknzma 
1,2-Dichlorokntmo 
2-~thylphonol 

4-Hothylphonol 
N-Witroso-di-n-propyl~~o 
E~wchlororthano 
#ftrohntenm 
I80 horona 
2-W 'p trophmnol 
2,4-DiBOthylphmnOl 
bia( 2-Chloroethoxy)uthur. 
2,4-D~chlOrOphU101 

Raphthalmno 
I-Chloroani lino 
Eaxachlorobutadiono 
I-Chloro-3-m8thylphonol 
2-Nothylnaphthalono 
BIYachlorocyc lopmntadiono 

~-Chloronaphthalono 
2-Nitroanilino 
Dhothylphthalata 
Acura hthylmno 
216+ K itrotoluu~o 
3-llitroanilina 
hcuraphthmno 

bi8(2-ChlOrOi8OprOpyl)O~U 

18 2 # 4-Trichloroburrono 

~,4,6-TrichlOrOphmOl 
2~4,5~iChlOrOphOnOl 

?om I m - 1  

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
50 
20 
50 
20 
20 
10 
50 
20 

- 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

90 Rev 

&PA2 



A i t  

-: 8 2 7  . -  

-! I 
1c 

SD1Iw)LATILI ORGANICS ANALYSIS DATA 

212363 
Lab Nan: a. m S  Contract: 434266 I 
Lab Cod.:' db C.U NO.: 10033 SAS NO.: SDG No.: 212383 

Matrix: (moil/urtu) UATSR Lab Sarpl. ID: 2005-14A 

Samplo vt/vol : 1000 ( m u  = Lab ?ila ID: >D5314 

Lav.1: (lOv/r.d) Lou D.k R - d v e d :  02/01/96 

8 Moiatur.: docantmd: ( Y / I )  lI D.k -act&: 02/06/96 

~oncantratod =act Volun: 2000 (a) D8ta Am1yt.d: 03/01/96 

Inj8cfiOn Voluw: 1.0 (a) Dilution ?actor: 1 

GPC Cloanup: (Y/W) I pE: 7 

CAS NO. - (W/L or W l t g )  W/L 

51-26-5 
100-02-7 
132-64-9 
121-14-2 
04-66-2 
7 005-72-3 
06-73-7 
100-01-6 
12 6-7 3-8 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
07-86-5 
0s-01-6 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 

2 0 7 4 8 3  
50-32-8 
193-39-9 
53-70-3 
191-24-2 

FORI! I sv-2 

. .  

so 
so 
20 
20 
20 
20 
20 
so 
6 

so 
20 
20 
20 
so 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

S 
20 
20 
20 
20 
20 
20 
20 

- 

U 
P 
U 
(3 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
0 
U 
U 
U 
U 

J 

3 / 9 0  RmV 



8 2 7  

c 

- I? 
SptIfloUTILB ORGANICS ANALYSIS DATA SEfEEF 

T p c p A T m Y  1DMTIII:H) CoIIpOONDS 

Lab N u :  d 8 2 . f i o o l U   ont tract: 434286 

m 
Lab Coda: c.H no.: 10033 

Matrix: (soil/vatu) WATER 

Saapla wt/vol: 1000 t g / W  
-Val: (lOW/BOd) 

Moistura: dacantod: (Y/N) N 

Concantratad Extract Vol tmo:  2000 

Injaction Volmo: 1.’0 (uL) 

GPC Cloanup: (Y/N) N pH: 7 

Nulkr TIC8 found: 19 

1. 
2. 
3 .  
4 .  
5. 
6. 
7 .  
8. 
9. 

10. 
11. 
12 . 
1 3  
1 4  
15 . 
16. 
17. 
18. 
19 . 
20 . 
21. 
22. 
23 
24. 
25 . 
26 . 
27 . 
28 . 
29. 
30 . 

79016 
127184 

SAS No.: SDG No.: 212383 

Lab Sarpla ID: 2005-14A 

Lab ?ilo ID: >D53 1 4  

DatO rnC0iV.d: 02/01/96 

Dato -acted: 02/06/96 

D8ta h8lyZ.d: 03/01/96 

Dilution ?actor: 1 

RT 

4.50 
7.13 

19 . 16 
8.74 

19 72  
20.26 
21.94 
22 . ss 
22.61 
22 96  
23 07 
23 22 
23.49 
23.56 
23.73 
24 04 
24 24 
24 SS 
30.97 

EST.’ CONC. 

98 
39 
18 
19 
37 
26 
34 

250 
27 
53 

510 
970 
180 
280 

1200 
2 10 
870 

83 
1s 

Q 
J J  
J d  

- 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J J  

4 3 1r.U 

3 / 9 0  Rev 



,+ ,;p2t:z-. ID 
SpqYoLJLTILI O m C 3  ANALYSIS DATA S"E 

I 212373 
Lab N m :  -8T. W U I S  Contract: 434286 I 

* SDG No.: 212383 Lab Cod.: e C.80 NO.: 10033 SAS NO.: 

Hatrix: (soil/vator) WATER Lab S-1. ID: 2005-23A 

>D5313 Lab Pilo ID: Sampla wt/vol: 1000 (g/rl) 1QI 

Lev.1: (low/r.d) mw Dato Rocoivod: 02/01/96 

8 n O i 8 t W O :  docantd: (Y/I) N Dato Extracted: 02/06/96 

Concentratod Extract Voluw: 2000 (a) D8tO An8lyt.d: 03/01/96 

Injection Voluw: 1.0 (a) Dilution ?actor: 1 
GPC Cloanup: (Y/N) N pE: 7 

CAS NO. co!mouND (W/L or w / w  w / L  

108-95-2 
111-4 4-4 
95-57-8 
541-73-1 
506-4 6-7 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
621-6407 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
111-91-3 
120-8302 
120-82-1 
91-20-3 
106-47-0 
874-3 

80-744 
131-11-3 
208-96-0 ' 

606-20-2 
99-09-2 
83-32-9 

Phrnol 

2 -Chlorophenol 
1,3-Dichlorobmto.na 
l,4-Dichlorobantono 

2-BI8thylphonol 
bi8(2-Chloroimopropyl)othor 

W-Nitrosodi-n-propylamino 
€Iaxachloroothano 
NitroB.neono 
180 orono 
2-M r trophwol 
2,4-Dbothylphonol 
bim (2-Qloroothoxy) -thane 
2,4-D~chlorophrnol 
1,2,4=TrichloroImn~mo 
kpbthalono 
4-Qloroanilino 
Prrrchlorobutadiono 
4-Qloro-3-wthylphrnol 
2-Uathylnaphthalono 
~ c h l o r ~ c l o p u r t a d i o n o  
2,4,6-Trichlorophurol 
3,4,5-Trichlorophurol 
l=Chloronaphthalurr 
l-litrourilino 
Dhthylphthalato 
Aeurrr thylon. 
2,6-D e itrotolurno 
3-litroanilino 
Aco~phthono 

bi8 (3-QlOr00thyl) mu' 

1,2-Dichlorobmt8n~ 

4-lI8thylph~Ol 

? o ~  I sv-1 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
50 
20 
50 
20 
20 
20 
50 
20 

- 

Q 

U 
U 
P 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 
U 
U 

3/90 Rev 



Lab Codor' *- C... Roe: 10033 SAS BO.: SDG ROO: 212383 

Matrix: (8Oil/VatU) WATW L& -10 ID: 2005-23A 

Sample wtpol: 1000 ( g / W  1Q1 Lab ?ilo ID: >D5313 

L.v.1: (lw/wd) Ixm D8to R0eeiv.d: 02/01/96 

nOi8tUO: doc8nt.d: (Y/N) R D 8 h  02/06/96 

Concontratod Extract V o l u w :  3000 (uL) D8tO Aru1yt.d: 03/01/96 

Injoction Volum: 1.0 (uL) Dilution ?actor: 1 
GPC Cloanup: (Y/N) l! pR: 7 

si-aoks 
zoo-03-7 
13 2-64 -9 
121-14-2 
84-66-2 
7005-72-3 
06-73-7 
10 0-0 1-6 
12 6-7 3-8 
534-42-1 
86-30-6 
101-55-3 
118-74-1 
07-064 
85-01-8 
120-12-7 
86-74-8 

206-44-0 
129-00-0 
83-t 

8 4 - n - a  

2,4-Dinitrophonol 
4-Nitrophonol 
Dibuuofuran 
2,4-Dinitrotoluono 
Diothylphthalato 
4-Chlorophonyl-phmyl othar 
? luor on. 
4-Nitroanilino 
TributylphO8pbatO 
4,6-Dinitr0-2-wthylphonol 
H - N ~ t r O 8 O d ~ p h ~ y l ~  
I-Broroph~ny l-phmyl~tau 
H~chlorokntono 
Pontachlorophonol 
Phururthron. 
& I t h r a C U l O  
Cubmtol. 
Di-n-buty lphtha 18- 
Iluormthono 
w-- 
m q - 2  iphtuiat. 

W,3'-0ich 1 oroknridinr 
- - -0t.1 urthracuao 

so 
so 
20 
20. 
20 
20 
20 
50 
20 
SO 
20 
20 
20 
so 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

S 

- 

ao 
ao 
ao 
ao 
20 
20 
20 

U 
U 
U 
P 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 

mRx I sv-2 



l? EPA SAUPLE n0. 

i 
G * I  SDlZ'VOIATILU ORGANICS ANALYSIS DATA SEKET - -- 

212373 I -TIVKLY IDQITf?IH) COMFOUNDS 

Lab N~M: * p P . m 8  Contract: 434286 

Lab Cod.: TCI Cau No.: 10033 SAS No.: SDG No.: 212383 
Matrix: (soil/vator) WAm 

Sample wt/vol: 1000 

kvel: (low/rod) Urn 

Moiaturo: docantod: (Y/N) N 
Concontratod Extract Volume: 2000 

Lab SarplO ID: 200502% 

Laq ?ilo ID: >OS313 

Data Rm~0iV .d :  02/01/96 

Dato Bxtractod: 02/06 /96  

Injection Volur.: 1.0 (ut) Dilution Factor: 1 
GPC Cloanup: (Y/N) N p0: 7 

e 

a 

Number TIC8 found: 0 

1. 
2. 
3. 
4 .  
5.  
6. 
7. 
8. 
9. 

10 . 
11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17. 
18 . 
19  . 
20. 
21. 
22, 
23 , 
24 
25, 
26. 

28 . 
29 . 
30 , 

a7 . 



SDSXVOLATIU ORGANICS ln ANALYSIS DATA SEKBT f7kt?q2ki 
212386 

Lab Nan: %QE-BT. -8 Contract: 434286 

Lab Code:' TCS NO.: 10033 SAS NO.: - SDG NO.: 212383 

Matrix: (moil/vatu) WATHI Lab S-1. ID: 02005-O4A 

>OS370 Samplo wt/vol: 1000 ( g / W  = Lab ?ilo ID: 
L.v.1: (lov/mod) urn Data 8.COiV.d: 02/01/96 

8 nOi8tWO: docantod: (Y/N) N . Dato Extractod: 02/06/96 
Concentratod Extract Voluu: 2000 (uL) DaU kra1YS.d: 03/05/96 

Injection Voluw: 1.0 (a) Dilution ?actor: 1 

GPC Cleanup: (Y/N) W pII: 7 

CAS NO. caPouND (ug/L or W / W  W / L  

a 

108-95-2 
111-4 4-4 
95-57-8 
541-73-1 
106-46-7 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
9 8-9 5-3 
78-59-1 
88-75-5 
105-67-9 
111-91-1 
120-83-2 
120-81-1 
91-20-3 
106-47-8 
87-68-3 
59-50-7 
9 1 - 9 4  
7 7 - 0 4  qZ$- 8 

isa- 
20+96-8 
601-10-1 
99-09-2 
83-32-9 

Phurol 

2-Qloro henol 

184-Dichlorokntono 

2-Wthyl honol 

4-Hothylphenol 
N-Nitroao-di-n-propyl& 
Eurachlororthano 
Nitrobonzene 
I- heron. 
2-1 P trophmol 
2 4-Dhathylphonol 
bi8 (2-Chlor00tho ) nth8no 
2,4-Dichlorophono Y 
Naphthaleno 
4-Qloroani lino 
Emxaehlorobutadiona 

bi8 (2-ChlOr00thyl) Bthu 

1,3-Dich P orobonzono 

bi8 (2- P oroimopropyl) o t h u  

1~2-DichlOrOburZ~O 

182,4*iChlOrOhZm 

3-Hitr-i U n o  
Ilcuuphthon. 

20 
20 
20 
20 
20 
20 
20 

- 20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
so 
20 
50 
20 
20 
20 
50 
20 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 r 

?om I sv-1 3/90 Rev 



ii 3. 8 2 7  

#mC!$Zk 1c 
S-LATXLB ORGANICS ANALYSIS DATA SEEE2 

I 212386 I ' P  

Lab Na#: a m .  mUI8 Contract: 434286 

SDG NO.: 212383 Lab Cob. :  -0 NO.: 10033 SAS No.: 

Matrix: (moil/uatu) WATER Lab S-1. ID: 02005-O4A 

Sampl. vt/vol: 1000 (g/ml) = Lab Pilo ID: >D5370 
L8v.l: (lav/Dod) rnrr Data ROC0iV.d: 02/01/96 

a Moimtur.: d-tod: (Y/N) N Data Bxtractmd: 02/06/96 

Concontratod Bxtract Voluu: 2000 (a) 0.- Analyzod: 03/05/96 

Injection Voluu: 1.0 (UL) Dilution ?actor: 1 

GPC Claanup: (Y/N) N pa: 7 
4% c 

0 

51-20-5 
100-02 *7 
132-64-9 
12 1-14-2 
8 4 -6 6-2 
7005-72-3 
86-73-7 
100-01-6 
126-7 3-8 
534-52-1 
86-30-6 
10 1-55-3 
118-74-1 
87-86-5 
85-01-6 
12 0-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 
85-68-7 
91-94-1 

193-3- 
53-70-3 
191-24-2 

2,4-DfnftrOphUrOl 
4-#itrophonol 
Dikntofuran 
2,4-Dinitrotoluano 
Diothylphthalata 
4-Qlorophonyl-phony1 othu 
Iluorono 

Tributy lphomphato 
4,6-Dinitro-2-wthylponol 

4-Bro~phonyl-~onylothor 
Hoxachlorobmtum 
Pontachlorophanol 
Phuranthrona 
Anthracano 
Carbazol. 
Di-n-but lphthalato 

punn. Butylburc lphthalato 

brruo (a) urthraccm. 
ory-. 
bb(2-Bth lhuryl) thrlato 

-0 (b) f luoranthono 
brnto (k) f luoranthono 
-0 (a) wr- - ( 1,2 # 3-d) pyrrrw 
Dirlruo (8, h) anthracum 
-o(g,h, i)pryl- 

4-Witr0anili~ 

W-Nitromodiphon 1- 

Iluoran +K on0 

3,3'-Dich 1 orobonridim 

Di-n-octy r phthala ph 0 

?om I sv-2 

50 
50 
20 
20 
20 
20 
20 

- 50 
20 
50 
20 
20 
20 
SO 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

5 
20 
20 
20 
20 
20 
20 

U 
U 
U 
U 
U 
P 
U 
U 
U 
U 
U 
U 
U 
U 
u 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
P 
U 
U 
0 
U 
U 

J 

3 / 9 0  Rmv 



l? 
-TIL# -CS AIuLpS18 DATA S8XtT 
.i- -Y ID-IIIH) CoIBoCRIDS 
:&- 

Lab Name: *#T.UUIS Contract: 434286 . 
if 

I I 212386 

Lab Cod.: Caw No.: 10033 SAS NO.: .SDG RO.: 212363 

natrlx: (.oil/watu) WA- L.b S-10 ID: 02005-O4A 

>D537O 

kvol: (lov/nd) rn D8- m i V d :  02/01/96 

8 H O h t W O :  docantd: (Y/11) N D 8 h  -8-d: 02/06/96 

Concontrat.6 -act Voluw: 2000 m t 8  halytd: 03/05/96 

Sarpl. */volt 1000 (Q/W = L.b til8 ID: 

fnjoctlon Voluw: 1.0 (uL) Dilution ?actor: 1 
GPC Cl8anup: (Y/N) N pB: 7 

-OII UNITS: 
(w/L or ug/W W/L AStL  M m b u T I C .  found: 22 

1. 
2. 
3.  
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13 
14. 
15 . 
16 
17. 
16 
19 . 
20. 
21. 

230 
24 
25. 
26 
27 
28 

2a. 

29 . 
30. 

758S4 
563804 

79016 
127184 

2S01316b 

156950a 

W U N D  N M B  RT 
4.74 
$ 0  12 
5-70 
6. 13 
8-78 
20.80 
21.06 

23 96 
24 52 

a2.18 
2a . sa 
a4.93 
33.04 
 ai 
25.47 
25.56 
25.75 
16-02 
26.12 

33 . 53 

a6.24 
a 6 . ~  

BST. conc. 
17 
15 
17 

- 85 
35 
45 
12 
11 
12 
9 
59 
18 

130 
570 
30 
75 

1200 
47 
15 
680 
19 
9 

3/90 R.v 



~ Lab P i l o  ID: >E9668 In i t .  -lib. Dato(s) : 02/07/96 

~ Hoatod Purge: (Y/N) N In i t .  Calib. T h 8 :  
~ GC Column: OB624 ID: 0.53 (Is) 

chlo 
BrOB 
Viny 
chlo 
Uoth  
Acot  
a r b  

+ran 
cis- 
chlo 
182- 
2-BU 

Carb 
Viny 
Brom 
1 8  a- 
cis- 
Tric 
D i b r  
1, i8 
Burt 
tran 
BrOm 
4-no 
7-80 
Totx 
1,1, 
polu 
C U O  

i8 1- 
i8 1- 

1 8  1 8  

lw - 
0711 

10.114 

514 
1.174 

240 
2 . 790 
1.00s 
1.947 
1.142 
1.241 
2.350 
1.278 

. 768 

. 380 

.661 . 676 

. 778 

.366 

.647 . 493 
1.214 . 503 . 847 

.553 
1.114 . 360 

.230 . 543 

.816 
1.039 
1.051 

405 
.a66 . 509 

m 

. a 2  

RIVOSO 

-868 
1.343 

- 
i-osa . 676 
1.341 

-283 
3.457 
1.169 
a . 3 ~  
i .36a  

1.737 

. 4a6 

.7a6 

1.496 

.740 . 534 
-770 
390 
648 . 501 

1.171 . 501 
970 
601 

1.000 . 369 . a59 . sa6 
890 

1.050 
1.109 . 430 

,937 . s40 

iiGE3-n 
I 

FORM V I 1  VOA 

10: 23 

ALIT 
Rw 

. 100 . 100 

- 

. 100 . aoo 

. aoo . 100 

. 100 . 100 

. 200 

.200 
300 . 100 . 100 . 500 . 100 . 100 

.200 . 500 . 400 . 500 . 100 

.300 
300 

x n  

8D - 
11.1 # 
17.8 

16.3 
19.8 

14.9 

17.0 

9.6 
90s 

10.8 
l* 0 
6.5 

0 1  

1.6 
3.6 

03 
14.6 
8.6 

2.6 

3. 1 
9 .1  
1. 1 
5.  S 
6.1 
8 .3  
7.7 

r 

a3.9 

i9 .a  

3a.3 

16.S 

10.2 

1a.S 

12 : 42 

-5im 
8D - 

7 5 . 0  
25 .0  

25.0 
a5.o 

a5.o 
25 .0  

25.0 
25.0 

a5.o 

7 5 . 0  
a5.o 

75.0 
a5.o 
a5.o 

as.0 

a5.o 

a5.a 

25.0 

25.0 

25.0 
25.0 

25.0 
25.0 

- 

b 
6 

3/90 



7A-1 
VOLATIU .CONTINUING CALIBRATION QQol 

fnattumont ID8 597023 calibration Dato: 02/09/96 T ~ D O  
tab ?ilo ID: >E9668 Init. -lib. Ddto(s) : 02/07/96 

Heat& Purqo: (Y/I) I Init. Calib. Tho.: lot23 l2:42 
G c c  !oltmn: DB624 ID: 0.53 (n) 

. ----- 
=.LpIII----= 

10.5 Toluonod8 e971 a869 
4-Brorof luorobon~ono -698 m620 e200 11.1 25.0  
1,2-Dichloroothano44 1.051 1.129 7.0 

mU8t moot~rinimum dm.01O. 1111 othor corpoUnar - 
POW VI1 VOA-2 3/90 



1 I 212439 
Contract: 434286 

U b  Cod.: TC? Cas. No.: 10033 SAS No.: SpC NO-: 212383 
Xatrix: (aoil/wator) WATZR Lab S-1. ID: 02005-10A 

S8aplO lft/VOl: 5 (WU) NL Lab Pilo ID: >E9650 

fAV.1: (lOW/rod) Urn Date .ROcdV.6: 02/01/96 
8 Xoimturo: not doc. 'D8tO -1yZ.d: 02/07/96 

GC Colun: OB624 ID: 0.53 (II) Dilution ?actor: 1 

Soil Extract Volumo: Soil Aliquot Volm.: 

74-87-3 
74-83-9 
7 5-0 1-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-3 5-4 
75-34-3 
156-60-5 
15 6-59-2 
67-66-3 
103-06-2 
78-93-3 
71-55-6 
56-23-5 . 
108-05-4 
95-27-4 
78-07-5 
10061-01-4 
79-01-6 
124-48-1 
79-00-4 
71-43-2 
10061-02-4 
7~02s-a 

79-3 

100-90-7 
100-41-4 
100-42-4 

Q 
Br vi 
Q 
?lo 
Ac 
c8 
1, 
1, 
tr 
ci 

,orornothano 
mmothano 
ryl chlorido 
,omothano 
bylono Chlorido 
ttono 
phon Di8uLf id. 
,-Dichloroothono 
,-Dichloroothano 
~8-1,2-Dichlor~thono 
1-l,2-Dichloroothono 

Chloroform 
1,2-Dichloroothano 
24utanono 
1 , 1 , 1-Trichloroothano 
Carbon Tatrachlorido 
Vinyl Acotato 
B r o m d  ichl or ornothano 
1 I-Dichloro ropano 

Dibtarochloromothano 
l,181-Trichloroothano 
-2- 
truu-103-Dichloroprop.no 
loorof 011 
4-Wmthyl-2-pontanono 
a-%uranono 
~achloroothono 
l0 l8 2 ~-Totrachlonnthano 
m1u.n. 
ahlorobontono 
Bthy1ms.n. 
styrum 

cia-1 3-Dich P oropropum 
TrichiOrOOth.*. 

10 
10 
10 
10 
3 
60 
10 
10 
10 
10 

- 10 
10 
10 
6 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

U 
U 
U 
U 
aj 
B 
U 
U 
U 
U 
11 
U 
U 

U 
U 
U 
0 
U 
U 
U 
U 
U 
0 
U 
U 
0 
U 
U 
U .  
U 
U 
U 
0 

J 

€WU I VOA 3/90 Rov 



u - 2  
-UTI= OREA#rcS ANALYSIS M T A  

~ . b  N-: I&&. u m n  Contract: 434286 

Lab Coda: TC? c.w No.: 10033 SAS No.: SDG NO.: 212383 

l4atrix: (moil /mtar)  W A m  Lab S-1. ID: 02005-1lA 

Sampl. Wtlvol: 5 (q/=u I& F l l o  ID: >E9659 

L8v.l: ( low/nd)  m kt0 m i V . d :  02/01/96 

Hoimtura: not dac. 'DltO ku1yt.d: 02/08/96 

GC Column: D B 6 M  ID: 0.53 (n) Dilution Factor: 5 

S o i l  Extract Volurw: S o i l  Aliquot Volum.: (-1 , .  

a 

Q 

1330-10-7 ry1.n. (total) so 

- 

7 
L 

3/90 ROV 



18 
VOZATIU ORGANICS ANALYSIS U T A  SEEtT 

m A T I V E L Y  IDtNTIPItD coII#wNwI 

Contract: 434286 I 232439 I 
Lab Cod.: TCT . Cas. NO.: 10033 SAS NO.: * S f f i  NO.: 212383 
htri%: ( 8 O i l / V 8 t O t )  W A m  Lab Sa~pl. ID:  02005-1OA 

Sampl. vtpol: 5 ( W d )  Lab ?ih ID: >E9650 

IAv.1: (lOW/md) mu 0.t. Rocoivd: 02/01/96 

CC Column: OB624 ID: 0.53 Dilution ?actor: 1 

8 Bfoistur.: not  doc. 'Data AnalyZ.6: 02/07/96 

(UL) Soil Extract Volur.: ( UL) Soil Aliquot v o l ~ o :  . 

Number TICS found: 3 

1. 1120214 
2. 

4. 

6. 
7. 
8. 
9. 
10. 

3 0  liar03 

5 0  

11. 
12. 
13. 
14. 
15 . 
16. 
17. 
18 . 
19 . 
20 . 
21 . 
22 . 
23 . 
24. 
25 . 
26. 
27 . 
28 0 
29 
300 

I 

nXU! I VOA-TIC 

24-89 
26.08 
37 . 39 

ESTo 'CONC. 

8 
6 
10 

3/90 Rov 



7- 

212370 

Lab Cod.: 'TCL a.0 No.: 10033 SAS NO.: SW NO.: 212303 

Xatrix: (soil/w8tor) WA- Lab Sa~pl. ID: 02005-20A 
Samplo wt/vol : S ( W d )  Lab ?ilo ID: >E9654 
&Val: ( l O V / ~ )  xm D8tO R . c d V . d :  02/01/96 
Xoiaturo: not doc. 'Date -1yZ.d: 02/07/96 

GC COlUaUr: OB624 ID: 0.53 Dilution F8ctor: 1 
Soil Extract Volume: (a) Soil Aliquot VoluD.: 

74-07-3 
74-03-9 
75-01-4 
75-00-3 
7s-09-2 
6 7 -64 -1 
75-15-0 
7s-3s-4 
75-34-3 
156-60-5 
lS6-49-2 
67 -6 6-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
100-05-1 
721-27-4 
78-07-S 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 

10061-02-4 
71-43-1 

7s-2s-a 

ia7- 
79- Ei@ 10.-* 

10030-7 
100-41-4 
100-42-5 

drlorowthano 
8romomothano 
vinyl chlorido 
Chloroothano 
X.thylur. Qllorido 
-tone 
Carbon Diaul L id. 
1,l-Dichloroothono 
1, 1-Dichloroothano 
tr8ru-l,2-Dichloroothono 
cia-l,2-Dichloroothano 
Chloroform 
1,I-Dichloro~thano 
2-mtanono 
l,l,l-Trichloroethano 
Carbon Tatrachlorido 
Vinyl Acotate 
brorodichloromathano 
1 2-Dichloro ropano 

Trichloroothano 
Dib~hloroaathano 
l,l,a-Trichloroothano 
burson. 
ttuu-l,3-Dichloroprop.n~ 
hrnoform 
I-Hothyl-2-pantanono 
~-Eo%anono 
2.+rachloroothana 
1, 1,2,2-',?0trachloroath.n0 
r0lU.n. 
01oroknt on. 
Ethylburzeno 
st- 

&-1,3-Dich P oropropono 

10 
10 
10 
10 

32 
10 
10 
10 
10 

- 10 
10 
10 
10 
1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

a 

1 

I 
L l J  
L 
1 

I 
L 

?Om I VOA 3/90 R W  



u - 2  
VOUTIU ORGANICS ANALYSIS DATA S)QFT 

I 212370 
Contract: 434286 

Lab Cad.: .= Caw NO.: 10033 SAS NO.: SDG NO. t ' 212383 

Matrix: ( a o i l / i t . r )  WATW 

Samplo vt/vol: 5 (a/rll Lab, Pilo I D :  >E9654 

Lavol: {lov/mod) mW Date R8COiV.d: 02/01/96 

8 Mohturo: not doc. D a t O  -1YS.d: 02/07/96 

Iab S-1. ID: 02005-2OA 

CC C01-S DB624 ID: 0.53 (Q) Dilution Factor: 1 

Soil txtract Volumo: (-1 Soil Aliquot Voluw: 

13 3 0-2 0-7 xylono (total) 

e ,  

?Om I VOA-2 

. .  

10 3 

3/90 

> 

Rev 



~ 

18 
VOUTILI ORGANICS ANALYSIS DATA 8- 

m A T I V S L Y  IDENTI?IED V 

' f a b M m : m b F 8  Contract: 434286 

CAS NunBKR 

Lab Cod.: 'Tcr NO.: 10033 SAS NO*: SDG NO*: 212383 
Matrix: (~oil/vat.r) W A T W  &b Supla ID: 02005-20A 
Sampl. wt/vol: 5 tsr/U) 1Q1 U b  ?ilo ID: >B96$4 
LW.1: (lov/r.d) raw 0.t. R o c o ~ V . ~ :  02/01/96 

-0.- kulySed: 02/07/96 Moimturo: not dw. 

GC Column: OB624 ID: 0.53 (n) Dilution ?.-or: 1 

Soil Extract Voluw: (-1 Soil Aliquot Volur.: (W 

COIBOOWD N W  

* N u n b a r  TICS found: 0 

2. 
3.  
4.  
$ 0  

6. 
7. 
8. 
9. 
10. 
11 . 
12. 
13. 
14 . 
15 b 

16 
17 . 
18 . 
19. 
20 . 
21 . 
22 . 
23 . 
24 
25. 
26 . 
27 . 
28 b 

29. 
30 

mRn I VOA-TIC 

RT CONC. Q 

3/90 Rov 



u EPA SAKPLE NO. 
VOUTIU ORGANICS ANALYSIS DATA SEEB? 

i I vBLlU682 
Lab NaBo: TcT=8v. Ian8 Contr8ct: 434286 

Matrix: (aoil/vator) WATBR Lab Suplo ID: USA3682 
Samplo wt/vol : S ( g / W  Lab ?ilo ID: >E9648 

kval: (lov/mod) IBU Dato Rocofvod: 

% Moi8tur.t not doc. D.tO A1~1yt.4: 02/07/96 
GC Column: DB624 ID: 0.53 (II) Dilution ?actor: 1 

Soil Extract Volume: (-1 Soil uiquot Volumo: (UL) 
. .  

- .  

a 

74-87-3 
74-83-9 
7s-01-4 
75-00-3 
7s-09-2 
67-64-1 
75-15-0 
75-3s-4 
75-34-3 
156-60-5 
lS6-S9-2 
67-66-3 
107-06-2 
78-93-3 
11-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-s 
79-01-6 
124-48-1 
79-00-3 
7 1-4 3-2 
10061-01-6 
7s-2s-a 

127- 

10.-08-3 
108-90-7 
100-41-4 
100-42-5 

79-3 =s 

chloromothano 
B r o r o r . t h a n 0  
Vinyl chlorido 
chloroothano 
Xothylono Chlorldo 
Acetono 
Carbon Di8ulf id0 
1,l-Dichloroothono 
1, l-DichloroothaM 
traru-1,2-Dichloroothono 
cfs-l,2-D~chloroothono 
Qloro~orr 
1,2-Dichloroothano 
2-~utanono 
1, 1, I-Trichloroothano 
Carbon Totrachlorfdo 
Vinyl Acotato 
Bromodichloromotbano 
1 2-Dichloro ropano 

~richio-thono 
Dibraochloromothano 
l,l,~-Trichloroothano 
Buuun 
+ruu-l,3-Dichloropropno 
Isorof o m  
44mthyl-2-pontanono 
2-B.rmonr 
ktrachloroethono 
1,1,2,2-Totrachloroothur. 
Tbluur. 
'Cblorobonzono 
Bthylbonzono 

cis-1 3-Dich P oropropono 

.. 
FORI4 I WIA 

38 1: 
10 u 

10 
- 10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

U 
U 
U 
U 
U 
U 
U 
0 
U 
U 
U 
U 
U 
0 
W 
U 
U 
U 
U 
U 
II 
U 
U 
0 
0 

3/90 ROV 



u - 2  
VOLATILt ORCMIfcJ ANALYSIS DATA S W a  

Contract: 434286 

_. 
BPA SAIBLLt NO. 

i ML10682 

Iab Cod.: %T C... No.: 10033 SAS NO.: SDG NO.: 212383 . .  
Matrix: (moil/mtar) WATER Lab Sarple 'ID: HSA3682 

Samplo vt/vol. : 5 ( g / m  Lab ?ilo ID: >E9648 

IAv.1: (lou/r.d) mu Dato Roc.ived: 
8 Xoiaturo: not doc. . D a h  An.1yt.d: 02/07/96 

GC Colurn: OB624 ID8 0.53 (m) Dilution Factor: 1 

S o i l  Extract ~slumo: (UL) S o i l  Aliquot Volum.: (W 

a 

13 30-2 0-7 Xylone ( t o t a l )  10 

Q 

P 

( 

3/90 Rov 



.. Contract: 434286 

EPA S M P U  NO. 

VBLK3681 i 1 
Lab Coda: .TCT - C... NO.: 10033 SAS NO.: SDC NO.: 212383 
Matrix: (aoil/vat.r) WATER S-1. ID: USA3682 
Samplo vt/vol: 5 (g/W Lab ?il. ID: >E9648 
Uval: (low/mod) Dat. R0c.iv.d: 
8 Moimturo: not doc. 

CC COlUmn: 08621 ID: 0.53 (n) Dilution ?actor: 1 

.at. kulyrod: 02/07/96 

Soil Aliquot VolUBo: Soil Extract Voluno: (ut) 

Numbor TIC8 found: 2 

3.  
4. 
5 .  
6 .  
7 .  
80 
9. 
10 . 
11. 
12. 
13 . 
14. 
1s. 
16. 
17. 
18 . 
19 . 
20 . 
21. 

23 . 
24 .  

27 . 
28 . 

22., 

25 
26 

29 
30 

?Om I VOA-TIC 

RT 

29 14 

- 
aa 04 14 0 

8 

0 s- 
b 
1 

. 

' 3/90 Rov 



u -A sA1(pxa wo. 

i 
VOUTIU ORGANICS ANALYSIS DATA S 5 E T  

I VBLK3683 * frb 19-8 Unn8 Contract: 434286 

a 

74-07-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-2 
67-66-3 

78-93-3 
71-55-6 
108-05-4 
70-87-5 
10061-01-5 
79-01-6 
124-4801 
79-00-5 
10061-03-4 
108- 

79-3 
108- 
10840-7 

107-06-1 

56--a3-s 

7~~a7-4 

7i-43-a 
75-as+ 

10041-4 
100-43-S 

chloronthano 
Rromonthano 
Vinyl chlorido 
Qlloro0th.n. 
mthyluro Chlorido 
&.ton8 
carbon Dimulfido 
1, l-Dichloroothono 
1,l-Dichloroothm. 
trana-l,2-Di~oroothun 
~ i ~ - l , 2 - D h h l o M t h ~  
chloroform 
1,2-Dichlor00thano 
2-Butanona 
l,l,l-Trichloroothano 
Carbon Totrachlorido 
Vinyl Acotato 
Brored~chloromotharm 
1 a-Dichloro ropano 
Trichf0~th.n .  
Dib~loromothur. 
1,1,3-TriChlOM~ 
mrmum 
trUU-1,3-D~chlorOp~ 
-form 
4jiothyl-2-purtanono 
a-8uturono 
'htr.chloroothono 
Z,l, 2,2-Totrachloroa~~ 
rnluuw 
Qloraburtono 
Bthylbontono 
8- 

cia-1 3-Dich P oropropum 

mRN I VOA 

Q 

10 
10 
10 iE 10 
10 
10 

- 10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 - 
10 
10 
10 
10 

U 
U 

b t? U 
0 
0 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 

3/90 Rov 



U-t 
VOUTIU ORGANICS ANALYSIS DATA 

a Lab N m t  -8 Contract: 434286 

8 2 1  

S#; NO.8 212383 Lab Cod.: ‘Tcr NO.: 10033 SAS Il0. t  

Matrix: (aoll/vlltar) WATER tab -10 ID8 IVJA3683 

Sample wt/vol: s (9 /W a Lnb P i l o  ID: >t9657 

IAv.1: (low/m.d) UU 0.t. Roc0iv.d: 

8 Hoirturo: not doc. 

CC Column: DB624 . ID:  0.S3 (n) Dilution lactor: 1 

-DatO kU1yZ.d: 02/08/96 

Soil Extract Voluma: (a) Soil  Aliquot Volumo: (UL) 
CAS NO. CoIaPomD ( w / L  or W / W  W/L 0 

13 3 0-2 0-7 Xy1.n. (total)  10 

- 

3 /90  

I 

Rev 



l& EPA SAKPIZ NO. 
VOLATILB ORGAHXCS ANUYSI t r  DATA 8- 

i VBIX3683 I TgsTATIvlcLY I D ~ I l I E D  

Lab 8-e: UUXS Contract: 434286 
a 

Iab Cod.: TC? -80 NO-: 10033 SAS NO,: SDG NO.: 212383 

Matrix: (aoil/vator) UA- W Sarpl. ID: USA3683 

Sarplo wt/vol: 5 (!VU) = Lab Pilo ID:  >E9657 

Lov.1: (low/rod) Lx)w D8to Rocdvod: 
8 Moirturo: not  dec. 

GC Column: DB624 ID: 0.53 (n) Dilution ?actor: 1 

Dat. kU1yt .d:  02/08/96 

Soil Extract Volumo: (W Soil Aliquot Voluma: 

Number TIC8 found: 0 

1. 
2. 
3. 
4. 
5. 
6. 
7 .  
8. 
9. 
10. 
11. 
12 . 
13. 
14 
15 . 
16 . 
17. 
18 
19 . 
20. 
21. 
22. ‘ 
23. 
24 
2s. 
26 
27 . 
28 

30 
as . 

I 

RT 

FORHXVOA-TIC . 3/90 Rav 

. .  



8 2 7  

I I 21236,0 
Contract: 434286 , 

74-8 
74-8 
7s-0 
7s-0 
75-0 
67-6 
75-1 
75-3 
7s-3 
156- 
156- 
67-6 
107- 
70-9 
714 
56-2 
108- 

78-8 
1006 
79-0 
124- 
79-0 
71-4 
1- 

7s-a 

1.0- 
108- 
100- 
100- 

7 
3 
1 
0 
9 
4 
5 
S 
4 
6 
S 
6 
0 
3 
S 
3 
0 
7 
7 
1 
1 
4 

3 
a 

I I 
¶ 
4 
I 

10 
10 
10 
10 
3 
10 
10 
7 

10 
S 
10 

10 
7 
10 
10 
10 
10 
10 
650 
10 
10 
10 
10 
10 
10 
10 
90 
10 
10 
10 
10 
10 

- a 

a 

U 
U 
U 
P 
1u 
P 

J 
J 

J 

J 

J 

U 

U 

U 

U 
11 
U 
U 
U 

U 
U 
TJ 
W 
TJ 
U 
U 

U 
U 
U 
U 
U 

E 

- 
mm4 I VOA 3/90 R.v . 



I I 212360 Iab It-: h. m u  Contract: 434286 

SDG II0.t 212383 Cod.: NO.: 10033 S M  NO.: 

X.trix: (millntar) WATKR 

Samplo wt/vol: s ( w e )  = Lab ? i h  ID: >Lc9651 
uv.1: (lW/Wd) Im R O C d V d :  01/01/96 

.hb kulytd: 02/07/96 

firb 8-10 ID: 02OOS-1U 

- 

I(oi.tur.t not  6.c. 

GC Column: DM24 ID: 0.53 (P) D i l P t i W  I 8 e O r t  1 

Soil Extract Volun: (-1 a o u  Aliquot Volume: 
w No. 

10 J 

3/90 R.v 



P. 02 

I 21t:ao I 
Cantr8ct: 434286 I -1 

kwl:  .(low/mmd) UII 0.t. noe.iv.4: 02/01/96 

GC Col-: Dm624 ID8 0.st (I) Dilutioa Factor: 1 

I I 
I I -  
I I 

I a. 
I 7 .  @ I 8 .  
I 9 .  t I I I I 
I 10. I I I I I 
I 1s. I I I I I 
I 12. I I I I I 
I i s .  I I I I I 
I sa. I I I I I 
I 1s. I I I I I 
I* 16. I J I I I 
I 17. t I t I I 

I I I I 
I I I I 

I sa. I 
t 19. 1 

I I I 
I I 

I ao. I I 
I 8&0 I .  I I 

I I I I 
I I I 

I aa. 4 
I 

1 I 
I 2s. I 
1 ab. t 1 t 
I as. 8 - I  I I I 

I I I I 
I I I 

I t 
I 

I I I 
I 27- # 
I ao* I I 
I a*. 1 1 t t I 

. I 30.  I I I I I 
I I I I I I 

lolDI 1 --TIC 3/90 I1.v 



Lab N a n :  -8 I Contract: 434286 

Lab Cod.: 'm NO.: 10033 SAS Moot $00 NO.: 212383 

nritrix: (soil/mtu) UATKR I& 8-10 ID: 01005-1U 
saBp1. vt/vol: S tu*) 1Q1 Lab rile ID: >K9659 

L8v.l: (lov/r+b) mu k+. W i V d :  02/01/96 

, 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
15 6-59-2 
67-66-3 
107-06-2 
78-93-3 
71-554 
56-23-5 
108-OS4 
7 5-2 7-4 
78-87-5 
10011-01-~ 
79-01-6 
124-48-1 
79-00-4 
71-43-3 

108-7 
100-414 
100-42-9 

toRn I wu 

so 
so 
SO 
so 
so 
43 
so 
50 
so 
so 
so 
so 
so 
so 
50 
so 
so 
50 
so 
so 
510 so so so 

so 
so 
so 
so 
66 
so 
SO 
so 
SO 
SO 

- 

Q 

3/90 



I I 212360 DL 
Contr8ct: 434286 

1330-20-7 xylan. (total) 

101# I VOA-I 

50 

- 

7 

3/90 R.v 



Lab Cod.: k NO.: 10033 S U  NO.: SDG NO.: 212383 

Mtr ix :  ( a o i l / w t u )  WATER U b  Sup10 ID: 02005-20A 

Sampl. vt/vol: 5 (Wrl.1 ,= Lab Pi lo  ID: >E9654 

L.v.1: (lou/nd) rn o a k  m i v d :  03/01/96 

GC Coluur: DMl4 ID: 0.53 ( . P I  Dilution Factor: 1 

% Hoiaturo: not doc. 'D8W k u l y t d :  02/07/96 

!. 

74-87-3 
74-83-9 
75-014 
7s-00-3 

67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 

67-66-3 

78-93-3 
71-55-6 
56-2 3-S 
108-05-4 

78-87-5 
10061-01-5 
79-01-6 

79-00-9 
71-434 

75-09-3 

156-59-3 

107-06-1 

7547-4  

i a  4 -4 8 - 1 

1W*? 
1001114 
100-41-5 

-thana 
methane 
, chlorido 
wthano 
4ono Chlorido 
In8 
in Dhulf ido  
Iichlororthum 
hhlorooth8no 
i-l,a-Dichlorootheno 
, , 2 - D i c h l O ~ t h U n  
mro- 
h h l o r o o t h ~ o  
mono 
.-Trlchloroothur. 
Bn Tetrachloriba 
, A c o t e t e  
d i c h l o r o m ~ t h n o  
Iichloro ropano 

rlonnthono 
m o r o m o t h m  
Prr ichloroothum 

1-1, 3-Dichlorop- 
tf 011 
3ayl-2-pontanono 
anon. 
rchlororthono 
I , 1JTotrmhloroothrrw 
m 
mbukono 
m o n o  

. , 3 - D k h  P otopropUb0 

un 

mRx I VOA 

10 
10 
10 
10 
a 

3 1  
10 
10 
10 

- 10 
10 
10 
10 
10 
1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

3/90 Rrv 



no # r  Ob7L 
U - 2  

VOUTIU ORGAnICS MALYSIS DATA S m  

I 212370 
L.b Ian: &a?. xMI8 Contract: 434286 

L.b cob.: .= c..l. Mo.: 10033 SAS No.: SDG M0.S 212383 

Matrix: (aoi1rnt.r) UATXU L& S-1. ID: 02005-20A 

Sampl. vt/vol: 5 ( W d )  = W ?ilo ID: >E9654 

Lav.1: {lov/Wd) urn 0.- miV.d: 02/01/96 

Moisture: not doc. An81Ytd: 02/07/96 

CC Column: DW24 ID: 0.53 (n) Dilution Pactor: 1 

13 3 0-20-7 xyl.tu (total) 

?om I VOA-2 

10 

- 

3 

3/90 R.v 



1 Lab l u r r  m k T .  ImI8 Contract: 434281 

SDG NO.: 212383 Lab Cod.: '* c.W NO.: 10033 S U I  Moot 

mtrix: ( .o i l / lmtu)  mT8R S-10 ID: 02005-20A 

S-1. wt/vol: 5 ( W W  1Q, U b  ?ilo ID: >E9654 

L4v.l: (lou/wa) Xm R0CdV.d:  02/01/96 

Moimturr: not doc. Aaa1yt.d: 02/07/96 

GC Column: OB624 IDS 0.93 (P) D i l u t i o n  ?actor: 1 
mi1 Uiquat Volma: 

NumborTICsfound: 0 

10 
20 
3 0  
4. 
5 0  
6. 
7 0  
80 
9 0  

10 0 

11 0 

12 0 

13 
14.  
15 0 

16. 
17 
18. 
19 0 

20 . 
210 
22 . 

RT 

a3. 
a4 . 
aa. 
a7 . 
25. 

28. 
29 . 
30.  

~ 

B8T. CQNC. 

3/90 R.v 



I I 212363 U b  N a n :  c~ntrac t :  434266 

Lmb cod.: T d  c.w No.: 10033 SA8 Ifoms SDG 80.:’ 212383 

Matrix: ( . o f l ~ t o r )  UAm L8b 8-10 ID: 01005-OU 

Sampl. vt/vol: 5 (9/ . l )  = frb ?110 ID: >E9681 

L8v.l: (lov/Wcl) Z m  k- ROCdVOd: 02/01/96 

Moiaturo: not d e .  AarJySd: 02/09/96 
GC Coltmu DB614 ID: 0.53 (P) DUutiorrI8ctor: 1 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
7 5-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-1 
67-66-3 
107-06-1 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-274 
78-87-5 
10061-01-5 
79-01-6 
124-4801 
79-00-5 

1 0 0 6 1 3  
7%-43-a 

10830-? 
1-14 
1-42-5 

10 
10 
10 
10 

3 
12 
10 

5 
1 

- 10 
3 

10 
2 

10 
7 

10 
10 
10 
10 
10 

550 
10 
10 
10 
10 
10 
10 
10 
79 

10 
10 
10 
10 

a -  

3/90 R.v 



u - 2  
OIbGAIlQl MALY818 DATA 

a' 

B P S  ,9" I . -  
Lab le-: &a% ImI8 . * - ' -  
I& Cod.: w -0: 10033 SUI Noat SDG NO.: 113383 
Matrix: .(moil/wator) 

S u p l .  vt~vol: 5 ( W d )  1Q, &b ?il. ID: aB9681 

Uv.1: (lw/nd) m 0.- R.criVdt 02/01/96 
'tk- A n 8 l y t d :  02/09/96 

I& Sup10 ID: 0 1 O O S - O U  

Moiaturo: not doc. 

GC Cot-: -24 ID: 0.53 ( . P I  D i l u t i o a  ?actor: 1 
soil Aliquot VoluB.: Soil aytr.ct V o l u w :  (W 

a 

1330-20-7 Wyl- (to+.l) 

-roRn I VOA-2 

10 J 

R.v 



Lab Irw: rer-n. tRoTs 
I 212383 I 

Coatract : 434208 I I 

I 1. * 

I 2. 
I 3. 
I 4. 
I s. 
I 6. 
I 7 .  
I 0 .  
I 9. 
I 10. 
I 11. 

I 1s. 
I 14. 

I 14. 
I 17. 
I 10. 
I 19. 

I 22. 

I l a .  

I a i .  

I ao. 
I a i .  

I a3. 
I aa. 
I as. 
I a80 
I 27. 
I a8. 
I 29. 
I so. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
7 
I 

1 
1 
t 
I 
t 
r 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I- 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I t I I I 



Contract: 434286 

firb Cod.: w NO.: 10033 SAS HO.: SDG NO.: 212383 

Matrix: (soil/vator) WA- L8b S-10 ID: 02005-OU 

a 

74- 
74- 
7s- 
7s- 
7s- 
67- 
7s= 
7s- 
7s- 
156 
1S6 
67= 
107 
78- 
7 1- 
56- 
104 
7s- 
78- 

79- 

79- 
7 1- 
104 
7s- 
la 
5sl 
laY 
7s- 
loa 
104 
1oQ 

loa 
iai 

ia 

== I VOA 

so 
SO 
so 
so 

8 
so 
SO 

5 
so 
so 
so 
so 
so 
SO 

5 
so 
so 
so 
so 
so 
S30 

so 
SO 
so 
so 
SO so so 
72 so 

- 

so 
so 
so 
50 

C 

e 

3/90 R.v 



I Contracts 434286 

.-. 

loRII I ftol-2 

so I 
L 

3/90 Rnt 



a 
8 2 1  

.?- ..- 

I cOlltr8cf: 434286 

L.b Coda: iflct SDG #O.t 212383 

mtrixx (.oillulr+.t)' mTm firb -1. ID: 02005-OU 

Supl .  vt/vol: 5 >B9658 

L8v.l: (lw/wd) urn Data Rocdvodt 02/01/96 
8 I(oi8tun: not doc. 

cc coiurnt ~ ~ 1 4  ID: 0.53 (n) D i l a t i o n  I.otor: 5 

soil A l i q u o t  Vol trw:  Soil Ibrtnct V o l u w :  (-1 

#rt.brrTIC.faund: 3 

18 
2. 
3.  
4. 
5. 
60 
7. 
8. 
9. 
10 . 
11 . 
13. 
12 

14 
15 . 
16 
17. 
18 
19 8 

21. 
ao. 
22 . 
23e 
24 e 

25e 
26- 
27. 
28 e 

30 .  
a9 

r a e  COIC. 
~~ 

74 
' 190 

'Q 
J 
J 

3/90 R.v 



. .  
J' i  8 2 7  

Injection V o l u n :  1.0 (a) D i l u t i o n  ?actor: i 

GPC C l a m u p :  (Y/N) I p8: 7 

cA8 m. C0080tRIO ( W L  = W4) W L  

i a  

i a  

i a  
i a  
sa 

11 
91 
$4 

91 
91 

67 
94 
94 
84 

11 

91 
10 
87 
s9 

i a  
i a  i a  

1 11 
aa 
80 
9¶ 
83 - I m-1 

20 
20- 
20 
20 
20 
2 0 .  

- 20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
SO 
20 
so 
20 
20 

SO 
20 

ao 

Q - 
2 

0 u 
U 
U 
v 
v 
U 
U 
U 
U 
U 
0 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
v 
U 
U r 

3/90 R . V  



-- - -. 

. .... . $827 

-. 
I .  

1c 
-C8 AIuLp818 MTA 

I 212386 
contract: 434286. 

. -  
-cod.:= c.W NO.: 10033 S M  NO.: 8- Yo.: 212383 

Matrh:' (.oil/#t@r) lmm U b  -1. ID: 02005-04A 

3uplo vtlvol: 1000 (g/rl) 1Q, L8b ?ila ID: >OS370 

Injection V o l u n :  1.0 (a) D i l u t i o n  ?actor: 1 

GPC Clmanupt (Y/M) I pa: 7 

Cld 110. 
ASL c - .  

0 

lo~ll I sv-a 

SO 
so 
2 0  
2 0  
2 0  
2 0  

- 20 
SO 
2 0  
50 
2 0  
2 0  
2 0  
SO 
2 0  
2 0  
2 0  
2 0  
20 
2 0  
2 0  
20 
20 
2 0  

5 
2 0  
2 0  

2 0  
2 0  
20 

ao 

. ao 

- 
U 
U' 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

87 

3/90 ROV 



Lab 1 ~ :  Contract: 434286 

Lab Cod.: c.U NO.: 10033 SAS NO.: SDG NO-: 212383 

In8trur.nt ID: 59701D C.libt8tfOn D.t.(S): 02/29/96 03/01/96 

C.llbr8tiOn Tiur: 22:36 02:24 

4 

CoMPoUwD -020 

Phon01 
bi8 (2-01 
2-Qlloro 
1,3-Dicb 
lI4-Dich 
1 # 2-Dlcb 

bf8 ( 2 4  

N-Nitro# 
H.%8chlO 
Nitrokn 

2-Mothy1 

4-M.thyl 

2,I-DiM 
bi8 (2- 
2,4-Dfch 
1,2 4-TZ 
Naphtha1 
4-Chloro 
Howachlo 
4 -Chloro 

2 4 6-w 
2#4#5+ 
2-QIora 
2-HitrOr 
D i r r t h p l  

4 - a i m  
Diburtof 

0 
n 
a 
a 
0 
n 
a 
51 
i 
t 
a 

A 
1 
a 

,1 

I 

a 

f 
b 
1 

U 

Y 
I 

3 

i 1 
IQ 
ill 

2 
0 
2 
1 
1 
5 
1 
8 
6 
8 
4 
7 
7 
6 
7 
9 
5 
5 
9 
1 
6 
6 
7 
7 
0 
5 
1 
8 
0 
7 
7 
2 
5 
2 
8 
0 

- 
RRlOSO 

1 305 
1 197 
1.254 
1-471 
1 493 
1- 386 . 97s 
1 277 
1 013 
920 . 653 
410 
777 

.375 
470 

0 377 
440 

1 060 

I 

. a34 

. 300 

.262 
363 . 688 
288 
451 
484 

. 392 
1 . 553 
1 837 . 387 

.440 
1.146 
083 
115 

i . 711 
m 
nirur 

1 224 

W O I O  

?om V I  m-1 

1-313 
1.222 
1.210 
1.393 

1.291 . 979 
1.430 . 990 
904 
603 
404 
758 

0333 
361 
472 . 360 
413 

1.001 
368 . 237 
351 

i.4ai 

6SS 
300 . 433 . 44Y 

1. 136 
389 

1.471 
lo684 . 383 

1. 061 . 1x1 
rra 

. iia 
1. $14 - 
It 'of 

m 1 2 0  

lo 245 
1. 171 
1. 141 
1.286 
1.292 
1.148 . 923 
1.433 
939 
.I91 . 564 . 374 . 737 
222 . 337 . 447 
343 
373 
895 . 376 
-215 
316 
$80 

I 

. 30.7 
424 . 443 

1 os5 
412 

1.371 
1. $15 . 372 . 470 
940 
13Y 
131 

1.469 

8mEi 
,010, 

W l 6 0  

1.158 
1.104 
1 004 
1.152 
1- 136 
1.018 
868 

1.431 
811 
866 
507 . 349 
724 . 211 
321 
417 
313 
0339 
814 . 364 

0 199 
-302 

533 
286 

- 

.4ia 
40a . 971 
406 

1.236 

. 343 . 457 . 863 . 157 . 134 

i ~ t a  

1. 349 

I E z r  

REF 

1.288 
1.215 
1.192 
1.385 

m u = = =  

1 399 
1.278 
.965 

1.394 
.974 . 914 
604 . 395 
.763 
.235 
.358 
.465 
.356 
.406 
.990 
,330 
.236 
.342 
.645 
.274 
.426 
.438 

1.137 
.400 

1.453 
1.701 
.374 
. 456  

1.052 
.lo4 

1.599 
. iia 

,I 
7.5' 
8.4' 
10.9, 
12-94 
14.04 
16.0. 

8.2. 
4 - 8 1  
11.54 
5-04 

8.64 
4.84 
10.5, 
8.44 
8.04 
8.14 
12 . 54 
14.34 

17-61 12.4 
9.34 
14 . 24 
17.91 
4-04 
7.44 
11.14 

12 . 14 

10.6 2 .31  
14.7* 

s.o* &. 
12 . 04 - I 



Lab cod.; c... No.: 10033 8M k.: .SDG NO.: 212383 

mtriw: (moil/vatu) mTII Lab -10 ID: 02005-04A 

sup10 vf/vol: 1000 ( g / W  1Q, Lab ?ilo ID: >OS370 

fAv.1: (lw/nd) Im D8tO m i V d :  02/01/96 

8 noimtur.: docmtod: ( Y / I )  N . -8Ct&: 02/06/96 

Concurtratad -act V o l u n :  2000 

Injaction V o l u n r  1.0 (ut) 
D8tO An8lytd: 03/05/96 

Dilution ?actor: 1 

G?C Cl.unrp:  (Y/N) N p%: 7 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
80 
9. 

10 . 
11 . 
12 . 
13 
14 
15 
16 . 
17 
18 
19. 
ao- 
ai .  
aa. 
23. 
24. 
as . 
28 
27 
28 
29 
30.  

75894 
$63804 

79018 
127 184 

is89soa 

asouiss 

R 
17 
1s 
17 
85 
35 
4 5  
12 
11 
12 
9 

59 
18 

130 
570 

38 
75 

1200 
47 
1s 

680 
19 

9 

3/90 U V  



Lab F i l e  10: >OS312 Init .  C a l i b .  at.(.) : 0 2 / 2 9 / 9 6  03/01/96 

Init.  Calib. T W :  22: 36 02:24 

a 

- 
m 

-. 
1.433 

0631 
1.160 

156 
4.160 . 111 . 479 

234 
280 . 103 

1.028 . 957 . 537 
1.434 
1.083 
1.954 
1.130 

138 

1.209 
1. 393 
3 034 
1.664 
1.226 
1 167 

844 
610 

1.357 

. 766 - 
409 

1 . m  
1. isa 
1. loa 

. m a  
m 
N V I 1  

1.323 

184 
1.263 

m o 5 0  

. 697 
1.292 
132 

4.441 
116 . 47s 
236 
276 
079 

. 551 

1.076 

1.124 
143 

1. 391 

1.199 
1.146 
1 a l 2 3  

I 

1 . ~ 2 2  

1.030 . 99a 

i ~ s a  
1.921 

i . 3 sa  

1.381 
1.36a 

. m a  . $sa . Goa 

i . o ~ a  

- . 37J 
10 341 

1.401 
1.164 . 191 
1.354 

961 

m 
v-2 

m 
RIV 

400 . 900 

- 

. 100 . 100 . 050 

.70O 

.7oa 

. 600 . 600 

.a00 . 700 

. 700 

.7oa . 70a . boa . 40a . soa 

. aoa . toa . soa . 80a . 60a 

- 
804 
404 

zn 

10 

6.2  
100s 
11-4  
15.4 
6.8  
4 . 5  

09 

- 

(5i.j 

4 . 

3 . 5  
3 . 3  
1 .3  

- 07 
1.6 

- 6  
3.4 
.I 

lS .3  

3.7 
11.6 

7 .4  
20.9 

8 . 3  
8 . g  

10.4 
6.a 
5 . 4  
5.4 
7.3 
8.1 

- 

Allx 
8D 

25.0 
25.0 

- 

2s.o 
2s. 0 
25.0 
2s.o 
25.0 

2s .o  
25.0 

25.0 
25.0 

05.0 
2s. a 
2s.a 
2s. a 
25. a 
2s.  a 
2s- a 
- 
2s.c  
25.C 
2s.c 
25.C 

2s.c 
2s. c - 

3/90 



Lab lam: -8?.l&CKl Contract: 434206 

Lab Cod.; .M NO.: 10033 SA8 lo.: SDG NO.: 212383 

In8truwnt ID: 597010 Calibration at.(.) : 03/04/96 

C.libr8tion Timom: 14: 09 20: 17 

FILE ID: -RRIo3or$@ >D5349 
RW060= >D5351 RRl12OI >D5352 Rw16oI >D5353 

~ 

cOn#)ubfD m o l 0  

Phon01 
bia (2-Chloromthyl) 1Cth.r 1.537 

* I- 1.717 

2-Qlorophonol 1.334 
1,3-Dichlorobonrun 1.S29 
1,4-Di~hlorOburt~ta loS81 
1,2-Dichlorobontmr 1.485 
2-)(rthylphonol 

4-)(rthylph~rol 
N-Nitroaodi-n-propyluin. 4 1.079 
Hucachlorooth.no 4 .669 
Nitrobonrum 4 .468 

.a49 

.279 
2,4-Dh0thylph.n01 .385 
bi8(2-QllOt#thO )n+aan. .533 
2,4-DiChlOrOphOnO .35s 

4 .428 1,2 , 4-Trichlorobuuono 
Naphthalano 1.197 
4-Qloroanilim .443 
#rxachlorobut.dimr I .294 
4-Qlloro-3-wthylphu~ol .347 

4 -729 

,466 
.so5 

1.268 
2-111 -41s I 1.546 

1.900 
4 .34a 

1.212 

bi8 (2-Chloro~.opropyl) o t h u  

7 

I .463 

I .roo 

4-Hi-1 
Diknrofuran 

Carpaund. m "1- mqu- 
All o t h u  1u.t n o t  a a 

I 

W O 5 0  

1.633 
1.357 
1.358 
1 587 
1.647 
1,524 
1 193 
1 891 
1.237 
1 042 

I 

-67s 
440 
844 
244 
369 

-526 . 374 

1.173 . 514 

. 361 . 76! 

. 491 . 511 
1 244 . 384 
1.504 
1.611 . 364 
.151 

1 . 23C . 204 . 171 
1*70¶ 

m 
n i m m  

.45a 

. 3 i a  

. w a  

1 mRn V I  sv-1 

- 
W080 - 
1.730 
le421 
1.414 
1 e 590 
1.633 
1.505 
1.197 
1 943 
1.287 
1.083 . 673 . 467 . 853 

241 
384 
538 . 367 
440 

1.214 . 564 
304 . 367 

. 523 . 511 . 531 

0 444 
1 584 
1 72¶ . 383 . 221 
1.221 . 224 . 17! 
l . 8 N  - u of 

.761 

1.m 

w 1 2 0  

le764 
1.417 
1.400 
1. 527 
1.600 
1.436 
1 157 
1 e 896 

- 

1.286 
1.087 . 673 

0 463 
-850 
0251 . 399 . 547 . 373 
440 

1.221 . 590 
302 . 371 
758 

.530 . 549 
482 

10274 . 441 
1 552 
10829 . 354 

324 
1.209 

244 
1 8 3  

1081¶ 

rn 
e 0 1 0 .  

-160 - 
1.7S6 
1.314 
1.387 
1.487 
1. 565 
1.347 
1.110 
2.131 
1.269 
1 067 . 652 . 450 . 639 
-24s 

. $50 
0376 
436 

. 38a 

i . 181 . $90 

. 3sa . 75a 

. $sa . ria 

0 291 

. 494 

1.256 . 43g 
1.543 
1 869 . 349 . 354 
1. 1st . 251 

18C 
1.791 

luu. 

RKP 
-== 
1.720 
1.409 
1.379 
1.544 
1.605 
1.460 
1.169 
1. 985 
1.254 
1 072 . 666 . 457 . 847 
.252 
.389 
.540 
.369 
.439 
1.199 
.540 
.300  
.361 
.753 
.499 
.517 
.SO3 

1.263 
.426 

1.547 
1.829 
.360 
.231 
1.206 
.217 
.173 

1.80s 

3 . 0 .  
6.0. 
2.4. 
2.8. 
2.1. 
4.9. 
3.1* 
7*11 
3.3.  
1.7. 
1*4* 
2.7* 
.7* 

6.2+ 
1.5. 
2.3* 
2.3. 
2.0. 
1.6. 

2.5 
7-54 
1.9. 
5.51 
7.3. 
4.4* . 9. 
5.7 1.7 I 

19-61 6.7 
1.0. - I 

3/90 



. .  

- 
W O S O  

1.570 . 793 
1.364 

6.161 
174 . 469 
. 336 
198 

1.140 
1 . 087 . 681 
1.487 
1.113 
1. 680 . 837 . 10s 

- 
.azo 

.a78 

1 . as2 
1.211 

i.ao6 

1.066 
1.789 
1. 168 

3.032 
1.015 

.791 
. 0844 

. 494 
1.467 

1.645 

- 
i.ao 

i.mi 
0 288 
1.410 
1.011 

m 

L.b Ian: -8T.UUI8 contract: 434ao6 

Lab Cod.:' &# c.U NO.: 10033 W NO.: S#; No.: 212383 

Irutmnnt  ID: 597010 calibration Date: 03/05/96 T b o :  10:55 

Lab t i lo ,  ID: >05367 Init. calib. --(a): 03/04/96 

J 

i 

- 
RRI 
I 

1. S84 . 763 
1. aoo . aoa 
S . $40 
168 
498 . 273 . 3 4 1  . ai8 

I. $14 
i.2a9 

. 211 

1.154 
1 069 . SO4 
1 . S94 . 80s 

1.2S8 
1.264 
1. 046 
1 . 837 
1.210 
1 . 247 
1. OS4 
.906 
787 . 03s 

I_ . $01 
1.434 
1.193 
1 . 6S7 
1.317 . 30a 
1. 383 . 986 

?om V I 1  m-1 

14 : 09 

-sur m? 

400 . 900 
- 

. 100 . 100 . 050 
-700 
700 

600 
600 

800 . 700 

700 
700 
700 . so0 
400 . 500 - . aoo 
700 . so0 
800 . 600 

. 800 . 400 

Tra 

- 
8D - 
09 

3.9 
6.5 
4.0 

3.3 
5.8 
1.7 
1.6 
9.0 

11.1 

9.4 

cfi 
*3 

3.4 
2.0 
2.6 
3.s 
3.3 
2.0 
3 . 0  

OJ 
1.1 

1.J 

3.9 
07 

I 

1 . 3  

a.a 
4.a 

a.! 
m r -  

1.f 

20: 17 

Tin 
80 
-I 

25.0 
2s. 0 

25.0 
25.0 
25.0 
25.0 
2s. 0 
1 

25.0 
25.0 

> 
z5.a 
z5.a 

25.a 
25.a 
z5.a 
25.a 
25.a 
25.a - 
25.c 
25.c 
25.c 
25.c 
25.c 

25.c 
25.c - 

0 

2 

3/90 



. .  

- 
L.b W-8 -mouWX8 

Lab cod.: c.W loot 10033 

Lab ? i s 1 0  I D  (s+udud) t > D l 3 1 1  

Instrument ID: 597010 

Contrnct: 434186 

sm no.: S#; NO.: 212303 . 

0.- An8lyZ.d: 03/01/06 

T h  An8lyz.d: 10:38 

I 

R T #  R T I  
-1=111 

34.96 
35 .46  
34 .46  
-nu 

184166 
368332 
93083 

103S26 
2070S2 
S1763 

._ ~ ~ _ _  

80704 
161408 
40352 

138943 
111970 

172940 
isooai 

23.63 
23 64 
23-64 
23-65 

34.96 ' 14.99 
34.97 
34 98 

60609 
70710 

I 
I 

ma QotyaDcI 
Dla- - +lo01 of intuna1 u w  

0 - 908 of  i n t o n n l  rtudud uu 



=A SAMPU 110. 

i 212363 ?fS 

Lab Codor'id CCw lo.: 10033 S U  Ita*$ . SDG R o o t  212383 

Xatxir: (.oiI/mtu) U b  -10 ID: 2005-14A 

sup10 tft/vol: 1000 (g/rl)  Ja Lab ti10 ID: >DS31S 

Leval: ( lou /nd)  m D a h  m i - :  02/01/96 

MOi8tUr.r decanted: (Y/N) N . D a h  bttr8ct.d: 02/06/96 

Concontratd Extract V o l u m r  2000 (uL) D a h  U l Y t d :  03/01/96 

Injaction V o l r t w :  1.0 (uL) D i l u t i o n  tactor: i 

GPC C l u n u p t  (Y/M) R pa: 7 

a8 110. CamOtmD (w/L = W / W  ug/L 

108-95-2 
11 1-4 4-4 
95-S7-8 
54 1-73-1 
106-46-7 
95-50-1 
95-48-7 . 
108-60-1 
106-4405 
62 1-64-7 

98-95-3 
78-S9-1 
88-75-S 
105-67-9 
111-91-1 
120-83-2 
110-82-1 

106-47-8 
87-68-3 
ss-$04 
9 1 4 3 4  

67-72-1 

91-20-3 

am- 
wa-ao=t 
9s-os-a 
~ - 3 a - s  

49 
20 
53 
20 
37 
20 
20 
20 
20 
43 
20 
20 
20 
20 
20 
20 
20 
39 
20 
20 
20 
44 
20 
20 
20 
so 
20 
so 
20 
20 
20 
50 
42 

0 

0 

tl 

u 
U 
U 
U 

U 
U 
U 
0 
U u 
U 

U 
u u 
U u 
u u 
U u u 
U 
U u 

lorn I sp-1 

.~ 

3/90 



. .  

827-  
9 = 

. 
L . b c d . f ~  c.W lo.: 10033 SA8 IIOo: SDG NO.: 212383 

mtrix: ( .o i l /QmtU)  ltAm L8b -10 ID: 200s-14A 

sa8p1. wt/vol: 1000 W / d ?  = I& ? U o  ID: >DS3 1 S  

kV.1: ( l w / w b )  urn 0.- mi-: 02/01/96 

8 Moiatura: docantod: (Y/ll) I * &tra&Od: 02/06/96 

Concurtratd -act Volrrrr: 2000 (a) D8tO -1ySd: 03/01/96 

Injection V o l u n t  1.0 (UL) Dilution ?actor: 1 

GPC Cleanup: ( Y / l q  II ptl: 7 

w lm. CamOmD (ug /L-ugmY)  W/L Q 

s 1- a 80s 
100-02-7 
i3a-64-s 
12 1-14-1 
64-66-a 
7005-72-3 
86-73-7 
100-Old 
12 6-7 3-8 
S 3 4-52-1 
86-30-6 
101-ss-3 
118-7401 
87 -8 6-S 
as-01-8 
120-12-7 
86-74-0 

119-00-0 
8s-68-7 
91-94-1 

04-744 
106-44-0 

-O-t 

193-394 
S3-te-3 
isi-a4-a 

.- 

mm I sv-a 

so 
61  
20 
38 
20 

20 
so 
S 

so 
20 
20 
20 

130 
20 
20 
20 
20 
20 
33 
20 
20 
20 
20 

4 
20 

20 
20 

ao 
- 

* ao 
ao 

ao 
ao 

U 

U 

U 
U 
U 
U 

U 
U 
U 
U 

U 
U 
U 
U 
U 

0 
U 
U 
U 
J 
U 
U 
U 
U 
U 
U 
U 

J 

3/90 R.V 



EPA SAMPLE Wo: 

I 212363 XSD 1 
tab codor -%w No.: 10033 SAS Moa: SDG NO.: 2.12383 

Matrix: (.oil/vatar) - L.b -10 ID: 200s-14A 

Sampl. ut/vol: 1000 (9/W = . I& lil. ID: >OS316 

kv.1: - (lau/Bd) w 0.- m i V . d :  02/01/96 

100-95-2 
111-44-4 
95-47-0 
541-7301 
106-4 6.7 
95-50-1 
95-48-7 
108-60-1 
106-444 
621-6407 

9 0-9 $03 
70-59-1 
8a-75-5 
1 OS-67-9 
111-91-1 
12 0-8 3-2 

91-20-3 
106-47-0 
87-68-3 
59-50-7 
9 1 4 7 4  
7 7 4 7 4  

67-7a-i 

ia0-01-1 

mmt I rm-1 

ss 
20 
57 
20 
37 
20 
20 
20 
20 
46 
20 
20 
20 
20 
20 
20 
20 
40 
20 
20 
20 
51 
20 
20 
20 so 
20 so 

' 20 
20 
20 
SO 
40 

- 

Q - 
J 

J 

J 
J 
J 
J 

3 
3 
J 
3 
J 
U 
U 

U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
tJ 

7 

3/90 R.V. 



NO.: 212383 

mtrix: (.oil/lmtar) - L.b -10 ID: 2005-14A 

>OS3 16 

L0v.l: (lov/nd) m 0.- b c d V d :  02/01/96 

sup10 vt/vol: 1000 t a m  Lab ?ila m: 

mimtur.: -tad: (Y/11) I * Data &tractad: 02/06/96 

Concontratod -act V o l u n :  2000 (a) 08- Aaalyid:  03/01/96 

fnjoction V o l u n :  1.0 (trt) D i l u t i o n  ?actor: i 

GPC Cl-t ( Y / I )  I pB: 7 

a8 m. OQSBoflllD ( W L  QT W4) WlL 

5i-aa-s 

i a  1-14-2 

100-02-7 
132-64-9 

8 4-6 6-2 
7 005-7 2-3 
86-73-7 
100-01-6 
12  6-7 3-8 

86-30-6 
101-55-3 
b 18-7 4-1 
87-864 
85-01-8 
120-12-7 
86-74-8 - 
306-44-0 
129-00-0 
85-07 

534-sa-i 

~ - 7 4 - a  

s i -sea  

93-70-3 - 
191-24-a. 

so 
59 
20 ’ 

36 
20 
20 
20 
50 

5 
so 
20 
20 
20 

110 
20 
20 
20 
20 
20 
55 
20 
20 
20 
20 

5 
20 
20 
20 
20 
20 
20 

- 

ao 

0 



8 2 7: 

I 

I 213363 I Contract: 434286 

tab Cod.: ‘PICI’ C... Roo: 10033 S M  SDG No.: 212383 

Matrix: (moil/vatu) WATW U b  -1. ID: 200s-14A 

Sample wt/vol: 1000 t a / w  1QI Lab ?ilo ID: >OS314 

kv.1: (lov/Dd) ILIW 0.t. R O C d V d :  02/01/96 

% n O i 8 t W O :  4.Curt.d: (Y/lt) M 0.t. -8Ct.d: 02/06/96 

concantrat& Extract V o l u u :  2000 (uL) U l y t d :  03/01/96 

loa-95-2 
11144-4 
95-57-8 
S41-73-1 
106-4607 
95-so-1 
9 S-4 8-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
111-9 1-1 
120-8302 
120-63-1 
91-20-3 
1 0 6 4 7 4  
8748-3 

91-98-t 
88-744 
131-1103 
208-96-0 
606-20-3 
99-09-3 
83-32-9 

roI# I sp-1 

20 
20 
20 
2 0 .  
20 
20 
20 
20 
20 
20 
20 
20 
2 0  
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
so 
20 
so 
20 
20 
20 
50 
20 

- 

P 
U 
P 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
II 
U 
U 

I 



i 

Lab cod.; ?& C... loo: 10033 S M  l o o r  SDG MOO: 212381 

natr ix :  (.oil/mtu) UATm L.b -1. ID: 2005-14A 

Sarpl. wt/vol: 1000 (Q/W ml &b l i l o  ID: >OS3 14 

kv.1: (lav/nd) m -ivrd: 02/01/96 

Moi.turr: - t d t  (Y / I )  I ~ t t r  mtr8ctd: oa/06/96 

C0ncultr.t.d vo1lm.r 2000. (UL) 0.- Aaalysd: 03/01/96 

51-2.4 
100-02-7 

19 1-14-2 

7 005-72-3 
06-7 3-7 
100-01-8 

132-64-9 

~ - 6 6 - a  

i a  6-73 -8 
s34-sa-i 
06-304 
101-55-3 
110-74-2 
07-08-S 
OS-01-8 
120-1)-7 
88-74-0 

108-444 
0 4 - 7 ~  

ao7-oa=s 
501333 
193-394 
93-70-3 
19 1-u-a 

so 
50 
20 
ao 
ao 
ao 

- 20 

so 
6 

50 
20 
20 
20 
50 
20 
20 
20 

20 

20 

ao 
ao 
ao 
ao 
20 
5 

20 

20 
ao 
ao 
i o  
ao 
20 



a 

a 

i - ., , 

Lab Cob.: m C... NO.: 10033 

Hatrix: (.oil/v.tu) UAm 

Smpl. vf/vol: 1000 ( g / W  = 
hv.1: (lou/wb) Im 

Noi.tur.: d . c m t d :  (Y/U) U 

Concontratd -act V o l u n t  2000 

Injection Vol-: 1.0 (I&) 

GPC Claw: (Y/S) I pB: 7 

nurkrTIC8found: 19 

1. 
2. 
3.  
4.  
5 .  
6. 
7 .  
8. 
9 .  
10 . 
11 
12 . 
13 
14 
15 . 
16 . 
17 
la. 
19 . 
20. 
21. 

23. 
21 . 
2s 
26. 
27 
28 
29 
3 0 .  

21- 

79016 
127 184 

827' 

SA8 R o o :  s# NO.: 212383 

Lab Sup10 ID: 200s-14A 

Lab W10 ID: >OS3 14 

D.b R O C d V d :  02/01/96 

bltr8Ct.4: 02/06/96 

08- k u l y S d :  03/01/96 

D l l u t i o a r  ?actor: 1 

mml I sp=TIc 

4.58 
7.13 
8.74 

19 18 

20.26 
21 94 
22 . 55 

23 07 

23-49 
23 58 
23 . 73 
24.04 

24 . 55 
30.97 

19 . 72 

23 . 61 
22 . 96 

23 . 22 

24 . 24 

EST. cowc. 
98 
39 
18 
19 
37 
26 
34 

250 
27 
53 

510 
970 
180 
280 
1200 
210 
870 
03 
1s 

Q 

J J  
J d  

- 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

: J  

+J 3 1r.a 



a 

a 

lB 
-MIL# O m C 8  A)1ALY%I8 MTA SllSET 
. -  

Lab N a n :  e#?. -8 I I 212373 
Contract: 434286 . 

mt?i%: ( 8 0 i l / V 8 t O r )  m m  Lab -1. ID: 2005-23A 

Samplo vf/vol: 1000 ( 9 / W  la Lab l i l o  ID: >OS3 13 

h v o l :  (lov/rwd) Icm D8- ROCdVd: 02/01/96 

a noi.tur.: d-t.6: (Y/N) I ma b r t r 8 - t  02/06/96 

Concontratd &tract V o l u n :  2000 (uL) D8- M l y Z d :  03/01/96 

' Injaction V o l u m :  1.0 (uL) Dilution ?actor: 1 

GPC Clo8nup:  (Y/1) N pa: 7 

100-95-2 ' 

111-4 4-4 
95-$7-0 
541-7301 
€0 6-4 6-7 
05-50-1 
95-40-7 
100-60-1 
106-44-5 
6ai-w-7 
67-73-1 
90-95-3 
70-59-1 
00-75-5 
10 5-67-9 
11 1-9 1-1 
iao-83-2 
iao-aa-i 
9a-ao-3 
106-474 

88-74-4 
13 1-1103 
208-96-8 

99-09-2 
83-32-9 

606-ao-a 

FQm I m-1 

t o  
20 ' 

20 
20 
20 
20 
20 

- 

ao 
ao 
20 
20 
20 
20 
ao 
t o  

ao 
20 
10 

20 
20 
20 
20 
20 
ao 
ao 
ao 
ao 
ao 

ao 

so 
50 

20 
so 

U 
0 
U 
0 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 
U 
U 
U 
U 



1c 
. m y 8 1 8  DATA 

. .. . a* 
fim9r. 

I I 

434286 . I 212373 I 

fnjoction V o l u n :  1.0 (uL) 

51-2825 
100-02-7 
132-64-9 
ia 1-14-2 
84-66-a 
7005-ta-3 

s34-sa-i 

86-73-7 
100-01-6 
126-7300 

86-30-6 
101-55-3 
U8-74-1 
87-864 
8S-01-0 
120-12-7 
86-74-0 
~-74-a 
a o w e o  
las=eo4 

2 0 7 - 4  
s0-334 
193-394, 
s3-70-3 
isi-a4-i 

FoRt 18-2 

so 
so 
20 
20 
30 
20 
20 
so , 

20 
50 
20 
20 
20 
50 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

. s  
20 
20 
20 
20 
20 
20 
20 

- 

. - 
P # 
P I 

P 
P 
U 
U 
P 
U 
U 
U 
U 
U 
U 
U 
U I 

U 
0 
U 
U 
U 
U 
0 
U 
U 
J 
U 
U 
U 
0 
U 
0 
U 

I 

- 



I 212373 Contract: 434286 

&b Cod.: TCI 00.: 10033 SAS mot ‘ S W  NO.: 212383 

Matrix: (.Oil/v8tar) UAm L.b -10 ID: 200S-23A 

Sanplo */vel: 1000 ( g / W  1QI .L.b ?11O ID: >OS3 13 
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1. USEPA METHOD 9090 TEST RESULTS 

1.1 Overview 

The results of the USEPA Method 9090 testing program for the FEMP leachate/ 
liner compatibility program are presented in this appendix. The rationale, results and 
discussion, and conclusions for each of the USEPA Method 9090 tests are presented 
followed by the graphical and numerical results of each test. 

1.2 Orpanization 

Two general categories of tests included under USEPA Method 9090 are discussed 
in this appendix: (i) physical properties; and (ii) mechanical properties. The individual 
tests included are listed below: 

Physical Properties . 

mass; 

thickness; 

dimensions; 

specific gravity; 

volatiles loss; and 

extractables content. 
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Mechanical Properties 

stress and strain at yield; 

stress and strain at break; 

modulus of elasticity; 

initial tearing resistance; 

hardness ; 

puncture resistance; and 

Mullen burst strength. 

TEST RESULTS 

A discussion of the rationale, results and discussion, and conclusion for each of 
the above physical and mechanical tests on the five geomembrane samples is provided 
in a separate section below. Copies of the laboratory testing results are included in 
each section. For ease of reference, the sections are tabbed separately. 

Testing was performed on five samples of geomembrane. These include: 

GSE-SLT; 

NSC; 

GSE-Gundle ; 

Polyflex; and 

Serrot. 
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2.1 Mass 

Rationale for Test 

In chemical compatibility test programs, mass of geomembranes and other 
geosynthetic materials is monitored to evaluate whether: (i) the material has gained 
weight, due to absorption of some constituents of the leachate; or (ii) the material has 
lost weight, due to the extraction of some constituent by the leachate. 

Results and Discussion 

The following observations were made regarding the percent change in mass of the 
five geomembranes. 

GSE-SLT Geomembrane. The means of percent property changes showed 
variations of less than 0.02% for all exposures. The line of zero percent property 
change was within one standard deviation for all exposures except the 120-day 
exposure at 23"C, and the 60-day and the 120-day exposures at 50°C. The results 
exhibited randomness, and no consistent trends were observed for the changes in 
property with exposure time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations of 
less than 0.1 % for all exposures. The line of zero percent property change was 
within one standard deviation for all exposures except the 60-day, the 90-day, and 
the 120-day exposures at 23°C. The results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time or 
temperature. 

GSE-Gundle Geomembrane. The means of percent property changes showed 
variations of less than 0.2% for all exposures. The line of zero percent property 
change was within one standard deviation for the 60-day and the 90-day exposures 
at 23"C, and the 90-day and the 120-day exposures at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or. temperature. 

PolvFlex Geomembrane. The means of percent property changes showed 
variations of less than 0.1 % for all exposures. The line of zero percent property 
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change was within one standard deviation for all exposures except the 120-day 
exposure at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the changes in property with exposure time or temperature. 

Serrot Geomembrane. The means of percent property changes showed variations 
of less than 0.05% for all exposures. The line of zero percent property change 
was within one standard deviation for all exposures except the 120-day exposure 
at 23"C, and the 60-day exposure at 50°C. The results exhibited randomness, and 
no consistent trends were observed for the changes in property with exposure time 
or temperature. 

Conclusion 

The test leachate caused mean percent changes in thickness of less than 0.2 % , for 
all the five geomembranes tested. No detrimental effects on the integrity of the 
geomembrane are expected due to the small change in the tested property. 
Furthermore, none of the five geomembranes exhibited a consistent trend for the 
changes in property with exposure time or temperature. 
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2.2 Thickness 

Rationale for Test 
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Similar to the mass measurements above, thickness increases when a material has 
absorbed some constituents of the leachate. Likewise, thickness decreases when 
leachate has extracted constituents from a material. Therefore, mass and thickness 
undergo parallel changes,when a leachate acts on a material. Thickness (as with mass) 
values can provide an indication of how much a material has either swelled or 
contracted as the result of interaction with leachate. . 

Results and Discussion 

The following observations were made regarding the percent change in thickness 
of the five geomembranes. 

GSE-SLT Geomembrane. The means of percent property changes showed 
variations of less than 1% for all exposure periods. The line of zero percent 
property change was within one standard deviation for all the exposure periods 
except the 60-day and the 90-day exposures at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations 
of less than 1 % for all exposure periods. The line of zero percent property change 
was within one standard deviation for all the exposure periods except the 30-day 
and the 90-day exposures at 23"C, and 30-day exposure at 50°C. The results 
exhibited randomness, and no consistent trends were observed for the changes in 
property with exposure time or temperature. 

GSE-Gundle Geomembrane. The means of percent property changes showed 
variations of less than 0.5 % for all exposure periods. The line of zero percent 
property change was within one standard deviation for all the exposure periods 
except the 60-day exposure at 23"C, and the 120-day exposure at 50°C. The 
results exhibited randomness, and no consistent trends were observed for the 
changes in property with exposure time or temperature. 
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PolvFlex Geomembrane. The means of percent property changes showed 
variations of less than 2% for all exposure periods. The line of zero percent 
property change was within one standard deviation for all the exposure periods 
except the 120-day exposure at 23"C, and the 30-day exposure at 50°C. The 
results exhibited randomness, and no consistent trends were observed for the 
changes in property with exposure time or temperature. 

Serrot Geomembrane. The means of percent property changes showed variations 
of less than 0.5% for all exposure periods. The line of zero percent property 
change was within one standard deviation for all the exposure except the 120-day 
exposure at 23"C, and the 30-day exposure at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

Conclusion 

The test leachate caused mean percent changes in thickness of less than 2%, for 
all the five geomembranes tested. No detrimental effects on the integrity of the 
geomembrane are expected due to the small change in the tested property. 
Furthermore, none of the five geomembranes exhibited a consistent trend for the 
changes in property with exposure time or temperature. 
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2.3 Dimensions 

8 2 7  . -  

EMF OSDF-LLCFR-REV 0 

Rationale for Test 

Displaying behavior parallel to mass and thickness, dimensions (i.e., length in the 
machine and cross-machine directions) increase if a material has absorbed some 
constituents of leachate, and likewise, decrease if leachate has extracted constituents 
from a material. Accordingly, as with thickness, dimensions indicate whether a sample 
has swelled or contracted as the result of interaction with leachate. 

Results and Discussion 

The following observations were made regarding the percent change in length of 
the five geomembranes. 

GSE-SLT Geomembrane. The means of percent property changes showed 
variations of less than 0.5% for all exposures. The line of zero percent property 
change was within one standard deviation for all the exposures except the 30-day 
exposure at 23"C, and the 30-day exposure at 50°C. The results exhibited 
randomness, and no consistent trends were obseryed for the changes in property 
with exposure time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations 
of less than 0.3 % for all exposures. The line of zero percent property change was 
within one standard deviation for all exposures except the 30-day exposure at 
23"C, and the 60-day exposure at 50°C. The results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time or 
temperature. 

GSE-Gundle Geomembrane. The means of percent property changes showed 
variations of less than 0.1 % for all exposures. The line of zero percent property 
change was within one standard deviation for all exposures except the 90-day and 
the 120-day exposures at 23°C. The results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time or 
temperature. 
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PolyFlex Geomembrane. The means of percent property changes showed 
variations of less than 0.5% for all exposures. The line of zero percent property 
change was within one standard deviation for all exposures except the 60-day 
exposure at 23"C, and the 60-day exposure at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

Serrot Geomembrane. The means of percent property changes showed variations 
of less than 0.5 % for all exposures. The line of zero percent property change was 
within one standard deviation for all exposures except the 30-day and the 120-day 
exposures at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the changes in property with exposure time or temperature. 

The following observations were made regarding the percent change in width of 
the five geomembranes. 

GSE-SLT Geomembrane. The means of percent property changes showed 
variations of less than 0.2% for all exposures. The line of zero percent property 
change was within one standard deviation for all exposures except the 30-day 
exposure at 23°C; and the 60-day and the 120-day exposures at 50°C. The results 
exhibited randomness, and no consistent trends were observed for the changes in 
property with exposure time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations 
of less than 0.2% for all exposures. The line of zero percent property change was 
within one standard deviation for all exposures except the 30-day exposure at 
23"C, and the 120-day exposure at 50°C. The results exhibited randomness, and 
no consistent trends were observed for the changes in property with exposure time 
or temperature. 

GSE-Gundle Geomembrane. The means of percent property changes showed 
variations of less than 0.1 % for all exposures. The line of zero percent property 
change was within one standard deviation for the 90-day and the 120-day 
exposures at 23"C, and the 90-day and the 120-day exposures at 50°C. The results 
exhibited randomness, and no consistent trends were observed for the changes in 
property with exposure time or temperature. 
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PolvFlex Geomembrane. The means of percent property changes showed 
variations of less than 0.1% for all exposures. The line of zero percent property 
change was within one standard deviation for the 30-day and the 90-day exposures 
at 23OC, and the 30-day and the 60-day exposures at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

Serrot Geomembrane. The means of percent property changes showed variations 
of less than 0: 1 % for all exposures. The line of zero percent property change was 
within one standard deviation for all the exposures except the 60-day exposure at 
23OC, and the 30-day exposure at 50°C. The results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time or 
temperature. 

Conclusion 

The test leachate caused mean percent changes in lengths and widths of less than 
OS%, for all the five geomembranes tested. No detrimental effects on the 
integrity of the geomembrane are expected due to the small change in the tested 
properties. Furthermore, none of the five geomembranes exhibited a consistent 
trend for the changes in properties with exposure time or temperature. 
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2.4 Specific Gravity 

Rationale for Test 

Specific gravity is the ratio of the density of a material to the density of water. 
In USEPA 9090 tests, specific gravity is measured to provide an indication of the 
amount of swelling or shrinkage a geomembrane has undergone as the result of 
absorption of leachate constituents or extraction of geomembrane constituents. The 
specific gravity of the geomembrane was measured using a direct measurement of mass 
and an indirect measurement of volume (liquid displacement). 

Results and Discussion 

The following observations were made regarding the percent change in specific 
gravity of the five geomembranes. 

GSE-SLT Geomembrane. The percent changes were not within one standard 
deviation of the control means for any of the exposures except the 120-day 
exposure at 23°C. A general reduction in percent changes was exhibited with 
exposure time; however, this trend was contradicted by less percent changes during 
exposures at the higher temperature. 

NSC Geomembrane. The percent changes were not within one standard deviation 
of the control means for any of the exposures except the 120-day exposure at 
23°C. A general reduction in percent changes was exhibited with exposure time; 
however, &is trend was contradicted by less percent changes during exposures at 
the higher temperature. 

GSE-Gundle Geomembrane. The percent changes were not within one standard 
deviation of the control means for any of the exposures except the 120-day 
exposure at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the changes in property with exposure time or temperature. 

PolvFlex Geomembrane. The percent changes were not within one standard 
deviation of the control means for any of the exposures except the 120-day 
exposure at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the changes in property with exposure time or temperature. 
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Serrot Geomembrane. The percent changes were not within one standard deviation 
of the control means for any of the exposures except the 30-day and the 90-day 
exposures at *23"C, the 30-day exposure at 50°C. A general reduction in percent 
changes was exhibited with exposure time; however, this trend was contradicted 
by less percent changes during exposures at the higher temperature. 

Conclusion 

The test leachate caused percent changes in the means of specific gravity of the 
exposed samples from the means of specific gravity of the control samples of less 
than 0.50%, for all the five geomembranes tested for all the exposure periods. No 
detrimental effects on the integrity of the geomembrane are expected due to the 
small change in the tested property. Furthermore, none of the five geomembranes 
exhibited a consistent trend for the changes in property with exposure time and 
temperature. 
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2.5 Volatiles Losses 

Rationale for Test 

The volatiles loss test is conducted to assess the amount of volatile constituents 
contained in geomembranes. The volatiles loss test is a gravimetric measurement in 
which the specimens are weighed after being retrieved from the leachate and cleaned. 
They are then heated in an oven for two hours and re-weighed. The mass lost by the 
samples after heating is their volatiles loss. Volatile constituents may include either 
constituents of the leachate, such as moisture and iow concentrations of organic 
chemicals, or volatile constituents of the geomembranes, such as low molecular weight 
polyethylene &e., wax) or processing aids used during production of the 
geomembranes. Consequently, if leachate-exposed samples have higher volatiles loss 
values than corresponding control samples, the samples may have either absorbed 
volatile constituents from the leachate or initially contained more wax and processing 
aids than the unexposed sample. Wax is an artifact of the manufacturing process of 
HDPE geomembranes and may not be uniformly distributed throughout a roll of 
geomembrane. 

Results and Discussion 

The following observations were made regarding the percent change in volatiles 
loss of the five geomembranes. 

GSE-SLT Geomembrane. The means of the volatiles loss values of the exposed 
samples were higher than the corresponding means of the control samples. The 
percent changes in the volatiles loss due to exposure were not within one standard 
deviation of the control means for any of the exposures. An increase in percent 
change in volatiles loss was observed with exposure time; this trend was magnified 
at the higher temperature. 

NSC Geomembrane. The means of the volatiles loss values of the exposed 
samples were higher than the corresponding means of the control samples. The 
percent changes in the volatiles loss due to exposure were within one standard 
deviation of the control means for the 60-day exposure at 50"C, and the 90-day 
exposures at 23°C and 50°C. The results exhibited randomness, and no consistent 
trends were observed for the changes in property with exposure time or temperature. 
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GSE-Gundle Geomembrane. The means of the volatiles loss values of the exposed 
samples were higher than the corresponding means of the control samples. The 
percent changes in the volatiles loss due to exposure were not within one standard 
deviation of the control means for any of the exposures. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

PolvFlex Geomembrane. The means of the volatiles loss values of the exposed 
samples were higher than the corresponding means of the control samples. The 
percent changes in the volatiles loss due to exposure were not within one standard 
deviation of the control means for any of the exposures. In general, a decrease in 
percent change in volatiles loss was observed with exposure time; however, this 
trend was contradicted at the higher temperature. 

Serrot Geomembrane. The means of the volatiles loss values of the exposed 
samples were higher than the corresponding means of the control samples. The 
percent changes in the volatiles loss due to exposure were not within one standard 
deviation of the control means for any of the exposures. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

The observations given above suggest that there was an increase in volatiles loss 
values of the exposed specimens as compared to the control values of the five 
geomembranes. The increased volatiles loss due to exposure are likely due to moisture 
and possibly residual detergent from the coupon cleaning process on the surface of the 
samples. Small amounts of water may become trapped in areas such as small scratches 
on the surface of the sample that cannot be removed until the test drying begins. It is 
possible that the loss of moisture or residual detergent is misrepresented as volatiles loss 
in the test results. Also, since the test leachate has low concentrations of organic 
constituents (as shown Appendix A), it is unlikely that the increase in volatiles loss is 
due to absorption of organic leachate constituents. In addition, previous experience has 
shown that volatiles loss values typically display significant variability due to 
experimental variation and material variability. 
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Conclusion 

The means of the volatiles loss values of the exposed samples were higher than the 
corresponding means of the control samples for all the five geomembranes. In general, 
the percent changes in the volatiles loss due to exposure were not within one standard 
deviation of the control means for any of the exposures for the five geomembranes. No 
consistent trends were observed with exposure time and temperature for four of the five 
geomembranes. Test results of GSE-SLT geomembrane exhibit consistent temporal and 
thermal trends; however, no detrimental effects are expected due to inconsistencies 
observed between related properties. 
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2.6 Extractables Content 

Rationale for Test 

The extractables content test is conducted to assess the quantity of constituents that 
can be removed from geomembranes by solvent-extraction (methyl ethyl ketone is the 
solvent prescribed by the USEPA Method 9090 test procedure). However, HDPE 
geomembranes do not contain chemical species, such as plasticizers, that can be readily 
extracted. HDPE geomembranes do contain antioxidants and some very low molecular 
weight polyethylenes material, Le., wax (waxes were discussed in Section 2.5). 
Antioxidants can potentially be removed from the geomembranes by the extraction 
procedure. However, antioxidant concentration in HDPE geomembranes is very low 
(typically less than one percent). In addition, antioxidants tend to be large molecules, 
which inhibits their extraction from materials. Therefore, it is unlikely that antioxidants 
account for a significant percentage of the total extractables content. 

The low molecular weight polyethylene material (wax) in HDPE geomembranes 
is an artifact of the production process and is not an integral part of the HDPE matrix. 
Thus, wax does not contribute to the performance of the HDPE geomembranes. Wax 
tends to be randomly distributed in HDPE geomembranes, thereby making assessment 
of the percentage of wax in HDPE unreliable. Therefore, extractables content values 
of HDPE geomembranes typically exhibit significant scatter because: (i) wax tends to 
represent the majority of material removed by the extraction procedure; and (ii) it is 
randomly distributed in HDPE geomembranes. 

Results and Discussion 

The following observations were made regarding the percent change in extractables 
content of the five geomembranes. 

GSE-SLT Geomembrane. The means of the extractables content values of the 
exposed samples were higher than the corresponding means of the control samples 
(Le., a noticeable increase in the extractables content with exposure). The percent 
changes in the extractables content due to exposure were not within one standard 
deviation of the contro1,means for any of the exposures. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
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with exposure time. 
extractables contents as compared to the exposures 50°C. 

In general, the exposures at 23°C resulted in higher 

NSC Geomembrane. The means of the extractables content values of the exposed 
samples were higher than the corresponding means of the control samples (i.e., a 
noticeable increase in the extractables content with exposure). The percent 
changes in the extractables content due to exposure were not within one standard 
deviation of the control means for any of the exposures. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

GSE-Gundle Geomembrane. The means of the extractables content values of the 
exposed samples were higher than the corresponding means of the control samples 
(i.e., a noticeable increase in the extractables content with exposure). The percent 
changes in the extractables content due to exposure were not within one standard 
deviation of the control means for any of the exposures except the 120-day 
exposures at 23°C and 50°C. The results exhibited randomness, and no consistent 
trends were observed for the changes in property with exposure time or 
temperature. 

PolyFlex Geomembrane. The means of the extractables content values of the 
exposed samples were higher than the corresponding means of the control samples 
(i.e., a noticeable increase in the extractables content with exposure). The percent 
changes in the extractables content due to exposure were not within one standard 
deviation of the control means for any of the exposures. A general reduction in 
percent changes was exhibited with exposure time; however, this trend was 
contradicted by less percent changes during exposures at the higher temperature. 

Serrot Geomembrane. The means of the extractables content values of the exposed 
samples were higher than the corresponding means of the control samples (i.e., a 
noticeable increase in the extractables content with exposure). The percent 
changes in the extractables content due to exposure were not within one standard 
deviation of the control means for any of the exposures. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature. 

GE3900-07.4/F9630 I65.APB B-16 97.6.4 



FEMP OSDF-LLCFR-REV 0 

The observations given above suggest that there was a significant increase in 
extractables content values of the exposed specimens as compared to the control values 
of all the five geomembranes. The fiidings of percent changes of extractables content 
values of HDPE geomembranes tested is typical of USEPA Method 9090 test programs. 
However, several comments can be made regarding the higher values of the exposed 
samples relative to the control samples. 

The exposed samples were ultrasonically cleaned to help remove trace levels of 
residual radioactivity from the coupons. This high-energy cleaning process may have 
made the wax more easily removable (Le., some the subsurface wax may have migrated 
to the surface, bringing it into more direct contact with the extraction solvent). In 
addition, the elevated temperature (of the 50°C (122°F) exposure) may have also 
contributed to some of the wax migrating to the surface of the geomembranes, and the 
non-uniform distribution of wax in a roll of geomembrane may cause inter-exposure 
period scatter. Also, the generally poor inter-exposure period correlation indicates that 
the higher values of exposed samples are probably not due to the leachate, because the 
action of the leachate would likely be progressive, resulting in a uniform trend. 
Furthermore, these results are not in agreement with the mass, thickness, dimensions, 
and specific gravity results, which were constant during the 120 days of the exposure 
test. Therefore, it is unlikely that the increase in extractables content is due to the 
action of the test leachate, but rather to a combination of the physical process of 
cleaning, the elevated exposure temperature, and the random distribution of wax in the 
geomembranes . 

Conclusion 

The means of the extractables content values of the exposed samples were higher 
than the corresponding means of the control samples for all the five geomembranes. In 
general, the percent changes in the extractables content due to exposure were not within 
one standard deviation of the control means for any of the exposures for all the five 
geomembranes. However, as explained earlier, the increase is not likely due to the 
action of the leachate, but rather, to.the process of ultrasonic cleaning, the elevated 
exposure temperature, and the random distribution of wax in the geomembranes. 
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2.7 Stress and Strain at Yield 

Directionality 

When a geomembrane is manufactured, the molecules of polyethylene are oriented 
slightly in the direction that the geomembrane is extruded. Geomembranes may 
therefore have different strength characteristics in the direction of orientation than in 
other directions. Thus, 'mechanical properties of geomembranes are. tested in the 
direction of extrusion (i.e., roll direction) and in the direction normal to extrusion (i.e. , 
cross-roll direction). 

Rationale for Test 

Stress at yield is the stress that is required to inelastically deform a material. It 
is the point at which molecules that are parallel to each other start to slip and slide past 
each other. Strain at yield is the lineal increase in a specimen that occurs at the yield 
stress. For a given HDPE geomembrane, stress and strain at yield display opposite 
behavior (i.e. , when stress at yield increases, strain at yield decreases). Conversely, 
when stress at yield decreases, strain at yield should increase. Stress and strain at yield 
are generally not sensitive to surface condition, (e.g. , scratches). However, when 
volatile organic chemicals are absorbed into a sample, the forces that hold parallel 
polyethylene molecules together are weakened, and, consequently, less stress is required 
to cause them to slide past each other ( ie . ,  stress at yield is reduced). Conversely, 
exposure to ultraviolet and ionizing radiation in the absence of oxygen may cause the 
surface molecules to crosslink, which would tend to increase stress at yield and reduce 
strain at yield. 

Results and Discussion 

The following observations were made regarding the percent changes in stress and 
strain at yield of the five geomembranes. 

GSE-SLT Geomembrane. The percent change in stress at yield due to exposure 
were. not within one standard deviation of the control means for any of the 
exposures except the 60-day exposures at 23°C and 50°C in the roll direction, and 
the 60-day exposure at 50°C in the cross-roll direction. In general, the percent 
changes in property decreased with exposure time in both roll and cross-roll 

GE3900-07.4ff9630 I65.APB B-18 97.6.4 



FEW OSDF-LLCFR-REV 0 

directions; however, this trend was not consistent between exposures at the two 
temperatures. 

The percent change in strain at yield due to exposure were within one standard 
deviation of the control means for all exposures except the 30-day and 120-day 
exposures at 23°C in the roll direction, and the 30-day and the 60-day exposures 
at 23"C, and 120-day exposure at 50°C in the cross-roll direction. In the roll 
direction, the change in property increased with exposure time; this was consistent 
between temperatures. In the cross-roll direction, an increase in property change 
with exposure time was noted for exposures at 50°C; exposures at 23°C showed 
randomness, and no consistent trend was observed. 

NSC Geomembrane. In the roll direction, the percent changes in stress at yield 
due to exposure were within one standard deviation of the control means for all of 
the exposures except the 30-day and the 90-day exposures at 23°C. In the 
cross-roll direction, the percent changes in stress at yield due to exposure were not 
within one standard deviation of the control means for all of the exposures except 
the 90-day exposures at 23°C and 50°C. In the roll direction, the property changes 
remained relatively constant with exposure time and temperature. In the cross-roll 
direction, the property changes decreased with exposure time; however, this trend 
was not consistent between temperatures. 

In the roll direction, the percent changes in strain at yield due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 120-day exposure at 23"C, and the 60-day and the 90-day exposures at 50°C. 
In the cross-roll direction, the percent changes in strain at yield due to exposure 
were not within one standard deviation of the control means for all of the 
exposures except the 120-day exposures at 23°C and 50°C. In roll direction, the 
percent changes remained fairly constant with exposure time; the exposures at the 
higher temperature resulted in larger percent changes. In the cross-roll direction, 
a general increase in percent property change with exposure time was observed; 
however, this trend was not consistent between the two temperatures. 

GSE-Gundle Geomembrane. In the roll direction, the percent changes in stress at 
yield due to exposure were not within one standard deviation of the control means 
for any of the exposures except the 60-day exposure at 23°C and the 30-day 
exposure at 50°C. In the cross-roll direction, the percent changes in stress at yield 
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due to exposure were not within one standard deviation of the control means for 
any of the exposures except the 60-day, the 90-day, and 120-day exposures at 
50°C. In general, percent changes decreased in the roll direction and increased in 
the cross-roll direction with exposure time; the trends were not consistent between 
temperatures. 

In the roll direction, the percent changes in strain at yield due to exposure were 
within one standard deviation of the control means for all the exposures except the 
30-day and 60-day exposures at 23"C, and the 60-day exposure at 50°C. In the 
cross-roll direction, the percent change in strain at yield due to exposure were not 
within one standard deviation of the control means for any of the exposures except 
the 120-day exposure at 23°C and the 90-day exposure at 50°C. In the roll 
direction, the results exhibited randomness, and no consistent trends were observed 
for the changes in property with exposure time or temperature. In the cross-roll 
direction, the percent changes decreased with exposure time; however, this trend 
was not consistent between temperatures. 

PolyFlex Geomembrane. The percent changes in stress at yield due to exposure 
were not within one standard deviation of the control means for any of the 
exposures except the 30-day and the 90-day exposures at 23°C in the roll direction, 
and the 60-day exposure at 23°C in the cross-roll direction. The results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time or temperature in either direction. 

In the roll direction, the percent changes in strain at yield due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 60-day exposure at 23°C and the 30-day exposure at 50°C. In the cross-roll 
direction, the percent changes in strain at yield due to exposure were within one 
standard deviation of the control means for all the exposures except the 30-day and 
the 60-day exposures 23°C and 50°C. In the roll direction, the percent changes 
remained relatively constant with exposure time and temperature. In the cross-roll 
direction, the results exhibited randomness, and no consistent trends were observed 
for the changes in property with exposure time or temperature. 

Serrot Geomembrane. In the roll direction, the percent changes in stress at yield 
due to exposure were within one standard deviation of the control means for all of 
the exposures except the 60-day exposure at 50°C. In the cross-roll direction, the 
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percent changes in stress at yield due to exposure were not within one standard 
deviation of the control means for any of the exposures except the 90-day 
exposures at 23°C and 50°C. In the roll direction, the percent change remained 
relatively constant with exposure time and temperature. In the cross-roll direction, . 

the percent property change decreased with exposure time; however, this trend was 
contradicted between temperatures. 

In the roll direction, the percent changes in strain at yield due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 60-day and the 90-day exposures at 23"C, and the 90-day exposure at 50°C. 
In the cross-roll direction, the percent change in strain at yield due to exposure 
were not within one standard deviation of the control means for any of the 
exposures except the 60-day exposures 23"C, and the 120-day exposure at 50°C. 
In both directions, the results exhibited randomness, and no consistent trends were 
observed for the changes in property with exposure time or temperature. 

Conclusion 

The means of the percent changes in stress at yield were less than one standard 
deviation of the control means for at least 5 out of 8 exposures for NSC and Serrot 
geomembranes in the roll direction. The means of the percent changes in strain at yield 
were less than one standard deviation of the control means for at least 5 out of 8 
exposures for all the' geomembranes in the roll direction and GSE-SLT geomembrane 
in the cross-roll direction. No consistent trends between exposure time and temperature 
were observed for the five geomembranes for stress or strain at yield in either direction. 
Therefore, no detrimental effects are expected to the tested property due to exposure 
to the leachate. 
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2.8 Stress and Strain at Break 

Rationale for Test 

Stress at break is the stress required to cause the rupture of the test specimen. On 
the molecular level, this is the point at which the molecules of the material either break 
or disentangle and part from each other. In contrast, strain at break is the lineal 
increase in the length of a material as it deforms (e.g., elongates) to the point of 
rupture. Both stress at break and strain at break are sensitive to surface imperfections, 
which concentrate stress. Because of this sensitivity, specimens may fail prematurely. 

Results and Discussion 

The following observations were made regarding the percent changes in stress and 
strain at break of the five geomembranes. 

GSE-SLT Geomembrane. In the roll direction, the percent changes in stress at 
break due to exposure were not within one standard deviation of the control means 
for any of the exposures except the 90-day exposure at 23°C and the 60-day 
exposure at 50°C. In the cross-roll direction, the percent changes in stress at break 
due to exposure were not within one standard deviation of the control means for 
any of the exposures except the 90-day exposure at 23"C, and the 60-day and the 
90-day exposures at 50°C. In the roll direction, the percent changes decreased 
with exposure time; however, these changes maybe considered to be relatively 
constant because the decreasing trend was not consistent between temperatures. In 
general, in the cross-roll direction, the percent changes decreased with exposure 
time; the decrease was consistent between temperatures. 

In the roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 90-day and the 120-day exposures at 23"C, and the 90-day exposure at 50°C. 
In the cross-roll direction, the percent changes in strain at break due to exposure 
were within one standard deviation of the control means for all of the exposures 
except the 30-day, the 60-day and the 90-day exposures at 23"C, and the 90-day 
exposure at 50°C. In both directions, the results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time. 

GE3900-07.4lF9630165.APB . B-22 97.6.4 



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

. .. . . .. . . ..-. 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6441% 

.. . ... ... _ _ _  __ 

__ 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTTCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Waler 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: ROLL 

Control Group 

30 and 60-day 

2252.5 
2255.0 
2162.5 
2187.5 
2420.0 

20 

15 

f 10 
n 
2 
n 5  

m o  

E 
0, 

E m 

- 
6 -5 
C 
E 
0)  -10 2 

-15 

-20 

3O-day 60 
Exposed Exposed Exposed ’ Group Group Group 

@23% Q W C  @23*C 

24925 24575 22550 
23675 24825 22750 
23875 25100 23225 
23700 25225 23800 
24225 24950 24375 

2408.0 2493.5 2334.0 * 
Exposed 

Group 
Q 50.c - 
2250 0 
23150 
2260 0 
2245 0 
2317 5 

2277.5 
22.0 
0.88 
Y 0s - 

2448.0 2880.0 
-142.5 89.5 

0 30 60 90 120 150 
Exposure Period (days) 

Exposed Exposed 

Q 23% 

22W.O 2350.0 
2250.0 2375.0 I 2362.5 I 1’:; 2275.0 2375.0 

2382.5 

2265.0 2365.0 
-267.5 -167.5 

3- Std. DeviaUoq of Control Group (-) 
+ Percant Change in Exposed Mean (23 degm 
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/- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W l M 6  

30 and 60-day 

2195 0 

2100.0 
2207.5 
2212.5 
2202.5 

20 

$ 0  

6 -5 

: 

E m 

c. c 
-10 

-15 

-20 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Panhed Ground Wafer 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

2365.0 2495.0 
2377.5 2597.5 
24025 2435.0 
2360.0 24100 -L 23700 2390.0 

Exposed Exposed 
Group Group 

2297.5 
2510.0 
2590.0 
2532.5 
2535.0 

2220.0 
2197.5 
2177.5 
2222.5 
2252.5 

I I 

14.17 
No . 

Group Group Group Group Group Group 
a23-C @ W C  a23.C @so% 

1.1 3.0 
2478.5 26905 2277.5 2355.0 
-1335 78.5 -202.5 -125.0 
-5 I1 3 01 4 17 Sod 

-0- Sld. Deviation of Contml Gmup (-) 
+Percent Change in Exposed Mean (23 degree) 

0 30 60 90 
Exposure Period (days) 

120 150 
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CHEMICAL COMPATIBILITY TEST RESULTS 
/- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/1-6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTlCS: 80 mil HOPE Geomernbkm 
IMMERSION MEDIUM: Rrrhed Gmund Wafer 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 

Control Group 

for 
30 and 60day 

Exmsures 

, . , . i; 
21.0 

Mean d Canw c.mua= 97 1 

ISId. Deviation of Mean of Contml Grwo I+/.\= 1 1 2  

Sld. Deviation of Mean of Control Group as 46 = 
Mean d Exposed Group= 
Change in Exposed Mean horn Control Mean= 
Percent chanoe in Emsed Mean horn Contml Mean= 

5.6 

11s chanae less than one Std. Deviation of Control Grouo? I 

19 9 21 2 
20 4 

21 7 22 4 

20 5 22 4 * 
20.6 I 21.8 

-y+!jf -7.01 

0 I /- 

0 30 60 90 120 150 
Exposure Period (days) 

Std. Deviation of c4ntml Grarp (-) 
-a- P m n l  Change In Exposed Mean (23 degree C) 



- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14,96 

Control Group 

30 and 60-day 
Exposures 

22.3 

21.8 

I 
h e a n  of Conbpl Group  I 99 9 I -- - 

I 0 7  Std Denabon of Mean ol Conbol ~ m u p  (+I.)= 

2c 

15 

10 
Q e 
n s  

g o  
6 -5 

p" -15 

c .- 
E a 

C 
E 
9) -10 
2 

-m 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC J 0 6  NO.: GNOOO 
MATERIAL TYPE: GSE-SLT 

CHARACTERlSllCS: 80 mil HOPE Geomembram 
IMnERSlON MEDIUM: h d e d  Gmnd Wafer 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 

0 30 60 80 120 150 Exposure Period (days) 

23.0 20.5 22.3 
23.7 20.4 23.0 
23.6 21.0 

I I 
22.9 I I I 

I 

-10.76 -1.16 

--)- Sld. Deviation ol Control Grarp (-) 
-&-Percent Change In Exposed Mean (23 degree C) 
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CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

2562.5 
2640.0 
2640.0 
2505.0 
2577.5 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14/96 

2587.5 
2575.0 
2505.0 
2577.5 
2572.5 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: NSC 

CHARACTERISTICS: EO mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

Mean of Control Group= 
Std. Deviation of Mean of Control Group (+/.)= 

Std. Deviation d Mean of Conbd Group as % = 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: ROLL 

2534.0 
44.8 
1.8 

Control Group 

30 and 60-day 
Exposures 

2575 0 

2495.0 
2505.0 
2590.0 

Mean d Exposed Group= I 
Change in Exposed Mean from Control Mean= 
Percent change in Exposed Mean horn Control Mean= 
Is change less man one Std Denabon of Control Group? 

I 

20 

15 

'10 
n s! 
n 5  

g o  

6 5  

C 
I 

C 
(P 

c 
C 

-10 
t! 
al 

-15 

-20 

3 M a y  ' 
lxposed I Exposed 

* 

60-day I 

Exposed Exposed 
Group Group 
@23'C @ W C  

25300 24950 
26250 25750 
25450 25925 
24975 25200 f 25925 25375 

' 9Way 
Control I  posed I ~xposed 
Group 

- 
2607.5 
2642.5 
2685.0 
2827.5 
2685.0 

Group Group 
@23% @ W C  

2895.0 2640.0 
2707.5 2592.5 
2717.5 2692.5 
2687.5 2557.5 t 2687.5 2717.5 

2649.5 =El= 
2695.0 2640.0 

I 1.72 I '0.36 

I No I Yes 

0 30 60 Bo 120 150 
Exposure Period (days) 

12O-day 

-m- Std. Deviation d Control Gmup (-) 
-d- P e m t  Change In Exposed Mean (23 degree 

. 
. 9. 
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CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM 06.78 

DATE TESTED: W1a6 

GEOSYNTEC JOB NO.: GE39W 

MATERIAL TYPE: NSC 
CHARACTERlSllCS: 80 mil HDPE Geomembrane 

IMMERSION MEDIUM: Perched Gmund Wafer 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

@ 23’C 

Control Group 

for 

Exposures 

2512 5 2605 0 
2475 0 2682 5 
2487 5 2767 5 
2397 5 2825 0 
2605 0 2717 5 

20 

15 

f 10 
n e 
n 5  

g o  
6 -5 

p” -1s 

C .- 
C 
m 

c .  
C 
9) -10 e 

-20 

. 4.63 I 4.15 I 4.97 I I -1.61 
No I No I No I I Yes 

. -. ... - .. . . . -. -. . 

0 30 60 - 9 0  120 150 
Exposure Period (days) 

I 1 2 ~ 8 ~  
Exposed I Control I Exposed I Exposed 

Group Group Group Group 
@ s0”C aZ3.C @So% 

2627.5 2622.5 2592.5 2470.0 
2647.5 2642.5 2530.0 2485.0 
2585.0 2662.5 2550.0 2520.0 1 2560.0 2730.0 I 2697.5 1 2520.0 I 
2685.0 2732.5 2470.0 2515.0 

2671.5 

-0- Sld. Deviation ol Control Gmup (-) 
--.b Percent Change in Exposad Mean (23 degree 

8 
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CHEMICAL COMPATIBILITY TEST RESULTS -I'L GEOSYNTEC CONSULTANTS 

Materids Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14D6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HDPE Geommbmne 
IMMERSION MEOIUM: Gmund Wetor 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 

Control Group 3Oday 60- 
for Exposed Exposed Exposed 

30 and 60-day Group Group Group 
Exposures g 2 x  @so"c ~ 2 3 %  

21 3 20 5 20 4 21 8 
21 8 20 4 20 5 20 5 
21 1 20 4 20 5 22 3 
19 9 20 5 18 2 19 9 
19 8 20 4 20 0 21 1 

I I I 

Mean of Control Group- I 20.8 I I I 
Sld. Deviation of Mean of Control Gmup (+/-)= 0.9 

Exposed Control 

21 0 22 4 
23 0 20 4 

20 9 

8.41 

-20 1 I I I '  I 

- 
g(kleY 
Exposed 

Group 

- 
@ 23% - 
20 4 

20 5 
21 e 
205 
18 0 - 

- - 
Exposed 

Group 
0Dso"c - 
22 3 
21 2 
22 4 
22 3 
224  - 

12O-day 

22 4 21 2 23 7 
22 3 23 8 

23 8 21.7 24 2 

-1.77 I 5.59 I I -5.89 1 2.82 

Yas I No I I No I Yes 

Sld. Dsviath of Control Gmup (4 
--bPerranl Change in Expored Mean (23 deOR0 C) - P O M n l  m e  In EVOpored Mean (50 d q m  C) 

0 30 80 90 120 150 
Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: WlM6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACERISllCS: 80 mil HDPE Geomembkne 
IMMERSION MEDIUM: penhed Gmund Wafer 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 

20 
I I I I 

I-c Sld. Deviation of Conbd Group (-) 
+Penen1 Change In Exposed Mean (23 degree C) 
+Percent Change In Exposed Mean (50 dearee CI 

0 30 120 150 Exfisure Period (&s) 
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CHEMICAL COMPATIBILITY TEST RESULTS -., GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: ffIM6 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISllCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: ROLL 

20 
I I I I i 

15 

10 
n e 
n 5  

g o  
0" -5 

E - 
e 
0 

U 
E 

-10 

$ 
-15 

-20 
0 60 80 120 150 

Exposure Period (days) 

a Std. Deviation d Control Group (-) 
+Percent Change In Exposed Mean (23 degree 



- -- - - GEOSYNTEC CONSULTANTS 

Control Group 

for 
30and60-day 

Exposures 

2797 0 

2870 8 
2650 6 
2773 1 
2853 1 

2789 0 
869 
3 1  

Materials Testing Laboratory 

3May  6 M a y  L 

Exposed Exposed Exposed Exposed 
Group Group Group Group 
@23'c @ w c  ~ 2 3 ' ~  @ x r c  

26850 25600 26438 26563 
26825 25950 26875 28875 
27350 26925 26608 27563 
26900 26875 27625 27500 
27150 27225 26500 2731 3 

2701 5 28475 26825 27188 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: fff4.W 

Group 

2785.0 
2862.5 
2785.0 
2850.0 
2795.0 

2815.5 
37.7 

CHEMICAL COMPATIBILITY TEST RESULTS 

Group Group Group Group Group 
@23% @WC @ 2 3 T  @ S a c  

2770.0 2725.0 2707.5 2520.0 2730.0 
2667.5 2845.0 2710.0 2527.5 2882.5 
2637.5 2650.0 2810.0 2705.0 2845.0 
2672.5 2855.0 2877.5 2700.0 2845.0 
2697.5 2837.5 2815.0 2782.5 2842.5 

2784.0 
73.7 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISllCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Pezhed Gmund Wafer 

87.4 
-3.14 
No 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

~ ~~~ 

-141.5 -106.5 -72.7 
-5.07 -3.82 -2.81 

No No Yes 

20 

-20 I 1 1 I I 

Sld. Deviation of Control Group (-) 
+Percent Change in Exposed Mean (23 degree 

0 30 60 Bo 120 150 
Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

18.6 
19.1 . 
19.9 
18 5 
18.5 

Percent change in Exposed Mean horn Control Mean= 
Is change less man one Std Denallon of Control Group? 

19.3 20.0 19.8 
20.4 19.1 18.6 
20.5 18.0 19.1 
21.7 18 5 18.0 
19.2 16.7 19.3 

CUENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSECunde 

DATE TESTED: W l a 6  CHARACTERISnCS: 80 mil HDPE Geomernbmne 
IMMERSION MEDIUM: Perched Gmund Wafer 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 

15 

Control Group 

Exposed Exposed Exposed Exposed 
30 and 60-day Group Group Group Group 

Exposures @ZJ'C @SOT @ZYC @W'C 

~ 

21.7 
19 8 
19.1 
21 8 
21.7 

20.8 
1.3 
6.1 4 

-9.24 -2.90 -11.28 8.99 

n e 
n 5  

g o  
if -5 

c .- 
C m 

U c 
0 -10 
2 
0 

-15 
I I I I 

-20 I I I 1 I 

Std. Devialion ofcCntrol Group (-) 
---b Percent Change in Exposed Mean (23 degree C) 

0 30 60 90 120 150 Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS ,- GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: 6/14/96 

GEOSYNEC JOB NO.: GE39W 
MATERIAL TYPE: GSEGundle 

CHARACERlSllCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 

20 

15 

E 10 
n e 

m o  

.a 5 
E 
0)  

c 
m 

- 

0 ' 5  
c 
E 
a -10 

al 
a -15 
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-20 

, 

3- Sld. DeviaUon d Control Gmup (-) 
-&- Percenl Change in Exposed Mean (23 degree C) 

30 60 90 120 150 0 
Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS /L GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

__- 

_ _ _ -  -. 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14&6 

, 
-@- SId Deviabon of Control Group (-) -__-_-__-~ - - 

-__ __ ____ 

GEOSWTEC JOB NO.: GEJOOO 
MATERIAL TYPE: POLYFlEi  

CHARACTEMSnCS: 80 mil HDPE Geomembane 
IMMERSION MEDIUM: Perched G m n d  Water 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: ROLL 

2a 

15 

i a  
n e 
n 5  

g o  
6 -5 

E .- 
E m 

C 
C 
Q -10 
2 

-15 

-20 1 1 I I 
30 60 90 120 150 0 

Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS - GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

Control Group 

for 
30and60day 

Exposures 

CLIENT: FERMCO 
METMOD: ASTM 063.9 

DATE TESTED: W1M6 

3 W a y  do-day" * 

Exposed Exposed Exposed Exposed 
Group Group Group Group 
@23% @w'C @23'C @ W C  

GEOSYNEC JOB NO.: GEJOW 
MATERIAL TYPE: POLYFLW 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: perched Gmund Water 

Mean ol Control Group= 
Sld Dewabon of Mean ol Conbut Group (+/+ 

Sld Denabon 01 Mean of Control Group as % = 
Mean d Exnosed Gmuw 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

2700 0 27625 24725 26675 30450 
2587 5 30500 25475 26700 29625 
2606 3 28075 26250 26750 29550 
2650 0 27325 28250 26525 29250 
2737 5 27725 25625 27000 30625 

2656 3 
62 8 
2 4  

khanae in E x w s e d  Mean from Control Mean= I 
~~ 

Percent change in Exposed Mean hum Conlrol Mean= I 1 6.35 I -3.38 I 0.63 I 12.56 
Is change less man one Sld. Deviation of Control Group? I No I No I Yes I No 

20 

15 

t 10 

f 
n 5  
e .- 
g o  

6 5  

$ 

e 
m 
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0 -10 

-15 

-20 

- Std. Deviation d Conbul Group (-) 
+Pemnt Change In Exposed Mean (23 degree 

0 30 60 90 
Exposure Period (days) 

120 150 
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CHEMICAL COMPATIBILITY TEST RESULTS 

c. GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W l M 6  

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 

CHARACTERISTICS: 80 mil HOPE Geomembmne 
IMMERSION MEDIUM: F8mhea Gmuna Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 

-20 I I 1 I I 
0 

Std. Deviation d ConW Grwp (+) 

sta. ~ e v i e m  d mbol ~ m u p  (.) 

--b Perumt Change in Exposed Mean (23 degree C) It' -H- Percent Change in Exposed Mean (50 degree C) 

Jo 60 Bo 
Exposure Period (days) 

120 150 
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- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W1-6 

Control Group 

for 
30 and 60-day 

Exposures 

18.5 
18.5 
18.5 
186 
18.0 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOBNO.: GE39W 
MATERIAL TYPE: P0LYFL.W 

CHARACTERIS7lCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 

15 3 
17 8 19 1 
17 0 
16 0 17 8 

Mean of Control Group= 16.4 

Sld. Deviation of Mean of Control Group (+/-)= 

Sld. Deviation of Mean of Control Group as % = 
Mean of Exposed Group= 
Change in Exposed Mean from Contml Mean= 
Pemnl change in Exposed Mean from Control Mean= -11.41 1.87 
Is change less than one Sld. Deviation of Control Group? 

20 

15 

ff 10 

t n 5  
c .- 
g o  
6 -5 
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C m 

C 
C 

-10 

-15 

. 12O-day 
Control I Exposed I Exposed 

20.4 
19.2 . 
19.9 11.9 21.0 

I 18.8 1 19.7 ICI:", 

-20 
0 30 50 90 120 150 

Exposure Period (days) 

Sld. Deviation of Conbd Gmup (-) 
--b Percenl Change in Exposed Mean (23 degree C) 



- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

Control Exposed 
Group Group 

@23*C 

25225 27275 
25175 2702.5 
27550 27875 
28125 26900 
28425 26825 

CUENT: FERMCO 
wETnoo: ASTM D ~ B  

DATE TESTED: WlM6 

Exposed 
Group 

@ W C  

25438 
25000 
24938 
25438 
26938 

Control Group 

for 
30 and 60-day 

Exposures 

Control 
Group 

27350 
28250 
26200 
25525 
27125 

2462.5 
2681.3 
2512.5 
2631.3 
2506.3 

Exposed Exposed 
Group Group 
@23% @ W C  

25825 25475 
26425 25688 
25825 2810.0 
28775 2 6 W O  
25875 26325 

20 

15 

E 10 

2 
n 5  

g o  

6 3  
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c - 
c 
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c 
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-10 

-15 

-20 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: SERROT 

CHARACTERISTTCS: 80 mil HDPE Geomernbrane 
IMMERSION MEDIUM: &hed  Gmund Wafer 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: ROLL 

Ixposed Exposed Exposed Exposed 
Group Group Group Group 

23825 25675 24375 28500 
27825 28125 25250 26250 
24975 25900 24625 28188 
24475 25850 25125 213188 
25300 25775 23938 26563 

5.4 I I 
I 2718.0 I 2555.0 
I B B O  I -95 0 ~. . 

I 2.57 I 3.58 
I Yes I Yes I Yes I Yes 

-Sld. Devietion of Control Group (-) 
-&-Percent Change In Exposed Meen (23 degree 

.. - -- .-__ __-. 

-. __- --- ____ 

0 30 60 Bo 120 150 
Exposure Period (days) 
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CHEMICAL COMPATIBILITY TEST RESULTS /- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM Ob38 

DATE TESTED: 6'14196 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: SERROT 

CHARACTERISnCS: BO mil HOPE Geomemb6ne 
IMMERSION MEDIUM: Penhed GmnU Water 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

11s change less than one Sld Denabon of Control Group? I Yes I No 

20 

15 

fr 10 
n e a 5  
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0 30 60 m im 150 
Exposure Period (days) 

3.1 Sld. Deviation d Control Group (-) 
---b Perwnt Change In Exposed Mean (23 degree 
+ Percenl Change in Exposed Mean (50 degree 
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Control Group 

for 
30 and 60-day 

Exposures 

19 8 
18 0 
19 8 
18 6 
20 3 

19 3 
10 
49 

Materials Testing Laboratory 

3O-day * 

Exposed Exposed 

Group Group 
@23% @ W C  

18 4 20 5 
20 3 20 4 
19 1 19 9 
19 2 20 3 
19 7 19 8 

19 3 20 2 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE mSTED: W146 

Control 
Group 

20 0 
18 5 
20 4 
19 3 
19 9 

196 
08 
39 

PROPERTY (UNIT): STRAIN AT YIELD (Yo) 
DIRECTION: ROLL 

Exposed Exposed 
Group Group 
@23’C @ W C  

20 4 23 8 
21 7 21 7 
21 8 20 4 
21 0 21 7 
21 7 21 8 

I 21 3 
Change in Exposed Mean horn Control Mean= 
Pemnl change in Exposed Mean from Control Mean= 
Is charme less than one Sld. Oeviation 01 Conbol GfWD? 

21 9 

20 

Q ) o  F 
6 -5 
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a -15 
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-20 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOS W E C  JOB NO.: GE39W 
MAERIAL TYPE: SERROT 

CHARACERISllCS: 80 mil HOPE Gmembrane 
IMMERSION MEDIUM: &rched Ground Water 

ixposed Exposed 

Group Group 

21.7 
20.4 . 

22.3 
20.4 
20.8 

19.9 
20.8 
19.1 
20.5 
20.4 * I 

21.1 I 20.1 

‘ 1 2 W a y  , . . 

21 8 21 7 
21 8 20 5 
20 4 20 4 20 6 
192 21 2 21 8 

1.73 2.42 
Yes Y ell 

Sld. DevlaUon of Control Group (-) 
-4- Pemnl Change In Exposed Mean (23 degree C) 

.! 
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CLIENT: FERMCO 
METHOD: ASTM 0636 

DATE TESTED: W14EJ6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: EO mil HDPE Geomembmne 
IMMERSION MEDIUM: PBrChed Ground Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 

Control Group 3O-day I 60day j *  
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In general, the exposures at 23°C resulted in higher percent change in exposed 
means than exposures at 5OoC, in both directions. 

NSC Geomembrane. In the roll direction, the percent changes in stress at break 
due to exposure were within one standard deviation of the control means for all of 
the exposures except the 90-day and the 120-day exposures at 23"C, and the 60-day 
and the 120-day exposures at 50°C. In the cross-roll direction, the percent changes 
in stress at break due to exposure were within one standard deviation of the control 
means for all of the exposures except the 120-day exposures at 23°C and 50°C. In 
general, the percent change in stress at break due to exposure remained relatively 
constant with exposure time and temperature in both directions. 

In the roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 90-day exposure at 23OC, and the 30-day and the 90-day exposures at 50°C. In 
the cross-roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 90-day exposure at 50°C. In general, the percent change in strain at break due 
to exposure remained relatively constant with exposure time and temperature in 
both directions. 

GSE-Gundle Geomembrane. In the roll direction, the percent changes in stress at 
break due to exposure were within one standard deviation of the control means for 
all the exposures. In the cross-roll direction, the percent changes in stress at break 
due to exposure were not within one standard deviation of the control means for 
any of the exposures except the 30-day and the 90-day exposures at 23OC, and the 
120-day exposure at 50°C. In general, the percent change in stress at break due 
to exposure remained relatively constant with exposure time and temperature in 
both directions. 

In the roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all the exposures. In the 
cross-roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 90-day exposure at 50°C. In general, the percent change in strain at break due 
to exposure remained relatively constant with exposure time and temperature in 
both directions. 

B-23 97.6.4 
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PolvFlex Geomembrane. In the roll direction, the percent changes in stress at 
break due to exposure were within one standard deviation of the control means for 
all of the exposures except the 30-day exposure at 23"C, and the 60-day and the 
120-day exposures at 50°C. In the cross-roll direction, the percent changes in 
stress at break due to exposure were within one standard deviation of the control 
means for all of the exposures except the 120-day exposures at 23°C and 50°C. In 
the roll direction, in general, the percent changes in stress at break due to exposure 
remained relatively constant with exposure time and temperature. In the cross-roll 
direction, the percent changes in stress at break due to exposure decreased with 
exposure time; however, this trend was not consistent between temperatures. 

In the roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 60-day exposure at 50°C. In the cross-roll direction, the percent changes in 
strain at break due to exposure were within one standard deviation of the control 
means for all of the exposures except the 90-day exposure at 23"C, and the 120- 
day exposures at 23°C and 50°C. In the roll direction, in general, the percent 
changes in strain at break due to exposure remained relatively constant with 
exposure time and temperature. In the cross-roll direction, the percent changes in 
strain at break due to exposure decreased with exposure time; however, this trend 
was not consistent between temperatures. 

Serrot Geomembrane. In the roll direction, the percent changes in stress at break 
due to exposure were within one standard deviation of the control means for all of 
the exposures except the 30-day exposure at 23°C. In the cross-roll direction, the 
percent changes in stress at break due to exposure were within one standard 
deviation of the control means for all of the exposures except the 90-day and the 
120-day exposures at 23°C and 50°C. In general, the percent change in stress at 
break due to exposure remained relatively constant with exposure time and 
temperature in both directions. 

In the roll direction, the percent changes in strain at break due to exposure were 
within one standard deviation of the control means for all of the exposures except 
the 30-day and the 120-day exposures at 23°C. In the cross-roll direction, the 
percent changes in strain at break due to exposure were within one standard 
deviation of the control means for all of the exposures except the 90-day and the 
120-day exposures at 23°C and 50°C. In general, the percent change in strain at 

GE3900-07.4/F9630 165.APB B-24 97.6.4 
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break due to exposure remained relatively constant with exposure time and 
temperature in both directions. 

Conclusion 

The means of percent changes in stress at "reak were within one standard deviation 
of the control means for at least 5 out of 8 exposures for all geomembranes except 
GSE-SLT geomembrane in both directions and the GSE-Gundle geomembrane in the 
cross-roll direction. The means of percent changes in strain at break were within one 
standard deviation of the control means for at least 5 out of 8 exposures for all 
geomembranes except the GSE-SLT geomembrane in the cross-roll direction. No 
consistent trends between exposure time and temperature were observed for the five 
geomembranes for stress or strain at break in either direction except GSE-SLT 
geomembrane in the cross-roll direction. However, the trends with exposure time and 
temperature for stress at break for the GSE-SLT geomembrane in the cross-roll 
direction are not reflected as a trend in the roll direction or in the strain at break in 
either directions. Therefore, no detrimental effects are expected to the tested property 
due to exposure to the leachate. 

B-25 ' 97.6.4 
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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W l M 6  

C HEMICAL COMPATIBILITY TEST RESULTS 

G E O S V N ~ C  JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

CHARACTERlSllCS: 80 mil HOPE Geomembrane 
IMMERSION MEWUM: perched G m n d  Water 

PROPERTY (UNIT): STRESS AT BREAK (psi) 
DIRECTION: ROLL 

Control Group 
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Control Group 

for 

Materials Testing Laboratory 

3May  
Exposed I Exposed 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14196 

h a n  nf rantmi Gmuor 

CHEMICAL COMPATIBILITY TEST RESULTS 

30 and 60-day Group Group 
Exposures @23% @So% 

5320 0 57450 5 m o  
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DIRECTION: CROSS-ROLL 
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GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Wafer 
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GEOSYNTEC CONSULTANTS 
Materia Is Testing La bo rat0 ry 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/1-6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: BO mil HDPE Geomembmne 
IMMERSION MEDIUM: P e ~ / ~ e d  Gmund Weler 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: ROLL 

Sld. DevlaUon of control Gmup (-) 
--b Percenl Change In Exposed Mean (23 d6QNe C) 

0 30 60 90 120 150 
Exposure Period (days) 



- .  

CHEMICAL COMPATIBILITY TEST RESULTS ,I\ GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: f f lM6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: percirea Gmund water 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: CROSS-ROLL 
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h e a n  of Conbol Gmm= 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6'14,96 

Control Group 
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4492 5 
4600 0 
4455 0 
4565 0 
4487 5 

4520 0 

40 

Std Dewallon of Mean ol Control Group (+I.]= I 60 1 
Std Dewalon of Mean 01 Conlrol Group as % = 
Mean oi Ermred Grnub- I 

13 

___ __ 

khantm in Exmsed Mean from Contml Mean= I 
nt change in Exposed Mean from Control Mean= 
nge less man one Std. Deviation of Control Group? 

I 
. [ 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSWTEC JOB NO.: GE3900 
MATERIAL W E :  NSC 

CHARACTERISTICS: 80 mil HOPE Geomembkne 
IMMERSION MEOIUM: F'erched Gmund Wafer 
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DIRECTION: ROLL 
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Materials Testing Laboratory 

Mean of Control Group= 
Sld Denabon of Mean of Control Group (+/.)= 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: WlM6 

Control Group 30- 
for Exposed 

30 and 60-day Group 
Exposures Q 2% 
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GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: P%nhed Ground Wafer 
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,- GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM D63B 

DATE TESTED: 6/14/96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTICS: BO mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: ROLL 
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Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: NSC 

DATE TESTED: 6/14/¶6 CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: CROSS-ROLL 
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Exposures 0 23% 
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Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM 0638 

OAT€ TESTED: W14196 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISllCS: 80 mil HOPE Geomembtane 
IMMERSION MEMUM: perdhed G ~ U M  water 

PROPERTY (UNIT): STRESS AT BREAK (psi) 
DIRECTION: ROLL 

Control Group 

Exposures 

4870.0 4177.5 4192.5 4272.5 4757.5 
4740.0 4942.5 4180.0 4185.0 5030.0 
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--b Pemnl Change In Exposed Mean (23 degree C )  

0 60 80 1 20 150 Exposure Period (days) 



- - -  - 
CHEMIC-L COMPATIBI 

- GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14196 

GEOSVNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSEGundle 

CHARACTERISTICS: 80 mil HOPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): STRESS AT BREAK (psi) 
DIRECTION: CROSS-ROLL 
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Materials Testing Laboratory 

3O-day 604ay 
Exposed Exposed Exposed Exposed 

Group Group Group Group 
@ 2 3 T  @ W C  @23"C @ W C  

12280 12270 10360 12660 
11870 11570 11930 11740 
10630 12850 12560 12470 
12410 10690 12360 13030 
10440 12200 13020 12150 

CUENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: W14.46 

Control 
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GEOSWlEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISnCS: 80 mil HOPE Geomembmne 
IMMERSION MEDIUM: PBnhed Gmund Water 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14,96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISTICS: 60 mil HOPE Geomembrane 
IMMERSION MEDIUM: Penhed Gmund Wafer 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: CROSS-ROLL 

Control Group . 3Way  
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30 and 60-day Group Group 
Exposures Q 23-c @ 5 v c  
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Control 
Group 

43025 
37175 
30700 
48850 
47050 

41380 
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18 0 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 64486 

Exposed 
Group 
Q 23'C 
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40850 
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CHEMICAL COMPATIBILITY TEST RESULTS 

Control 
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4483 
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GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: ~ L Y F L ~  

CHARACTERISTlCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: F8rched Gmund Wafer 

Exposed Exposed 
Group Group 
Q23'C Q W C  
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DIRECTION: ROLL 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 
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CLIENT: FERMCO 
METHOD: ASTM 0638 
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30 and 60-day 
Exposures 

CLIENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: W14196 
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GEOSYNTEC JOB NO.: GE3900 CUENT: FERMCO 
METHOD: ASTM D638 MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HDPE Geomembine DATE TESTED: WlM6 
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2.9 Modulus of Elasticity 

Rationale for Test 

Modulus of elasticity is a measure of the stiffness of a material and is calculated 
from a tangent line drawn from a point on the steepest part of the initial portion of a 
geomembrane stresdstrain curve. Like stress at yield, modulus of elasticity decreases 
when the material absorbs chemicals from leachate and increases when it is crosslinked 
by the action of high energy radiation. 

Results and Discussion 

The following observations were made regarding the percent changes in modulus 
of elasticity of the five geomembranes. 

GSE-SLT Geomembrane. In the roll direction, the percent changes in modulus of 
elasticity due to exposure were within one standard deviation of the control means 
for all of the exposures except the 120-day exposures at 23°C and 50°C. In the 
cross-roll direction, the percent changes in modulus of elasticity due to exposure 
were within one standard deviation of the control means for all of the exposures 
except the 60-day exposure at 23"C, and the 30-day exposure at 50°C. In the roll 
direction, percent change in property for exposures at 23°C remained relatively 
constant with exposure time; for exposures at 50°C percent change in property 
decreased with exposure time. In the cross-roll direction, percent change in 
property for exposures at 50°C remained relatively constant with exposure time; 
for exposures at 23"C, results exhibited randomness, and no consistent trends were 
observed for the changes in property with exposure time. 

NSC Geomembrane. In the roll direction, the percent changes in modulus of 
elasticity due to exposure were not within one standard deviation of the control 
means for any of the exposures except the 30-day and the 90-day exposures at 
23°C. In the cross-roll direction, the percent changes in modulus of elasticity due 
to exposure were within one standard deviation of the control means for all of the 
exposures except the 30-day, the 60-day and the 90-day exposures at 23"C, and the 
30-day exposure at 50°C. In the roll direction, results exhibited randomness, and 
no consistent trends were observed for the changes in property with exposure time 
or temperature. In the cross-roll direction, in general, percent change in property 

GE3900-07.4/F9630 165.APB B-26 97.6.4 
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decreased with exposure time; however, this trend was not consistent between 
temperatures. 

GSE-Gundle Geomembrane. In the roll direction, the percent changes in modulus 
of elasticity due to exposure were not within one standard deviation of the control 
means for *any of the exposures except the 90-day -exposures at 23°C and 50°C. 
In the cross-roll direction, the percent changes in modulus of elasticity due to 
exposure were not within one standard deviation of the control means for any of 
the exposures except the 120-day exposure at 23"C,. and the 30-day exposure at 
50°C. In the roll direction, in general, percent change in property decreased with 
exposure time; however, this trend was contradicted between temperatures. In the 
cross-roll direction, percent change in property remained relatively constant with 
exposure time and temperature. 

PolvFlex Geomembrane. In the roll direction, the percent changes in modulus of 
elasticity due to exposure were within one standard deviation of the control means 
for all of the exposures except the 90-day and the 120-day exposures at 23"C, and 
the 120-day exposure at 50°C. In the cross-roll direction, the percent changes in 
modulus of elasticity due to exposure were within one standard deviation of the 
control means for all of the exposures except the 60-day and 120-day exposures 
at 23"C, and the 90-day exposure at 50°C. In the roll direction, percent change 
in property for exposures at 50°C remained relatively constant with exposure time; 
for exposures at 23"C, results exhibited randomness, and no consistent trends were 
observed for the changes in property with exposure time. In the cross-roll 
direction, percent change in property remained relatively constant with exposure 
time and temperature. 

Serrot Geomembrane. In the roll direction, the percent changes in modulus of 
elasticity due to exposure were not within one standard deviation of the control 
means for any of the exposures except the 60-day exposure at 50°C. In the cross- 
roll direction, the percent changes in modulus of elasticity due to exposure were 
not within one standard deviation of the control means for any of the exposures 
except the 120-day exposure at 50°C. In both directions, the percent change in 
property remained relatively constant with exposure time; however, exposures at 
50°C showed less Dercent changes than exDosures at 23°C. 

GE3900-07.4ff9630165.APB B-27 97.6.4 
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Conclusion 

The means of percent changes in modulus of elasticity were within one standard 
deviation of the control means for at least 5 out of 8 exposures for GSE-SLT and 
Polyflex geomembranes in both directions. Randomness in data or inconsistent trends 
were observed in means of percent changes in both directions for NSC and Serrot 
geomembranes. The means of percent changes for GSE-Gundle geomembrane exhibited 
consistent trends between exposure time and temperature in the cross-roll direction; 
however, a similar trend was not observed in the roll direction. Therefore, no 
detrimental effects are expected to the tested property due to exposure to the leachate. 
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CLIENT. FERMCO GEOSYNTEC JOB NO.: GE3900 
METHOD. ASTM 0638 MATERIAL TYPE: GSE-SLT 

DATE TESTED: Wl41p6 CHARACTERISllCS: EO mil HDPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Wafer 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14B6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14m6 
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GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: NSC 

CHARACTERISnCS: 80 mil HDPE Geornembrane 
IMMERSION MEDIUM: Perched Grwnd Wafer 
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DIRECTION: ROLL 

20.0 

15 0 

10.0 
a e a 5.0 

g 0 0  

0' 5 . 0  

E - 
c 
IE 

C 
E 
0) -10.0 e 
Q 

-15.0 

-20.0 

... -. . .- I I 

__ ___ ~ __._ 

4 
0 30 60 90 120 150 Exposure Period (days) 

- Sld Deviation of Conbol Group (-) 

-A- Percent Change In Exposed Mean (23 degree C) 



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

- .  

CLIENT: FERMCO 
METHOD: ASTM 0638 
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for 
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2.10 Initial Tearing Resistance 

Rationale for Test 

Initial tearing resistance is a measure of the resistance of a material to being tom. 
A test specimen is tested in tension and is pulled in a direction that is perpendicular to 
the direction of a pre-existing tear. As with yield stress and modulus of elasticity, 
initial tearing resistance is reduced when the material absorbs volatile constituents. 

Results and Discussion 

The following observations were made regarding the percent changes in initial 
tearing resistance of the five geomembranes. 

GSE-SLT Geomembrane. In the roll direction, the percent changes in initial 
tearing resistance due to exposure were within one standard deviation of the 
control means for all of the exposures except the 30-day, the 60-day and the 90- 
day exposures at 23°C. In the cross-roll direction, the percent changes in initial 
tearing resistance due to exposure were within one standard deviation of the 
control means for all of the exposures except 90:day and the 120-day exposures 
at 50°C. In both directions, the percent change in property remained relatively 
constant with exposure time and temperature. 

NSC Geomembrane. In the roll direction, the percent changes in initial tearing 
resistance due to exposure were within one standard deviation of the control means 
for all of the exposures except the 90-day and the 120-day exposures at 23°C and 
50°C. In the cross-roll direction, the percent changes in initial tearing resistance 
due to exposure were not within one standard deviation of the control means for 
any of the exposures except the 30-day exposure at 23"C, and the 30-day and the 
60-day exposures at 50°C. In the roll direction, the percent change in property 
increased with exposure time; however, this trend was not consistent between 
temperatures. In the cross-roll .direction, results exhibited randomness, and no 
consistent trends were observed for the changes in property with exposure time or 
temperature. 

GSE-Gundle Geomembrane. In the roll direction, the percent changes in initial 
tearing resistance due to exposure were within one standard deviation of the 
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control means for all of the exposures except the 120-day exposure at 23"C, and 
the 90-day and the 120-day exposures at 50°C. In the cross-roll direction, the 
percent changes in initial tearing resistance due to exposure were not within one 

. standard deviation of the control means for any of the exposures except the 60-day 
exposure at 23"C, and the 30-day and the 60-day exposures at 50°C. In both 
directions, the percent change in property decreased with exposure time; this trend 
was consistent between temperatures. 

PolvFlex Geomembrane. In the roll direction, the percent changes in initial 
tearing resistance due to exposure were not within one standard deviation of the 
control means for any of the exposures except the 30-day exposure at 23"C, and 
the 30-day, 60-day and the 120-day exposures at 50°C. In the cross-roll direction, 
the percent changes in initial tearing resistance due to exposure were not within 
one standard deviation of the control means for any of the exposures except the 
120-day exposures at 23°C and 50°C. In both directions, results exhibited 
randomness, and no consistent trends were observed for the changes in property 
with exposure time. 

Serrot Geomembrane. In the roll direction, the percent changes in initial tearing 
resistance due to exposure were within one standard deviation of the control means 
for all of the exposures except the 60-day and the 120-day exposures at 23"C, and 
30-day and the 120-day exposures at 50°C. In the cross-roll direction, the percent 
changes in initial tearing resistance due to exposure were within one standard 
deviation of the control means for all of the exposures except the 60-day and the 
120-day exposures at 23OC, and 30-day and the 120-day exposures at 50°C. In 
both directions, the percent change in property decreased with exposure time; this 
trend was consistent between temperatures. 

a, 

Conclusion 

The means of the percent changes in initial tearing resistance were less than one 
standard deviation of the control means for at least 5 out of 8 exposures for GSE-SLT 
geomembrane in both directions and the GSE-Gundle geomembrane in the roll 
direction. Randomness in data or inconsistent trends were observed in means of the 
percent changes in initial tearing resistance for NSC and Polyflex geomembranes in 
both directions. The means of percent changes for Serrot geomembrane exhibited 
consistent trends between exposure time and temperature in both directions; however, 
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these trends were not supported by trends exhibited by other properties. Therefore, no 
detrimental effects are expected to the tested property due to exposure to the leachate. 
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2.11 Hardness 

Rationale for Test 

Hardness is a measure of the resistance of a material to indentation by a small 
diameter probe, called an indentor. When the surface of a sample softens, such as 
when the sample absorbs chemicals or undergoes a chemical reaction, it will have a 
lower hardness value. In the absence of oxygen, ultraviolet radiation and ionizing 
radiation (i.e., radioactivity) can cause polyethylene molecules on the surface of the 
geomembrane crosslink, which increases hardness. 

Results and Discussion 

The following observations were made regarding the percent changes in hardness 
of the five geomembranes. 

GSE-SLT Geomembrane. The means of percent property changes showed 
variations of less than 3% for all exposure periods. The line of zero percent 
property change was within one standard deviation for all the.exposure periods 
except the 30-day exposure at 50°C. The results exhibited randomness, and no 
consistent trends were observed for the percent change in property with exposure 
time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations 
of less than 3% for all exposure periods. The line of zero percent property change 
was within one standard deviation for all the exposure periods except the 30-day 
exposure at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the percent change in property with exposure time or 
temperature. 

GSE-Gundle Geomembrane. The means of percent property changes showed 
variations of less than 3% for all exposure periods. The line of zero percent 
property change was within one standard deviation for all the exposure periods 
except the 30-day and the 60-day exposures at 23°C. In general, the hardness of 
the geomembrane increased after exposure. The percent changes remained 
relatively constant with exposure time for exposures at 23OC, and increased linearly 
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for exposures at 50°C; however, no consistent trends were observed between 
temperatures. 

PolyFlex Geomembrane. The means of percent property changes showed 
variations of less than 5 % for all exposure ,periods. The line of zero percent 
property change was within one standard deviation for all the exposure periods 
except the 30-day and the 60-day exposures at 50°C. The results exhibited 
randomness, and no consistent trends were observed for the percent change in 
property with exposure time or temperature. 

Serrot Geomembrane. The means of percent property changes showed variations 
of less than 4 % for all exposure periods. The line of zero percent property change 
was within one standard deviation for all the exposure periods except the 30-day 
and the 60-day exposures at 50°C. The results exhibited randomness, and no 
consistent trends were observed for the percent change in property with exposure 
time or temperature. 

Conclusion 

I The test leachate caused mean percent property changes of less than 4% for all the 
geomembranes. The line of zero percent property change was within one standard 
deviation for at least 5 out of 8 exposures for all the geomembranes. Therefore, no 
detrimental effects are expected to the tested property due to exposure to the leachate. 
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2.12 Puncture Resistance 

Rationale for Test 

Puncture resistance is a measure of the resistance of a material to being punctured 
by a small diameter probe. As with hardness, initial tear, modulus of elasticity, and 
stress at yield, puncture resistance is reduced when the material absorbs volatile 
constituents. 

. 

Results and Discussion 

The following observations were made regarding the percent changes in puncture 
resistance of the five geomembranes. 

GSE-SLT Geomembrane. The percent changes in puncture resistance due to 
exposure were not within one standard deviation of the control means for any of 
the exposures except'the 30-day, the 60-day and the 90-day exposures at 23°C. In 
general, the exposures at 23°C resulted in less percent change as compared to the 
exposures at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the change in property with exposure time or temperature. 

NSC Geo'membrane. The percent changes in puncture resistance due to exposure 
were not within one standard deviation of the control means for any of the 
exposures. The percent change in property decreased with exposure time for 
exposures at both temperatures; however, this trend was not consistent between 
temperatures. 

GSE-Gundle Geomembrane. The percent changes in puncture resistance due to 
exposure were within one standard deviation of the control means for all of the 
exposures except the 30-day and the 120-day exposures at 23°C. The percent 
change in property remained relatively constant with exposure time and 
temperature. 

PolvFlex Geomembrane. The percent changes in puncture resistance due to 
exposure were within one standard deviation of the control means for all of the 
exposures except the 120-day exposure at 23"C, and the 60-day exposure at 50°C. 
The percent change in property decreased with exposure time for exposures at 
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23°C; however, this was contradicted by an increasing trend with exposure time 
for exposures at 50°C. 

Serrot Geomembrane. The percent changes in puncture resistance due to exposure 
were not within one standard deviation of the control means for any of the 
exposures except the 120-day exposures at 23°C and 50°C. The percent change 
in property decreased with exposure time for exposures at both temperatures; 
however, this trend was not consistent between temperatures. 

Conclusion 

The means of the percent changes in puncture resistance were less than one 
standard deviation of the control means for at least 5 out of 8 exposures for the 
GSE-Gundle and Polyflex geomembranes. Randomness in data or inconsistent trends 
were observed in means of the percent changes in puncture resistance for GSE-SLT, 
NSC and Serrot geomembranes. Therefore, no detrimental effects are expected to the 
tested property due to exposure to the leachate. 

GE3900-07.4F9630 165.APB B-35 97.6.4 



CLIENT: FERMCO 
METHOD: FTMS lOlC (METHOD 2065) 

DATE TESTED: 6'1446 

Y 
Exposed 
Group 
@50eC 

1499 
1503 
1473 
1385 
1429 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

CHARACTERISllCS: 80 md HDPE Geomembrane 
IMMERSION MEDIUM: Penhed Ground Water 

6 M 8 y  S w a y  
Exposed Exposed Control Exposed Exposed 

Group Group Group Group Group 
a23.C @W'C a23-C @50% 

1383 1418 1310 1280 1330 
141 7 1367 1348 1310 1282 
1399 1395 1308 1297 1385 
1371 1448 1283 1312 1393 
1395 1450 1280 1273 1318 

I 

Control 
Group 

1195 
1274 
1251 
1248 
1313 

125 8 
4 3  
3 4  

Exposed Exposed 
Group Group 
@23'C @ W C  

1288 1359 
1260 1334 
1364 1341 
1334 1361 
1381 1369 

1325 1353 
8 9  8 6  
5 4 6  7 87 
NO No 

I 1369 I 1426 

138 4 
139 5 
127 4 
139 0 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: NIA 

136 0 
143 3 
143 6 
130 8 

~ 

MBBn of Control Group= I 136 2 I 
Sld Dewallon of Mean of Conlrol Group (+/+ 
Sld Denallon of Mean of Contml Groua as K = I 37 I 

5 0  

Change in Exposed Mean horn Condo1 Mean= 

Is change less then one Std Denation of Conlrol Group? 

3 0  
2 22 

Yes 

Percent change in Exposed Mean hum Control Mean. 

15 

i o  

n 
e 5  'n 

g o  

'2 -5 

2 -10 

E 
0, 

c .- 
C 
rn r 

C 
P) 
t! 

-15 
0 

I I I I I 

I I I 130.5 I ! 

700 2 25 3 88 084 2 77 
Yes Yes 

-0- Sld. Deviation of Control Group (-) 
. . . . . . . . . . . . . . . . . . . . . . . . .  - ......... + PBrCBnt Change in Exposed MBBn (23 degree C) 

. . .  

. . . . . . . . . . . .  

30 60 90 
Exposure Period (days) 

120 150 



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO GEOS W E C  JOB NO.: GE3900 
MATERIAL TYPE: NSC METHOD: FTMS lOlC (METHOD 2065) 

DATE TESTED: 6/74/96 CHARACTERISTICS: BO mil HOPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: N/A 

15 

10 

9 
0) a 
a 
C 

e 5  

g o  
.- 
C 
(D r 
0 
c 
0) 

c -5 

2 0" -10 

-15 

..... -. ....... 

- . . . . . . . . .  

. .  

-.-Std. Deviation of Conbol Group (.) 

+ Percant Change in Exposed Mean (23 degree C) 

+ PBrCanl Change in Exposed Mean (50 degree C) 

0 30 Exposure 60 Period (days) 90 120 150 



- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

15 

10 * 
0 n 
2 5  a 
C .- 
g o  

u, -5 

p" -10 

C 
aE c 

C 
0 
E 

-15 
0 

CHEMICAL COMPATIBILITY TEST RESULTS 

CUENT: FERMCO 
METHOD: FTMS 101C (METNOD 2065) 

DATE TESTED: 6'1-6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISTICS: 80 mil HOPE Geomernbrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: NIA 

Control Group 

for 
30 and 60-day 

Exposures 

132 8 
139 2 
129 7 
I36 5 
137 4 

135 1 

3 8  
2 8  

3O-day 60- 
Exposed Exposed Exposed 
Group Group Group 
@ 2 3 T  @ W C  e23-C 

1433 1366 1334 
1399 1405 1293 
1434 1374 141 8 

1425 1364 1306 
1408 1407 1324 

5.08 2.37 -1.20 

No I Yes I Yes 

ay I ' go-day, _I I 
Exposed I Control I Exposed I Exposed I Control 

Group Group Group 
@23'C @50'C 

131.8 130.0 . 135.5 134.0 195.5 
132.7 127.3 129.5 131.1 , 136.6 
134.2 132.2 126.8 131.0 130.1 
134.6 132.7 128.5 128.1 135.3 
133.8 129.3 129.0 129.5 137.9 

I - -' 

. . . . ... . - ... 

_. 1 .. ... 

-2.25 1.05 
No Y es 

-a- Std. Deviation d Conmi Group (-) 
+ Percant Change In Exposed Mean (23 degree C) 

--)t Percent Change In Er$osad Mean (50 degree C) 

30 60 90 
Exposure Period (days) 

120 150 



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS ,- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

Mean of Control Group= 

CLIENT: FERMCO 
METHOD: FTMS 101C (METHOD 2065) 

DATE TESTED: W14t36 

Control Group 

for 
30 and 60-day 

Exposures 

142 4 
142 0 

140 0 
137 5 
132 0 

1388 

GEOSYNEC Joe NO.: GEJOOO 
MATERIAL W E :  POLYFLEX 

CHARACERISllCS: 80 mil HOPE Geomembrane 

Std Devlallon of Mean of Conuol Group as % = 
Mean of E w s e d  Group= 
Change in Exposed Mean horn Control Mean= 
Percent change in Exposed Mean from Control Mean= 
Is chanae lass than one Sld Dewabon of Control Grouo7 

IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: NIA 

3 1  

.. . . .. . .. 

-. . . . . . . 

kid. Deviation of Mean of Control Gmuo 1*/-1= I 4.3 

.. . . . . . . . .. . .. ... . . ~  

15 

10 

i? 
Q) n 
e 5  n 
c .- 
g o  

0, -5 

g -10 

E 
0 c 

C 
Q) 

2 

-15 

140 2 

1.71 -1.47 

Yes 

I 
138.8 133.0 * 0 23 -1 69 -7 64 3 21 

Yes Yes No 

0 30 60 90 
Exposure Period (days) 

120 150 

-Sld Deviaeon of Contrci Group (-) 

+Percent Change in Exposed Mean (23 degree C) 

. .  



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS /-, GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: FTMS lOIC (METHOD 2065) 

DATE TESTED: 6/14/96 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: BO mil HDPE Geomembrane 
IhIMERSlON MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: NIA 

1s change less man one Std Denation of Control Group? 1 

15 

10 e 
0)  n 
e 5  n 

-0- Std. Deviation of Conlml Group (-) 

+Perc%nt Change in Exposed Mean (23 degree C) 

--+t Penent Change in Exposed Mean (50 degree C) 

-15 
0 60 90 120 150 

Exposure Period (days) 



- 
- .  
II 

CHEMICAL COMPATIBILITY TEST RESULTS ,-. GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

Control Group 

for 
30 and 60-day 

Exposures 

CUENT: FERMCO GEOSYNTEC JOB NO.: GE3900 
METHOD: ASTM 03786 MATERIAL TYPE: GSE-SLT 

DATE TESTED: &/14,96 CHARACTERISTICS: 80 mil HDPE Geomembrans 
IMMERSION MEDIUM: Fetched Ground Water 

3O-day 6O-day 
Exposed Exposed Exposed Exposed 

Group Group Group Group 
@23T Q 50% @23T Q 50"c 

15 

10 
0 
P) n 
e 5  

8 0  

P 
C .- 
C 
m 
C 
0 
C 
0)  

* -5 

2 E -10 

-15 

Control 
Group 

7w)O 
6900 
6800 
6700 
6900 

686 0 
11 4 
1 7  

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 

Exposed Exposed 
Group Group 
023°C Q5o"C 

6100 6600 
6150 6600 
6200 6450 
6000 6500 
5900 6400 

DIRECTION: NIA 

660 0 
640 0 
630 0 
640 0 
630 0 

6600 6700 6400 6600 
6800 6500 6500 6600 
7000 6700 6400 6700 
6600 6700 6400 6700 
7000 6700 6500 6600 

... I 
I 607.0 I 651.0 
I -790 I -35 a 

-11.52 -5.10 q G J T  

I I I 
0 30 60 90 120 1 50 

Exposure Period (days) 

12Way 
Control Exposed Exposed 
Group Group Group 

620.0 

642.0 

I No I No 

-m- Sld. Deviation of Control Group (-) 

--b Percent Change in Exposed Mean (23 degree C) 

+Percent Change in Exposed Mean (50 degree C) 



- 
- .  
1 - GEOSYNTEC CONSULTANTS P 

L IEMICAL COMPATIBILITY TEST RESULTS 
Materials lesting Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: W14196 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: NSC 

CHARACTERlSllCS: 60 mil HDPE Geornernbine 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

I 6500 I 7000 I 6900 I 6700 I 6900 I 6700 I 6600 I 6900 I 6800 I 6450 I 6500 

15 

10 

E al n 
e 5  n 

g o  

'2 -5 

C .- 
C m c 

E 
0 
2 

-10 

-15 

- 
e Sld. Deviation of Conlrol Group (-) 

--b Percent Change in Exposed Mean (23 degree C) - . . . . . . . . . . . . . . . . . .  - ................ - 

.... - ............. .... - . . . . .  

. . . . . . . . . . . . .  ..... -. . . .  - . ._ . . .  ._ . . . . . . .  - ...... _. . . . . .  .- .- . 

30 60 90 120 150 
Exposure Period (days) 

0 



- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

Control Group 

for 
30 and 60-day 

Exposures 

600 0 
690 0 
640 0 
680 0 
660 0 

654 0 

CLIENT: FERMCO 
METHOD: ASTM 0.3786 

DATE TESTED: #1'14/96 

3O-day 
Exposed Exposed 

Group Group 
@ 23°C @ 5o'c 

7000 7200 
7000 7100 
7100 7200 
7100 7300 
7000 7100 

CHEMICAL COMPATIBILITY TEST RESULTS 

Control 
Group 

7150 
7000 
7100 
6900 
7000 

703 0 
8 7  
1 4  

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSEGundIe 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

Exposed Exposed 
Group Group 
@23% @5O'C 

6800 6550 
6750 6900 
6650 6900 
6800 6650 

6700 6700 

6740 6740 
-290 -290 
-413 -413 

No No 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

Control 
Group 

7400 
6600 
6950 
6500 
6800 

Exposed Exposed 
Group Group 
@ 2 3 T  @ S a c  

6650 6600 
8500 6600 
6350 6700 
6300 6800 
6350 8900 

lSId Denabon of Mean of Conlrol Grouo f+/.l= I 35 8 1- 

Mean of Exposed Group= 
Change in Erposed Mean horn Control Mean= 
Percent change in Exposed Mean horn Control Mean= 

k t d  Deviation of Mean 01 Control Grouo as % = I 5 5  I I 
7040 7180 
50 0 640 
7 65 9 79 

I 
~~ 

Is change less than one Sld Denatlon of Control Group? I No 1 NO 

15 

10 

0 
e 5  n 
C .- 

Exposed Exposed 
Group Group 

y 
vas . 

I I I 

. . . . .. . I 

-C Sld. Deviation of Control Group (-) 
+Percan1 Change in Exposed Mean (23 degree C) 

0 30 60 90 
Exposure Period (days) 

120 



- -- - 
/- GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

. \. 

CLIENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: 6/14,96 

Y S I d .  Deviation of Contml Group (-) 
................ .... ......... --b Percenl Change in Exposed Mean (23 degree C) 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 

CHARACTERISTICS: 80 mil HDPE Geomembmne 
IMMERSION MEDIUM: Penhed Gmund Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: NIA 

15 

10 

0 
0 n 
e 5  n 

g o  
c .- 
c 
m r 

c 
0 

0 
c -5 

2 2 -10 

-15 

. . . .  

. 

........ 

30 60 90 120 150 0 
Exposure Period (days) 

J 



- -- - 
CHEMICAL COMPATIBILITY TEST RESULTS 

- GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

. . . . . . . .  

CUENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: #14/96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: EO mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

Control Group 

30 and 60-day 
Exposures 

630.0 
610.0 
610.0 

15 
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P 
C .- 
C 
cp c 
0 
C at 
Y -5 

2 n" -10 

-15 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: NIA 

Control Exposed Exposed 
Group Group Group 

6M.O. 

670.0 

- Sld. Deviation of Control Group (-) 
-. . . . .  .................... ....... 

I 
. .  

. . . . .  .... 

. . . . . . . . . . . . . . . . . . . . .  

. . .  I 
1 - -  
I 
I 

I 

i 
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~ 

1 .  .. 

0 30 ExEsure Period (&s) 120 150 
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2.13 Mullen Burst Strength (Hydrostatic Resistance) 

Rationale for Test 

Mullen burst strength is a measure of the resistance of a material to being burst 
by a hemispherical rubber diaphragm. As with initial tear, modulus of elasticity, stress 
at yield, and puncture resistance, Mullen burst strength is reduced when a material 
absorbs volatile constituents. 

Results and Discussion 

The following observations were made regarding the percent changes in Mullen 
burst strength of the five geomembranes. 

GSE-SLT Geomembrane. The percent changes in Mullen burst strength due to 
exposure were not within one standard deviation of the control means for any of 
the exposures except the 60-day exposure at 23°C. The percent change in property 
decreased with exposure time for exposures at both temperatures; however, this 
trend was contradicted between temperatures. 

NSC Geomembrane. The percent changes in Mullen burst strength due to 
exposure were not within one standard deviation of the control means for any of 
the exposures except the 60-day exposure at 23"C, and the 90-day exposure at 
50°C. The percent change in property decreased with exposure time for exposures 
at both temperatures; however, this trend was contradicted between temperatures. 

GSE-Gundle Geomembrane. The percent changes in Mullen burst strength due to 
exposure were not within one standard deviation of the control means for any of 
the exposures except the 60-day exposure at 23"C, and the 60-day and the 120-day 
exposures at 50°C. The percent change in property decreased with exposure time 
for exposures at both temperatures; however, this trend was not consistent between 
temperatures. 

PolvFlex Geomembrane. The percent changes in Mullen burst strength due to 
exposure were within one standard deviation of the control means for all of the 
exposures except the 30-day and the 120-day exposures at 23"C, and the 60-day 

. GE3900-07.4/F9630165.APB B-36 ' 97.6.4 
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exposure at 50°C. The results exhibited randomness, and no consistent trends 
were observed for the change in property with exposure time or temperature. 

Serrot Geomembrane. The percent changes in Mullen burst strength due to 
exposure were within one standard deviation of the control means for all of the 
exposures except the 90-day and the 120-day exposures at 23°C and 50°C. The 
percent change in property decreased with exposure time for exposures at both 
temperatures; however, this trend was not consistent between temperatures. 

Conclusion 

The means of the percent changes in Mullen burst strength were less than one 
standard deviation of the control means for at least 5 out of 8 exposures for the 
Polyflex geomembrane. Trends were observed with exposure time for GSE-SLT, NSC, 
GSE-Gundle and Serrot geomembranes; however, these trends were not consistent with 
the trends that were exhibited with temperature. Therefore, no detrimental effects are 
expected to the tested property due to exposure to the leachate. 

B-37 97.6.4 
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APPENDIX C 

RESIN AND ROLL CERTIFICATIONS 



- 0  m 
CERTIFICATION SHEET 
'ROJECT NO: B DATE: 1/9/96 

'RIP NO: CERTIFIED BY: 

POLY-FLEX, INC. 
2OOO W. Marshall Drive 

Grand Prairie, Texas 75051 

~~~~ 

TEST DESCRIPTION 
ASTM METHOD 
(modifications) 

FREQUENCY 
UNITS 

IDPE ' Sf€C/flCATlON 

ROLL NUMBER I BLEND 
I 

49-8-95- 7 -3 I 164509 

a I '  

atj o c  
v ) o  u e  

01693 
2000 hrs 

PASS 
2,000 

'Pass 



OCT-17-1995 14:34 PHILLIPS tlA LRB 713 475 3532 8 2 7  
P. a a i m i  

PHILLIPS CHEMICAL COMPANY 
A OlVlSlON OF PHILLIPS PETROLEUM COMPANY 

BOX 792 PHONE: 713 675-3bCS 
PASAOENA. TEXAS 77501-0797 

PHILLIPS PLASTICS RESINS 
Wcuxron thclmicnl Cwnpkx 

Poly America, Inc. 
2000 West Marshall Drive 
Grand Prairie, TX 75051 

ATTN: Dee Averitte 

October 17, 1995 

JHV# 15394-95 

FAX: 214-647-0829  

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our  
m a n u f a c t u r i n g  specification. 

Type : 
L o t  Number: 
P.O.  Number: 
Date Shipped: 
Package : 
Quant i ty  : 
H L M I  (Flow Rate): 
Melt Index: 
Density: 

J. H. Vaden 
Quality Assurance Manager 

J W : P S N : s r  

Reg. W.S. Pat. Off. 

cc :. QA-File-RC 

Mr. Jim Nobert 
Poly America, Inc. . 
2000 West Marschall Drive 
Grand Prair ie ,  TX 75051 

HHM TR-4000 
7151197 
5247  
10/16/95 
PSPX 2252 
177700 LBS. 
11.4 G/10 MIN 
. 0 9 0  G/10 MIN 
-937 G/CC 
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UNION ClARBUlE CORPORA TION 
RO. Bau 186, Port b a c n ,  TX 77979 

Fax: 1214-647-0829 

poly &orlea Inc. 
2000 west MarrshalL 
Grand Pralr le .  TX 75OS1.2795 
Attn: A. Sortrand . 

PRODUCT QUALITY REPmT 

01/23/95 

Product Nmo: DHOB-1525 Nf 

Curtmer Order No.: 2549-4 
Intomat Ordor No.: 178155 

The follovtng test data was obtalnd : 
Uond : 164509 

Sample Id : PE24UW 
Date o f  Manufactum : 01/17/95 

Shippod To: Poly Amor tu  Inc. 
2m Y. Iurrhall 
G r a n d  Pralr le ,  TX 75051-2792 

Uoyne b g g s  
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Roll Test Data Report 

ROLL NO. AF-9750 
GSE 

~ ~~~ 

RESIN LOT INFORMATION 

LOT NUMBER U-45921 
RESIN TYPE 600 SERIES 

ROLL DIMENSIONS = f 1 % 

ROLL NUMBER: AF-9750 
PROD DATE: 01/08/96 
SHEET AREA: 117 sq.ft. 

LENGTH : 5 feet 
2 meters 

WIDTH : 23.33 feet 
7.1 meters 

WEIGHT : 62 pounds 

11 sq. meters 

28 kilograms 

METHOD RESULT PROPERTY UNITS 
DENSITY g/cc D1505 0.935 - 
MOISTURE % D570 e 0.09 

MELT INDEX g/10 min. D1238 0.540 
BRITTLENESS OC D746 C-70 

ASTM GSE MINIMlJMS ACTUAL TEST VALUES 
PROPERTY METHOD ENGLISH METRIC ENGLISH METRIC 

TENSILE YIELD STRENGTH 
CD - 
.MD - 
CD - 
M D -  

YIELD EUINGATION 

TENSILE BREAK STRENGTH 

D638 
IbAn 31 kglcm 185 lblin 

31 184 
173 
173 

33 kglcm 
33 

D638 
13 
13 

20 % 
21 

% 

D638 
324 
324 

Ibhn 59 Ltglcm. 412 lblin 
59 412 

74 kg/cm 
74 

0638 
CD - 
M D -  

CD - 
M D -  

PUNCTURE STRENGTH 
SHRINKAGE 

CD - 
M D -  

INITIAL TEARING STRENGTH 

CARBON BLACK DISPERSION 
CARBON BLACK CONTENT 
GEOMEMBRANE DENSITY 
ESCR 
THICKNESS 

NOMINAL 
MINIMUM 
AVG. THICKNESS 

560 
560 

% 724 % 
727 

D1004 
60 
60 
98 

27 Lrg 76 Ib 

44 kg 125 lb 
27 66 

F l M S  101C12065 
D1204 

(1 HR @ 100C) +I-2-00 
+I- 2 . 0 0  

A2 
2.00 

0.5 46 
0.2 
A2 

2.27 x 
940 plcc 0 

Start 1/12/96 

D3015 
D1603 
D792 
D1693-B 
Dl593 /D751 

I 

hours 

mil 

0 .  944 glcc 

1500 

80 
72 

2.03 mm 80 mil 
1.83 7 2  

80 

2.03 mm 
1.82 
2.03 

TEST NOTES MD=MACHINE DIRECTION CD=CROSS DIRECTION ESCR START DATE Is GIVEN 
-FOR TENSILE ELONGATION TEST GAUGE LENGTH=1.3 ON YIELD, 2.5 ON BREAK 
ALL STRENGTH VALUES BASED ON NOMINAL THICKNESS 

CUSTOMER: DATE SHIPPED 
JOB NO. 
COMMENTS 

lm61118 
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- STAR.. . h Safety Through Accountabilfty and Recognmon -I , 

Mobil Polyethylene 

Januaryd, 1996 Bill Waling 
GSE 
19103 Gundle Road 
HOUS~OXI, Tx 77073-3SlS 

Thank you for your business. If you need additional &stance, please do not hesitate to 
contact OUT Saln Rcprtscntative in your area- 

Simsaely, 

t~\Li.--.- 
C. A. W h e y  
Quality As..- Specialist 
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RAILCAR : PSPX2445 
MATERIAL : HOPE 080 MIL 
BATCH 1 : 122395 
ROLL # : 04026120 

M i n i l a m  Thickness (mils) 

Carbon Black ( X )  

. Carbon Black Dispersion 

Density (g/cc) 

e, 
T e m i  l e  Properties: 
T.S. 0 Yield (ppi) 
T.S. 0 Break <ppi) 
E l m .  0 Yield (%) 
 tong. a Break (%) 

Pvrcture Resistance (lb.) 

Tear Resistance (Lb.) 

Dimensional S tab i l i t y  ( X )  

ESCR (hrs) 

TESTING 
FREQUENCY -------------- 

EVERY ROLL 

STH ROLL 

5TH ROLL 

5TH ROLL 

EVERY ROLL 
EVERY ROLL 
EVERY ROLL 
EVERY ROLL 

EVERY ROLL 

EVERY ROLL 

EVERY ROLL 

EVERY ROLL 

W F .  DATE : 12/23/1995 
PROJECT NAME : SAMPLES 
MR W W R  : W - 0 1  PROJECT # : SAMPLE 
LOCATIOY : musTQl TX 01 

R . 0  min  

2.0 t o  3.0 

A- 1 /A- UB- 1 

0.940 ain 

173 
320 
13 
560 

105 

60 

-2.00 t o  2.00 

1500 lain 

76.0 

2.6 

A-2 

0.943 

213 
390 
17 
708 

140 

69 

Pending 

Pending 

D El NSF Mod. 

D 1603 

D 3015 

D 1505 (Weth.A) 

D 638 Type 1V 

2 ipo 

FTHS 101, tkth. 2065 

D 1004, Die C 

0 1204 (1 hr, 100C) 

D 1693 NSC WD. 



DEC-11-199s 69:s PHILLIPS QA Lm ?13 475 
8 2 7  
P. -10 

PHILLIPS CHEMICAL COMPANY 
A DIVISION O F  P H I U P S  P-OLEUM COMPANY 
eOx 792 fl40NE: 713 475-3666 
P W A .  To(As 775010792 December 11, 1595 
PHLLIFSPLASTICS RESINS 
W o u s k ~ ~ t  chsmiur Comg(ex JHVf: 18498-95 

FAX: 713-443-4627 

. G u n d l e  Lining Systems Inc. 
1340 East Richey Road 
Houston, TX 77073 

ATTN: Rick Schaefer. 

This letter will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms t o  our 
manufacturing specification. 

Type : WHM TR-400G 
Lot Number: 7151468 
P.O. Number: SO46063 
Date Shipped: 12/08/95 
Package : PSPX 2445 
Quantity : 177250 LBS. 
Melt Index, ASTM D1238 : .lo0 G/10 MIN 
HLMI Flow Rate,ASTM D1238 11.4 G / l O  MIN 
Density, AsTM 1505: ,937 G/CC 
ESCR, F/50, C‘ond. B: 1500 HOURS ** 
HLMI/MI Ratio: 114. GM/lO MIN 
Production Date: 11/30/95 

J. H .  Vaden 
Quality Assurance Manager 

JHV:PSN:sr 

Reg. u.S. Pat. Off. 
*+ Nominal Value (not tested on each lot) 
cc: QA-File-RC 

. 

4 
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I 

S € R M  
C O R C O R A T l O M  
QEOM~MEWNE! LINING sV.9EMS 

- CERTIFICATE OF QUALITY ASSURANCE 

ROLW: 
MATERIAL: 
LO77BLEND: 
MANUFAC. DATE: 

Average Thickness: 

Tensile Strength at Yield: 

Tensile Strength at Break: 

Elongation at Yldd: 

Elongation at Break: 

Tear Resistance: 

Puncture Resistance: 

u a * ~ - ~ ~ * l ( l r )  mculoezIcD 

Puncture Resistance: 

Carbon Black Content 

Carbon Dispersion: 

Densrty (min): 

Melt Flow Index: 
Dimensional Stability: 

Low Temp. Bntlleness: 

Environ. Stress Crack. 

CERTIFIED BY; 

1505831 PROJECT NAME: Geosyntec Test 
HDPE SMOOTH 80 MIL LOCATION: k ; e a  !?Ei:sr: F!b 
C5 1 0 14L 17A SALES ORDER #: 6202 
12/8/95 I 

E S T  $EST 
FREQVENCY SPECIFICATIIONSRESOLTS aiElHoD 
Every Roll 76 mil8 81.5 pcsTM 0751 

25,000 SqFt 168 ppi 199.6 I 

25.000 SqFt 304 ppi 348.3 22 ::: 
I 

25,000 SqFt 12% 18.2 PbTM D638 

25.000 SqFt 560% 703.3 @TM D638 
I 

50.000 SqFt 

50,000 SqFt 
50.000 SqFt 

700.000 SqFt 

100,000 SqFt 
100.000 SqFt 

Resin Bawl 

Resin Batch 
Certified 
Certified 

- 
ERIC MAKI DATE: 6/19/96 

52 Ibs 
72 I h  

96 Ibs 

2.0- 3.0% 
AI, A2 or %I 

0.940 gtan' 

< 0.4 9/10 min. 

+I- 2.0% 

600 C 
1,500 hours 

63.2 
121.2 

163.8 

2.65 

A I  
0.949 

0.235 

0.12 

-800 C 

' 1,500 

pjim 01004 
I 

F h l S  lOl,(tO65) 

RMS 101 .(2065) 

ASTM D1603 
AbTM D3015 

- I  

AETM 01204 

ASTM D746 
ASTM 0638 

I 

OUALIM CONTROL LABORATORY SUPERVISOR 
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S u r r o t  Carpotat ion 
J m c e  Long 
83B3 c.ssl. Way 
Handcrcon, W 89015 
102-5664 745 

I 
I 

I 
Listed below are the data on C36-24-150 LhipnCnts: 

S O l V 8 y  drd6r Nur*le+;  
curtamex PO: 
Data S h f p p e l :  
Shipped To: 
L o t  W u m b r r :  
Hopper Car Number: 
W i g h t ,  LbC : 

OC48f.9 
21220 . 
Jl/OS/9S 
XENDORSON, rJV 
CS3014L17~ 
ACFX 98069 
67,050 

METHOD IL5.Z 

I 

Compartments A end CA 

bun J .  Valont i  2 2 1  
Regulatory Coordinator 
Phone: (713) 307-3774 

D 1138-90a 
D 4883-89 

I 

, 

i I 
.. 
I 

I 
! 

I 
I 
I 
I 

j 



Project Nunber: SmPlE 

We hereby cert i fy  that the polyethylene geomxbrane for the above lderrtifled JltpRent rneets or exceeds NatlonaL 
Seal Conpanyls speclffcetions, belou. Testing uas performed at the frequency indicated. 

The rew polymeric loeterisl I s  first guallty polyethylene resin containing no amre than twa percent clean re- 
worked plestic by Might. 
In  accordance uith ASTM 0 638. NSF modifled: luf? v y  1" +-e!! y;:!zzrc, i &a;tl ~ m i r  u i  cy0 Incnee per 
per minute, a d  grip movement for strain determlnetions. Carbon black dieperrlon slidea uere prepared eccording 
t6  ASTM 0 3015, NSF modr'fied, and rated according t o  the ASTM D 2M.3 dispereton e l rer i f ier t ion chart under loox 
magniftcetion. Where appropriate, carbon black content YSS detemimd eccording to ASTM D 1603. Dimensional 
s t a b i l i t y  was determined according to ASW D 120.4 at  I O O ~ C  for one hour. 

fhlckncss Yes measured according to ASfM D 5199. Tenaltc properties Mere determined 

A dntBbe5e listlng of a l l  test values fallow- 

Thickness 

Stress a t  Y .>ld 

Stress &t Break 

Strein nt Y l e M  

Strain et Break 

Car- Black Dispersion 

c s r h  Black Content 

Limcnslme\ Stublllty 

NATIONAL S€AL COWPANV 

GEMEMBRAYE SPECIFlCATIONS 

80 mil Hlnimm 

2200 pi Hinlmm 

3800 psi M i n i m  

13% Ufninm 

700% Mininun 

A1 or A2 

' 2% t o  3% 

*/' 2% 

s t ,  teest every SO,OOO ft' 

et least every 50,000 f t2  

at Ltaat every 50,000 ft2 

at least every 50,000 f t  2 

a t  least every 50,000 f t  2 

et least every 50,000 f t  2 

at  teest every 50,000 f t  2 

et least once pcr shlfr 

/-- d 3 - 9 6  
Date 



J A N E - A L L E N .  . 309 343 5937 P .  0 4  

8 2 1  

NSC 
GEWWERAIIE STANDARD TESTINO 

Date: 01/23/96 Page: 1 

~ ~ A ~ ~ ~ J ~ - > A w v w L I  W.8 2410 2 f O O  4450 b U 0  17.7 16.8 832 902 A1 2.52 -0.8 0.4 

Jane A l l &  
Ouelity Control Manager 

000333 
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PMYETHVL€WE cERTIFZCATE OF ANALYSIS 

customer: CEOSYNTEC 
Rain Type; U.C.1527 

Project Nwber: SWPLE 

Ue hcreby cert i fy  thet the polclethyterte resln f0T the ebove identified s h i p m t ,  meet8 or ucewls the 
project cpec!ficetfons, beLou. Testing ues performed on each resin blend. 

Melt flow index uas determined eccordlng t o  ASTH D 1u8. Density was detemined accordiw t o  AsTM 0 1505. 

*ere epproprtetc, carbon black content w8 determined nrrerrjis :: A::g  OW^. ine wereet test results 
are iisted in the tabla belw. 

-. 

Melt F l o w  Index 

Density (wlth carbon black) 

Carbon Black Content 

BLEND 
NUMEEA 

9757 

MELT FLW 
1 NDEX 

0.16 

Jane 
Ouaktty Control Menager 

RESlW W C I  F l u 1  loWS 

0 .4  grem/10 minutes Hrutimm 

DEWSf TY 

0.936 

CARBON BLACK 
COWTENT 

Date: 





APPENDIX D 

FOURIER-TRANSFORM INFRARED 
SURFACE ANALYSIS RESULTS 

Part I: Rationale, Results and Discussions, and 
Conclusions 

Part -11: Fourier-Transform Infrared Spectra 
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Part I: Rationale, Results and Discussions, and 
Conclusions 
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APPENDIX D 

FOURIER-TRANSFORM INFRARED 
SURFACE ANALYSIS RESULTS 

Surface Analysis 

Rationale for Test 

Surface analysis by Fourier-transform infrared (FTIR) was conducted to assess 
whether radioactivity in the test leachate impacted the molecular structure of 
polyethylene molecules on the surface of the geomembranes. Studies on polyethylene 
films exposed to high energy radiation in the presence of oxygen (oxygen may be 
dissolved in the test leachate) indicate that as films are exposed to increasing doses of 
high energy radiation, carbonyl energy bands (bands of infrared (IR) energy in the 
range of 1,700 to 1,800 wave numbers in the FTIR spectrum) are formed (carbonyl 
bands are indicative of the chemical band of carbon and oxygen). The intensity, or 
height, of the bands decrease as a function of the depth in the material. (The reaction 
of oxygen and polyethylene is often referred to as oxidation.) Oxidation modifies the 
molecular structure of polyethylene, resulting in the reduction of mechanical properties 
of polyethylene materials [Soo et al., 19861. Therefore, FTIR can be used to quantify 
the extent of oxidation occurring in a material. 

Results and Discussion 

The surfaces of the control and exposed geomembrane samples were analyzed. 
Using a microtome, transparent sections were shaved from the surface of each sample. 
The sections were then subjected to IR energy in a FTIR spectrometer. The resulting 
IR spectrum for each sample is provided in Part I1 of this Appendix. Inspection of the 
spectra reveals that there is no difference between the spectra of the control and the 
exposed samples, i.e., there was no development of a carbonyl band (at approximately 
1,700 to 1,800 wave numbers) in either the controls or the exposed samples. The 
results indicate that 120 days of exposure to the test leachate has not resulted in 
measurable oxidation of the geomembrane surface. 

GE3900-07.4/F9630165 .APD D- 1 97.06.04 
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Conclusion , 

The results of the FTIR surface analyses indicate that the test leachate did not 
measurably oxidize the geomembrane surfaces. 

GE3900-07.4lF9630165 .APD D-2 97.06.04 
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Part 11: Fourier-Transform Infrared Spectra 

e 
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PART 11 

FTIR SPECTRA 

FTIR spectra are presented in Part I1 of this appendix. Sample identification 
numbers appear in the upper left comer of the spectra, and are described below: 

754 = GSE-SLT; 

755 = NSC; 

756 = GSE Gundle; 

757 = POLYFLEX; 

758 = SERROT; 

60 = 60-day exposure test; 

120 = 120-day exposure test; 

23 = Exposure at 23°C; 

50 = Exposure at 50°C; and 

Control = control. 

GE3900-07.4lF9630165 .APD D-3 97.06.04 
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APPENDIX E 

STRESS CRACKING RESISTANCE 

Environmental Stress Cracking Resistance 

Environmental stress cracking resistance of the five geomembranes was assessed 
by conducting notched constant tensile load (NCTL) tests in accordance with ASTM D 
5397. Results are provided below based on a 2,000-hour test duration. 

Rationale for Test 

In the NCTL test, geomembrane specimens are subjected to constant stress at pre- 
established percentages of the short-term yield stress of the geomembrane. The time 
required for the geomembrane specimen to rupture at a specific stress level is measured 
and recorded. Curves are developed by graphing percent of stress (ordinate) versus 
rupture time (abscissa). From these curves, the time to rupture at 6.2 MPa (900 psi), 
which is the industry accepted stress level for specifying environmental stress cracking 
resistance, and the ductile to brittle transition time, can be assessed. The longer the 
time to rupture at 6.2 MPa (900 psi), the greater the stress cracking resistance of a 
material. 

Results and Discussion 

The test results for the NCTL tests on the five geomembranes are summarized in 
Table E-1 and complete results are given in Table E-2. 

Inspection of Table E-1 reveals that the GSE-SLT and the NSC geomembranes 
have better stress crack resistance than the GSE-Gundle, Serrot, and Polyflex 
geomembranes because neither the time to rupture at 6.2 MPa (900 psi) nor the ductile 
to brittle transition times have been achieved. Furthermore, the GSE-SLT 
geomembrane appears to have somewhat greater stress cracking resistance than the NSC 
geomembrane because specimens that have higher stress levels have not yet ruptured, 

GE3900-07.4/F9630165 .APE E- 1 97.06.04 
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Geomembrane/Resin 

TABLE E-1 

SUMMARY OF NCTL TEST RESULTS 

Time to Rupture at 
6.2 MPa (900 psi) 

Estimated Ductile-to- 
Brittle Transition Time 

GSE-SLT/Mobil 
NSC/Union Carbide 
GSE-Gundle/Phillips 
Serrot/Solvay 
Polyflex/Phillips 

~ ~ ~ 

(1) (2) 
(3) (4) 

536 hr 450 hr 
535 hr 526 hr 
182 hr 50 hr 

GE3900-07.4lF9630165.APE .E-2 97.06.04 
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compared to the NSC geomembrane. Specimens having higher stresses tend to rupture 
in a ductile mode and rupture more quickly than specimens having lower stresses, 
which take longer to rupture and tend to rupture in a brittle mode. In addition, from 
Table E-1, the Polyflex geomembrane has values that are well below those of any of 
the other geomembranes, appearing inferior, in terms of stress cracking resistance, to 
the other four geomembranes. 

Conclusion 

Based on these test resu,,s, it recommendecl that the specified time-to-rupture for 
HDPE geomembranes, tested in accordance with ASTM D 5397 at 6.2 MPa (900 psi), 
be greater than 500 hours. This appears to be an achievable level of performance for 
four existing HDPE geomembranes, and is likely achievable by other manufacturers if 
necessary to meet a specification requirement. 

Q 
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