


r . ' 8  

Department of Energy 
Ohio Field Office 

Fernald Area Office 
P. 0. Box 538705 

Cincinnati, Ohio 45253-8705 
(51 3) 648-31 55 

MAY 7 1997 
DOE-0920-97 

Mr. James A. Saric, Remedial Project Director 
U.S. Environmental Protection Agency 
Region 5 - SRF-5J 
77 West Jackson Boulevard 
Chicago, Illinois 90904-3590 

Mr. Thomas Schneider, Project manager 
Ohio Environmental Protection Agency 
401 East Fifth Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

SUBMI~AL OF RESPONSE TO COMMENTS AND THE FINAL LEACHATEILINER 
COMPATIBILITY STUDY REPORT FOR THE ON-SITE DISPOSAL FACILITY 

This letter submits the Response to Comments (RTC) and the Final Leachate/Liner 
Compatibility Study Report (LLCSR) for your review. The RTC presents our response to  the 
draft LLCSR and action items to address the questions. The LLCSR 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 final cover systems for the On-Site Disposal Facility (OSDF) at the Fernald 
Environmental Management Project (FEMP). 

Please contact Rod Warner at (513) 684-3156 if there are any questions regarding this 
submittal. 

, .. Sincerely, 

FEMP:Warner 

Enclosures: As Stated 

hnny W. Reising 
Remedial Action 

Project Manager 



cc wlenc: 

N. Hallein, EM-42/CLOV 
R. Beaumler, TPSS/DERR, OEPA, Columbus 
F. Bell, ATSDR 
0. Jablonowskl, USEPA-V, 5HRE-8J 
R. Geiger, PRC 
R. Vandegrift, ODOH 
D. Ward, GeoTrans 

CARXooFdinatorl78ZI 
- 

cc w/o enc: 

J. Jalovec, DOE-FEMP 
S. Peterman, DOE-FEMP 
J. Relslng, DOE-FEMP 
R. Warner, DOE-FEMP 
D. Carr, FDFIS 
S. Garland, FDF/52-8 
M. Hickey, FDF/64 
U. Kumthekar, FDF/64 
T. Walsh, FDF/652 

-- . , rr 

Page 2 

! 



LEACHATE/LINER COMPATIBILITY STUDY 
FINAL REPORT 

ON-SITE DISPOSAL FACILITY 

Revision C 
April 1997 

United States Department of Energy 

s Fluor Daniel Fernald 
Fernald, Ohio 

Prepared by 

GeoSyntec Consultants 
1100 Lake Hearn Drive, NE, Suite 200 

Atlanta, Georgia 30342 

Under 

Fluor Daniel Fernald 
Subcontract 95PS005028 



ARAR 
ASL 
ASTM 
CERCLA 
COC 
DOE 
ESCR 
FDF 
FEMP 
FTIR 
FTMS 
GSL 
HDPE 
HW 
IR 
LCS 
LDS 
LLCFR 
LLCWP 
LTS 
MSW 
MTL 
NCTL 
NIST 
NST 
OAC 
OEPA 
OSDF 
o u 2  
OU5 
QA/Qc 
ROD 
SCQ 
TDS 
voc 

FEMP OSDF-LLCS-REV C 

ACRONYM LIST 

Applicable or Relevant and Appropriate Requirement 
Analytical Support Level 
American Society for Testing and Materials 
Comprehensive Environmental Response, Compensation, and Liability Act 
Constituent of Concern 
United States Department of Energy 
Environmental Stress Cracking Resistance 
Fluor Daniel Fernald 
Fernald Environmental Management Project 
Fourier Transform Infrared Spectrophotometer 
Federal Test Method Standards 
Gundle-SLT Environmental 
High Density Polyethylene 
Hazardous Waste 
Infrared Spectroscopy 
Leachate Collection System 
Leak Detection System 
Leachate/Liner Compatibility Final Report 
Leachate/Liner Compatibili~ Work Plan 
Leachate Transmission System 
Municipal Solid Waste 
Materials Testing Laboratory 
Notched Constant Tensile Load 
National Institute of Standards and Technology 
National Seal Company, Inc. 
Ohio Administrative Code 
Ohio Environmental Protection Agency 
On-Site Disposal Facility 
Operable Unit 2 
Operable Unit 5 
Quality Assurance/Quality Control 
Record of Decision 
Sitewide CERCLA Quality Assurance Project Plan 
Total Dissolved Solids' 
Volatile Organic Compound 

GE3900-07.4/F9630 165 .ACR a 
1 



FEMP OSDF-LLCFR-REV C 

TABLE OF CONTENTS 

List of Acronyms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 

1 . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 

1 . 1 .  PurposeofReport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-1 
1.2 Organization of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1-2 

2 . SUMMARY OF KEY POINTS FROM LLCWP . . . . . . . . . . . . . . . . .  2-1 

2.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-1 
2.2 Selection of HDPE Geomembranes . . . . . . . . . . . . . . . . . . . .  2-1 
2.3 Selection of Test Leachate . . . . . . . . .  I . . . . . . . . . . . . . . . .  2-2 
2.4 Review of Available Information . . . . . . . . . . . . . . . . . . . . . .  2-6 
2.5 Procedures for Testing. Evaluation. and Reporting . . . . . . . . . . .  2-8 
2.6 Requirements for Quality Control and Quality Assurance . . . . . . .  2-8 

2.6.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2-8 
2.6.2 Perched Ground Water Sampling and Analysis . . . . . . .  2-9 
2.6.3 Laboratory Compatibility Testing Program . . . . . . . . . .  2-9 

3 . SUMMARY OF TEST RESULTS . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 

3 .1  Geomembranes Tested . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
3.2 Testing Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-1 
3.3 Experimental Details . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2 

3.3.1 Exposure Conditions . . . . . . . . . . . . . . . . . . . . . . .  3-2 
3.3.2 Exposure Cells . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-2 
3.3.3 Temperature Control . . . . . . . . . . . . . . . . . . . . . . .  3-2 
3.3.4 Maintenance of Test Leachate . . . . . . . . . . . . . . . . . .  3-3 
3.3.5 HDPE COUPO~S . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 

.. 
11 97.04.23 



C' 

FEMP OSDF-LLCFR-REV C 

7 0 6  

TABLE OF CONTENTS (continued) 

3.3.6 Post-Exposure Preparation of Coupons . . . . . . . . . . . .  3-3 
3.3.7 Baseline Tests . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-3 

3.4 Test Methodologies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4 

3.4.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3-4 
3.4.2 Evaluation of Data . . . . . . . . . . . . . . . . . . . . . . . .  3-4 

APPENDIX A: CHEMICAL ANALYSES OF PERCHED GROUND WATER TEST 
LEACHATE 
Part I: Summary Tables 
Part 11: Data Validation Summary Reports 

APPENDIX B: GEOMEMBRANE/LEACHATE USEPA METHOD 9090 
COMPATIBILITY TEST RESULTS 

APPENDIX C: RESIN AND ROLL CERTIFICATIONS 

APPENDIX D: FOURIER-TRANSFORM INFRARED SURFACE ANALYSIS 
RESULTS 
Part I: Rationale, Results and Discussions, and Conclusions 
Part 11: Fourier-Transform Infrared Spectra 

APPENDIX E: STRESS CRACK RESISTANCE 
Part I: Rationale, Results and Discussions, and Conclusions 
Part 11: Stress-Time Curves 

... 
111 97.04.23 



FEMP OSDF-LLCFR-REV C 

TABLE OF CONTENTS (continued) 

LIST OF TABLES 

2-1 Summary Comparison of FEMP OU5 Perched Ground Water, and OSDF Test 
Leachate for Selected Chemical Constituents and Water Quality Parameters 

2-2 Summary Comparison for Predominant Radionuclides in FEMP Type I Wells, 
Model COC Concentrations, and OSDF Test Leachate 

3-1 Summary of USEPA Method 9090 Test Results 

LIST OF FIGURES 

3-1 Flow Diagram for Interpretation df USEPA Method 909 Test Results 

3-2 Illustration of Comparison with One Standard Deviation 

3-3 Illustration of Temporal Trends 

3-4 Illustration of Consistency Between Temporal and Thermal Trends 

iv 



c .. 



P 7 0 6  
e 

FEMP OSDF-LLCFR-REV C 

1. INTRODUCTION 

1.1 PurDose of ReDort 

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 final 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 (ARARs) 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 

GE3900-07.4/F9630 165 .CDC 1-1 97.04.23 
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deriving conclusions and recommendations from the results of the information 
review. 

Part I1 of the L L C W  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 specimens 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 Owanization of Report 

This 1eachateAiner 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 .CDC 1-2 97.04.23 
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HDPE geomembranes, and quality assurance/quality control requirements of 
the testing program is presented in Section 2; 

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 

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

97.04.23 1-3 
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2. SUMMARY OF KEY POINTS FROM LLCWP 

2.1 Overview 

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 
LLCW'P 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 .O-mm) thick HDPE geomembranes. Therefore, the leachatelliner compatibility 
testing program focused on HDPE geomembranes. Other geosynthetic materials were 
not considered in the leachatelliner compatibility testing program. 

GE3!NO-07.4/F9630 165. CDC 2- 1 97.04.23 
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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. 

a GE3900-07.4/F9630165 .CDC 2-2 97.04.23 
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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. 

i 

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

GE3900-07.4/F9630165 .CDC 2-3 97.04.23 
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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 
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 .CDC 2-4 
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Chemical Constituent 
and Water Quality Parameter'') 

PH 
Specific Conductance (jimho/cm) 
Total Dissolved Solids 
Total Organic Carbon 
Chloride 
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FEMP Perched Ground Water 1 

Range") OSDF Test Leachate 
6.9 - 7.7 7.2 

470 - 1.170 3720 

1.15 - 9 93 
1.4 - 50 69.1 

433 

TABLE 2-1 

Filtered Iron 0.05 - 4.9 
Manganese 0.0025 - 0.22 0.870 
Phenol 0.007 - 0.03 .0056 

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

CHEMICAL CONSTITUENTS AND WATER QUALITY PARAMETERS 

Notes: (1) mg/l, except pH and as indicated otherwise. 
(2) Norstrom et al. [1991], except as indicated otherwise. 
(3) Table 4-7 of DOE [ 1995~1. 
Empty box indicates no value was reported. 

ND = none detected. 
No value ifbelow given detection limit. 
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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. 

2-6 97.04.23 
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TABLE 2-2 

SUMMARY COMPARISON FOR PREDOMINANT RADIONUCLIDES 
IN FEMP TYPE I WELLS"', MODEL COC CONCENTRATIONS"', 

AND OSDF TEST LEACHATE 

Notes: (1) 
(2) 
(3) 
(4) Unit equivalents: pg/L = ppb; pCi = 0.037 disintegrations/second. 
(5) 
(6) 

After Table 5-3 of DOE [1995b] = OU5 FS. 
After Table H.l-1 of DOE [1995b]. 
Analyses were performed on unfiltered samples. 

Neptunium-237 was detected in only one sample. 
No constituent activity value reported. 

GE3900-07.4lF9630165 .CDC 2-7 97.04.23 
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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 leachate/liner laboratory testing 
program described in this report was performed to generate the needed 
additional data. 

2.5 Procedures for Testing, Evaluation, and ReDorting 

Parts I1 and I11 of the LLCWP presents detailed requirements for testing, 
evaluation, and reporting for the leachate/liner 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 Reauirements for Oualitv Control and Oualitv Assurance 

2.6.1 Overview 

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 L L C W  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 
GeoS yntec Materials Testing Laboratory (ME!.) Policies and Procedures Manual 
[GeoSyntec, 1996bl. A summary of the QA/QC programs for the two main elements 
is provided below. 

GE3900-07.4/F9630165 .CDC 2-8 97.04.23 
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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) B, 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 QNQC samples (Le., duplicate and blank samples); 
laboratory QA/QC samples (matrix spike/matrix 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 labotatory 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 leachatehner compatibility study was 
conducted in accordance with the GeoSyntec M E  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. 

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 leachate/liner 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 (2.0-mm) thick HDPE 
geomembrane provided samples that were tested in this leachate/liner 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 Partickants 

Personnel from both on-site and off-site facilities were involved in this 
leachateher 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. 
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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 geomembrane/temperature 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. 

I 3.3.3 Temperature Control 

a 

The cells were fitted with Polystat Model H-12002-00 analog circulators, each 
circulator having constant temperature control from approximately 5 "C (41 OF) 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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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 periodhemperature 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 Methodologies 

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 accbrding to the flow diagram shown in Figure 3-1. 
The attributes of the methodology adopted in Figure 3-1 are described below. 

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 (Le., 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 (Le., 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. 

3-4 97.04.23 



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 t h e m 1  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, i.e., an increase in yield strength was 
expected to be accompanied by a reduction in yield strain. 

The results of physical property tests (i.e., 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: 

i 
, 

Mass: 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/Specijic 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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3.4.4 

Ejrtractables Content: ASTM D 3421 (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"; 

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

Puncture Resistance: FTMS 101 C - "Puncture Resistance and Method 2065 
Elongation Tests"; and 

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

Additional Tests 

3.4.4.1 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, 'I [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. 'I 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. 

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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TABLE 3-1 
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 Design . 

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. 

e 
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4. CONCLUSIONS 

The principal findings of this leachatelliner 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. 
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TABLE A-1 

RADIONUCLIDE DATA SUMMARY TABLE 

FEMP OSDF-LLCFR-REV C 

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

4/23/97 
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Analyte 
Aluminum 
Antimony 
Arsenic 

TABLE A-2 

INORGANIC (METALS) DATA SUMMARY TABLE 
~ 

Units Result Qualifier MDL 
P d L  U 75 .O 

UJ 4.0 
ue/L 7.5 U 3.0 

e 30007.41 301 . L  

Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

15.6 1 .o 
1.4 U 1 .o 

555000 138 
17.6 6.0 

ue/L 56.1 9.0 

I Barium I UdL I - I I 9.0 1 

Copper 
Iron 
Lead 
Magnesium 
Manganese 

805 11 
U 40.5 
U 2.0 

131000 82 
ue/L 870 6.0 

ICyanide I I I I ~ 

Notes: 
Data from I- 10033 Perched Water Inorganic/Conventional 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. 

41231 7 
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TABLE A-3 

INORGANIC (WATER QUALITY) DATA SUMMARY TABLE 

Notes: 
Data from 1-10033 Perched Water Inorganic/Conventional 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. 
pg/L = micrograms per liter. 
mglL = milligrams per liter. 
pmhoslcm = micromhos per centimeter. 
mho = ohm- . 
pCi/L = picocuries per liter. 

I 
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TABLE A-4 

VOLATILE ORGANIC DATA SUMMARY TABLE 

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. 
pCilL = picocuries per liter. 
duplicate (split) ID = 200212383. 
field blank ID = 200212370. 
trip blank ID = 200212439. 

FEhlP OSDF-LLCFR-REV C 
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TABLE A-5 

SEMI- VOLATILE ORGANIC DATA SUMMARY TABLE 
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FEMP OSDF-LLCFR-REV C 

TABLE A-5 

SEMI- VOLATILE ORGANIC DATA SUMMARY TABLE (continued) 

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. 
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a 11.1.1 S m  [Release Number 1000010033] 

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 
ICP/MS, Radium-226 by radon emanation and scintillation counting (Lucas cells), 
Strontium-90 by gas flow proportional (GPC). Uranium-iso (U-234, U-235Rl-236, U-238), 
Neptunium (Np237) Plutonium-iso (Pu-238, Pu-239Pu-240 and Thorium-iso (Th-228, 
Th-230, Th-232) was analyzed alpha spec., Total Thorium was calculated from Th-232 
and U-Total was analyzed 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 Worksheet". 

The resultant radiological data were validated at ASL level D and evaluated in 
accordance with the FEMP Radiochemistry Data Validation Checklist in order 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: 

0 The Radiochemistry Data Validation Checklist 
a Case Narrative 
a 

a Sample Traffic Reports 
a Release Tracking Worksheet 

Laboratory Sample Resutts Summary Report 

0 The Radiochemistry Data Validation Summary Report 

C. DATA QUALIFYING CODES 
Based on evaluation of the radioanalytical data in this package, the dowlng codes were 
assigned to the calculated results: 

J Estimated Result 
N Tentatively Identified 
R Unusable Data (reject) 
U Nondetect, MDC > Resutts 
UJ 

z 

Nondetect 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 qualfled. In those cases where 
the blank activity (laboratory and/or field blanks) exceeded the sample activity, and the 
sample activrty 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 
Technetium-99 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 pCilL requirement the samples were reanalyzed 
several times to eliminate possible interference. Gross alphaeta in sample 20021 2379 
was reanalyzed due to failure to meet HAMDCs. Te99 in samples 200212369 and 
200212392 were reported by ICPMS, 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 acceptabty within the radiochemistry validation guidelines and laboratory 
criteria described in this checklist. 

The positive resutts 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 results were coded D[q. - 
Sample 200212379 was reanalyzed by the laboratory, due to elevated HAMDCs. The 
initial resutts were flagged 'Z" and the resutts were-reported from the reanalyses (RE-1). 



- 
Blank contamination was exhibited in the field blank of sample 200212379 (gross alpha 
3.42 pCi/L and gross beta 6.07 pC'K) and the method blank (gross alpha 0.020 pCi/L). 
No samples were impacted. 

The positive results 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. I 

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 results were 
coded D. 

The positive resutts for Neptunium-237 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 results for Neptunium237 in sample 200212369 was considered estimated, 
and qualified (J) because of the uncertainty associated with high matrix spike recovery 
(1 04.1 YO ), sample were coded (HR[M]). 

The detection limits for Radium-228 in samples 200212369, 200212392 exceeded the 
HAMDC. The detection limits for these samples have been qualified estimated and 
flagged 'UJ". The resutts were code Result < MDC > HAMDC. 

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 contamination, were qualified undetected (U), because of the 
uncertainty associated with blank contamination associated with the field blank and are 

( B m  

The positive results for Strontium-90 in samples 200212369,200212379 were considered 
estimated and qualified (J), because of the uncertainty associated with the elevated error 
(TPUs), the samples have been coded (EE). 



e Technetium-99 

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. 

Thorium33Q 

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 contarnination associated with the laboratory and/or field blank and 
are coded (B/F[B)). 

Thorium-2_?12 

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 with blank contamination associated with the method blank and are coded 

- 

The positive results for Thorium-232 in samples 200212369, 200212392, 20021 2379, 
were considered estimated and qualified (J), because of the uncertainty associated with 
the elevated error (TPUs), the samples have been coded (EE). 

Total Thorium 

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 Thoriilm-232 blank contamination in the laboratory 
blank. The positive results for Total Thorium in samples 200212369, 200212392, 
200212379, less than or equal to the contamination, 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 (TPUs), the samples have been coded (EE). 



b 

The positive results 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-235/236, 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 Uranium-238 matrix spiked sample 
200212379, all samples were coded (HR (MI). 

The positive results for Uranium-234, Uranium-235/236, 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 p41;14196, - 
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ATTACHMENT C 

FERMCO ENVIRONMENTAL 

FEMP RADIONUCLIDE QUALIFIER SHEET 

FERMCO ID. 200212369 LABID 96A3405 MATRIX WATER 
I 

RELEASE 1oooO10033 

Concurred by: 

Definition of QuaIifiedSuffixes 

J = estimated results 
R = unusable (reject) data 
U = nondetected 
UJ = nondetected estimate 
N = tentatively identified (see naathre) 
2 = sample re-analyzed 
(-) = no data qualifier 
NIR = data not reproted 
NIA = anaiyte not analyzed 
RA = Data Reassessment 
RE = Data Re-anal)ized 

Date: Y-39.5L 

Comment Codes 

QCIFV QC (Reviewffield Validation) 
H l  (Hold lime) 
BFB (BlanWField Blank Contamination) 
DffD (Poor LablFieid duplicate pre+ion) 
WLR (High or Low-spike recovey) 
EE (Elevated uncertainty) 
IUCC (Calibration Deficiency) 
WLY (High or Low Yield recovery) 
R (Field Rlnsate sample) -- 

4124196 page 3 
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i 

e 

URANIUM 238 
URANIUM 235/236 

URANIUM 234 

TWTALURAMUM 
TUrALmom 
THORntM 232 
-IHomnu 230 
THORIUM 228 

TEcHNEINM99 
sIRoN[NM#) 
RADluM 228 
RADIUM 226 
PLU"QNlUM 2391240 
KrnNIuM238 
NEIrNMuM 237 
GROSS BETA 
GROSS ALPHA 
CESIUM 137 

200212369 SA3405 W A m  
200212369 SA3405 WATER 
200212369 %-A3405 WATER 
200212369 %-A3405 W A m  
200212369 S A 3 J o S  W A m  
20021n69 %-A3403 WA'IER 

SA3405 W A m  

206212369 %-AMOS WAlER 
2W2U369 %-A3405 WATER 
200212369 SA3405 WATER 

2002U369 S A 3 4 0 5  WATER 
200212369 SA3405 WA'ZPII 
lOOZl2369 SA340S WATER 
200212369 96A340S W A m  
200212369 96-mas WATER 
200212369 %-A3405 WA'TeR 
2m212369 SA3405 WATER 

200212369 %-A3105 WATER 

0.0 
0.0 
0.11 
0.03 
0.61 
0.07 
0.22 
0 
-540 
0.22 
0.13 
4.02 
4.01 
-0.01 
0.02 

0.22 
0.0) 

0.91 

UoooO 130001E+O¶ 1000 
29000 u)oo14oO0 = 

22oooo 12000 lE*S 3ooo 
JM)oo 42000 29.3 
4.14 0.47 0.47 0.77 
-0.02 0.05 0.05 0.08 

0.54 0.1s 0.2s 0.21 

0.21 0.05 0.09 0.05 
64ooo 46oouooo 

0.17 0.54 0.54 0.9 
5.6 4.3 4.4 7.2 
0.1 0.34 0.34 0.61 
0.02 0.03 0.03 0.06 
0.01 0.0) 0.04 0.08 
0.11 0.1 0.11 0-13 

280000 3too 60000 930 
33oooO 4800 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 



ATTACHMENT C 

FERMCO ENVIRONMENTAL 

FEMP RADIONUCLIDE QUAUFIER SHEET 

FERMCO ID. 20021 2392 IABID 964MW MATRIX WATER RELEASE 1oooo10033 

Date: 

Date: 

Signature: 

Concurred by: 

Definition of QualffierdSuffixes Comment Codes 

J = estimated results 
R = unusable (reject) data 
U = nondetected 
UJ = nondetected estimate 
N - tentatively identified (see narrative) 
2 = sample re-analyzed 
(-) = no data qualffier 
NIR = data not rproted 
NIA = anatyte not analyzed 
RA = Data Re-assossment - 
RE = Data Reanalyzed 

aCFV QC (ReviewField Validation) 
HT (Hold Time) 
WFB (BlanWField Blank Contamination) 
DffD (Poor LablField duplicate precision) 
HRR (High or Low spike recovery) 
EE (Elevated uncertainty) 
ICICC (Calibration Deficiency) 
WLY (High or Low Weld recovery) 
R (Field Rinsate sample) 
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e 
. .  

- 
i 

0 

0 
'I 

. '! 

BLANKCORRECTED SDC: 7290 

30-Apr-Pb 

ANALYTE FERMCO ID ALR MA= ALlQUOTUNCfS BLANK SAR CU TPU MDC D A ~ E  

W oat0 m per Utcr odes8 noted 0t)wnrk 

0.0 
0.0 
0.11 
0.03 
0.61 
0.07 

0.22 
0 

-no  
0.22 
4.13 
4.02 
4.01 
4.01 
0.02 

0.22 
0.04 

0.91 

21oooO loo00 82000 
3oooo 4300 12000 

160000 9300 64a)o = 
.ULS000 42000 29.3 

4.06 0.3 0.31 0.82 

-0.01 0.06 0.06 0.09 

0.45 0.16 0.25 0.23 
0.24 0.06 0.12 0.03 

6HwK)  moo^ 
4.11 033 0.3s 0.92 

5.2 6.1 6.1 10 
0.23 0.3s 0.33 0.61 

0.02 0.02 0.02 0.04 

4.04 0.1 0.01 0.22 
290000 3800 62000 920 

32oooO 4700 61000 499 
6.7 4 4.2 3 5 

0.03 0.04 0.04 0.01 

- 

0.2 
0.2 
0.2 

0.1 
03 
0.2 
0.2 
0.2 
15 
1 
3 

1 
0.3 
0.5 

0.5 
4 

2 
4 

Y14J% 
3/14/96 
3/14/96 
3/14/96 
3r1m 
312m 
3/21/96 
312 11% 

3 1 2 ~ 6  
3a y% 

3/14/96 
3/18/% 
3I20196 
3120196 
my96 

3/8/96 

3/8/96 
3/18/96 

UNCORRECTED RESULTS 
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ATTACHMENT C 

FERMCO ENWRONMENTAL 

FEMP RADIONUCLIDE QUALIFIER SHEET 

FERMCO ID. 20021 2379 U B I D  9643407 MATRIX WATER RELEASE 1000010033 

Signature: Date: 

Definition of QuallfierslSuffixes 

J = est+nated results 
R = unusable (reject) data 
U = non-detected 
UJ = nondetected estimata 
N a tentatively identified (see namtive) 
2 = sample reanalyzed 
(-) = no data qualifier 
NIR = data not reproted 
NIA = analyte not analyzed 
RA - Data Re-assessment 
RE = Data Reanalyzed 
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Comment Codes 

QCIW QC (ReviewlField Validation) 
H f  (Hold lime) 
BIFB (BlanWield Blank Conlamination) 
DlFD (Poor Lawie ld duplicate precision) 
HlLR (High or Low spike recovery) 
E? (Elevated uncertainty) 
IClCC (Calibration Deficiency) 
HRY (High or Low Yield recovery) 
R (Field Rinsate sample) 



1 pcuL 0.0 
I pci5 0.0 
lpcJL 0.11 

0.005 I@, 0.03 
1 a#L 0.61 
1 pcih 0.07 
1-  0.22 
r p c a  0 

0.29 PCyL 1.3 
l p c i h  022 

0.5 pcih -0.13 
0.5 pcuL 4.02 

1 pcih 4.01 

rpCa 4.01 
0.5 pCih 0.02 
0.S p C i i  0.24 
0.5 pCL& 0.47 

1 p C i  0.91 

0. I3 
0.17 
0.21 
0.s 

4.35 
4-04 
0.09 

0.003 
1.3 

0.61 
0.74 
0.15 
0.01 
0.0 1 

0.002 
s.3 
1.9 

0.91 

0.08 0.1 0.08 

0.11 0.13 0.14 
0.16 0.18 0.22 

0.06 0.029 

0 . u  0.u 0.76 
0.05 0.05 0.08 
0.14 0.14 0.22 
0.03 0.03 0.06 
6.3 6.3 15 

0.77 0.77 1.3 
2 2 3.4 

0.01 0.01 0.03 

0.05 0.05 0.08 

0.3 0.3 0.53 

0.03 0.04 0.06 

1.3 1.4 1.8 
0.86 0.93 0-97 

1-8 1.8 1.9 

0.2 
0.2 
0.2 
0.1 
0.2 
0.2 
02 
0.2 

1s 

1 
3 
I 

0,s 
0.5 

0.5 
4 

2 
4 

916196 
Y16M 

3 / 1 m  
3/14/96 

3/21/96 
Jam 
3Rw% 
3121196 
3/1396 
3/19/96 
311486 
3/18/96 
31 19/96 
31 19/96 
3 0  i/% 
3/1MJ6 
3/14196 
3 / 1 W  

I r C 1 f 2  4 ' A  



7- 

L ” 96lTHU) 0 8 : 2 9  FERMCO CRU TEL:5i3 738 9150 - P. 0 0 2  

I 

‘. 
I 

06 



Bpodal  Conontm: Note: All sa-rs -. 
(Uhon 10aooama~?y - 
I n i t i a l  & Data.) 

with "200 I( 
ROlO... # l o w 3 3  - 

A m  B Per-d Water C l a r i f i e r  Pit 

v 
212361 

212362 

212365 

212366 

212367 

212368 

212371 

212372 

212371 

212376 

212377 

212378 
c2 

Toc 93 mg/L 

All Analytem 

All Analytom 

?hot ide 2.98 mg/L 

Phosphate 93.4 Pg/L 

DV 
QUr 1' 

J 

J 

J 

U 

Tho romult wam qualifiod omthtod duo to fbld dupliaato 
improcimion and a low matrix mpih rocovory. 

Tho romult w.8 qualifiod omtim8td duo to fiold duplicato 
imprmcimion. 

No romults wore qualifiod. 

No romultm woro qualifiod. 

Tho romult wam qualifiod omtimatod duo to fiold dupllcato 
improcimion. 

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

No romultm woro qualifiod. 

No romultm woro qualifiod. 

No romultm woro qualifiod. 

No romultm woro qualifiod. 

No rorultm uoro qualiflod. 

No romultm m r o  qualifiod. 

m -/& Dater QC Chock of 8ubeontraotor luBnimmion@ by: - P i n 8 1  D8t8 Validrtion Qualifiorm ammignod bamd upon tho tolorant factor(@) thrt u m r m  indiomtd.  
Pago 1 of 2 

0 

4 
0 
a, 



-. 
mBaum. 
212384 

212385 

212388 

212389 

212390 

212391 

Toc 9.68 mg/L 

DV 
Qual' 

J 

J 

J 

U 

The rmrult w88 qu8lifi.4 m 8 t b a t . d  dum to fimld dupliuatm 
imprmcimion 8nd 8 low matrix mpih rmcovmry. 

N o  rmmultm worm qu8lifi.d. 

N o  rmmultm wrm qualified. 

Thm rmmult warn qualified m 8 t b t . d  dum to fimld duplicatm 
imprecimion. 

Thm rmmult wa8  qualified undmtmctmd dum to fimld blank 
contamin8tion, and mhould k COn8idmt.d bi8m.d high. 

. 





REPOUTDATE - 02/29/96 
MATRIX - WATER 
RELEASE WMBW - 10033 



REPOFlTDATE - 02R91pb 
UTRK - WATER 
RELEASEMJMBER - 10099 

MISC. WQANIC8  - TABLE 10 PARAyETEF#) 

aC BATCH N0.- 
DILUTION FACTOCI - 1 

lNoerQ - 10099 

420.2 P H E W  5 5.6 - o2/07/ss 

rn 



7 0 6  



REPORT DATE - 02/29/96 

RELEASE N U M m  - 10059 
una - WATER 

I 

MISC. INoIIQANIc8 - TABLE a PARAMETERS 

Qc BATCH N0.- 
DlllcTION FACTOR - 1 

INOR0 - 10033 
1 

310.1 AlKuJNcTv 2 m Q -  Wls/ss 
300.0 SULFATE 2 121 - o?lo2lss 1:20 dil 
300.0 CHLORlM 1 89.1 - 02102/96 1:20 dil 
340.2 2.90 5 oyos/ss 1:s dil 
120.1 CONOOC 3720 L 



a 

e 

1 

aC BATCH NO.- 
OlLUTlON FACTOR - 1 

INOFIQ - 1 W  

365.1 TOT. PHOSPHATES 10 UQA 99.4 4 02/14/96 
959.1 N--N 10 MQA 338 - 02/05/96 1:lOOO dil 
3so. 1 AMMONW 0.06 MGA 1.62 - 02/05lse 1:2 dit 
351.2 TKN 0.5 M a  9.W - 02J14lse 1:Sdil 
361.2 TON 0.1 YQA 2.96 - 02/14/96 



REPORTDATE - 02mm 
MAma - WATER 
RELEAS€ WMBW - 10033 



REPOFITDATE - 02/29/96 
MATRIX -’ WATER 
RELEMEpLQfMBER - 10099 



e 

420.2 PHENOLS 

. C  



REPORTDATE - 02/29/96 
MAIRK - WATER 
R E W E  NUMBER - 1- 

MISC. W O A N I C S  - TABLE $0 PARAMETERS 

Qc BATCH NO.- 
OlLUnoN FACTOR - 1 

INOR0 - 10033 

DATE 
METHOOS PLSUMETER ANALYZED 

378.1 SUVlMS o2/os/ss 



aC BATCH N0.- 
DILUTION FACTOR - 1 . I  

INOR0 - 1- 



REPOFITDATE - 02mm 
MATRK - WATER 
RELEASE NUMBS - 10099 

MISC. INORQANICS - TABLE 4Q PAAAMETERS 

aC BATCH N0.- 
DILUTION FACTOR - 1 

INOFIO - 10099 

DATE 
NALYZED 

D€lECTlON 
METHO08 PLSUMETER UMlT 

36S.1 TOT. PHOSPHATES 10 UWL 56.9 - 02/14/98 
959.1 NOWN02-N 0.01 c----J!MWL ,ND L( 02/05/98 
380.1 AMMONU 0.03 A MQA ND I( 02/05/96 
351.2 TKN H) 02/14/98 

,ND 4 02/14/96 as1 9 TON 





REPORT DATE - 02/29/96 
u m a  - WATER 
RELUSEMJMB09 - 10099 

MWC. INORQANlCs - TABLO 4Q PARAMETERS 

QC BATCH N0.- 
OlWtlON FACTOR - . 1 

INOAQ - 10099 

9060 TOC 1 



~ 

MISC. INORQANlCS - TABLE 40 PARAMEEM 

OC BATCH NO.- . . INOFIO - 1- 
DILUTION FACTOR - 1 

OETECTlON 
METHODS PARMlETrR UMK 

420.2 PHENOLS 5 6.8 - m7m 



* 

MSC. INOROANICS - TABU 40 PARAMETERS 

Qc BATCH NO.- 
DILUTION FkTOR - 1 

INOR0 - 10059 

DATE 
ANALYZED 

kk  Ll 
METHODS PARAMETEFl UMm 

376.1 SULFIDES 1 Y  ND 02mm 



aC BATCH NO.- 
DIUJTIO~ FACTOH - 1 

INOR0 - 10093 

310.1 ALKALINCTV 2 010 - 02/19/98 
300.0 SULFATE 2 120 z 02/02/Se 1:20 dil 
300.0 CHLORIDE 1 68.8 - 02/021Sa 1:20 dil 
340.2 2.19 3- o2los/sa 
120.1 3710 - 02/21/96 



MISC. INORGANICS - TABLE 40 PARAMETERS 

QC BATCH N0.- 
DILUTION FACTOR - 1 

INom - 10053 

DETECTION k&k a DATE 

I 10 UQA 122 y 02/14/96 385.1 TOT. PHOSPHATES 
353.1 NOWN02-N 
350.1 AMMONIA 0.03 UQA 1.69 - 02/05/ss 
s1.2 TKN 0.8 MQA 4.02 -. 02/14/96 1:s dil 
351.2 ' TON 0.1 MQA 2.33 - 02/14/96 

METHOOS PARAMETER UMK I - ANALYZED 

10 UQA 338 - 02/05/96 1:1000dil 

7 



aC MTCH NO.- - ~ 0 - 1 0 0 3 5  
DILUTION FACTOR - 1 

I 



e1 1 

. 



901oA TOX 



e 









e 

8 



- a  
RO1@.80 # 

2ccD3 (Whon Iloooomary - c Initial 0 mto.) 
(Reported Measurement Unitm):fig/L 

m8Radmk 
212364 

\J 4d A: &' Q 

Anthony 

h 8 0 t l i O  

k d a r i u  

Iron 

Horcury 

Solonium 

Thallium 

Vanadium 

Calaium 

Iron 

Sinal 
aamau 

4.0 

7.5 

1.4 

366 

0.10 

7.6 

5 . 0  

2.0 

138 

40.5 

DV 
0-1' 

.UJ 

U 

U 

U 

0 

J 

UJ 

UJ 

U 

U 

Tho r o 8 u l t  W.8 qua1i f i .d  08 th t .d  duo t o  8 1- MtrLt 8 p i h  
rocovory, and mhould bo conmidorod bia8.d low. 

Tho romult wa8 qu8liti.d undotoctod duo t o  l8boratory blanJc 
contamination, and 8hould bo conmidorod biamod high. 

Tho romult wa8 q u a l i f i o d  undotootod duo t o  l abora to ry  b h n k  
contamination, and should bo con8idorod bia8.d high. 

Tho romult w.8 q u a l i t i o d  undotoctod duo t o  18boratory blank 
contamination, and 8hould ba con8idor.d bia8.d high. 

Tho tomult  w a 8  qualifiod undotoctod duo to l abo ra to ry  blank 
contamination, and 8hould & con8idor.d bia8.d high. 

Tho r rmul t  warn qualified 08th t .d  duo duplicate and I L m l d  
duph icato Lmproci8ion. 

rocovory, 8nd 8hould bo conmidorod biamod low. 

Tho romult  warn q u a l i f i o d  0 0 t h t . d  duo to  a low mtrix .pika 
rocovory, and 8hould bo conmidorod bia8od low. 

Tho romult wa8 q u a l i f i o d  undotoctod duo t o  laboratory b1.a 
contamination, and 8hould k con8idor.d bia8.d high. 

 tho ro8u l t  w a 8  q u a l i t i o d  undotoctod duo t o  l abora to ry  blank 
c o n t m i n a t i o n ,  and 8hould k con8idor.d bi88.d high. 

Tho r O 8 U l t  W 8 8  qu.1ffi.d 0 8 t h t . d  d U 0  t o  1W m t r k  8 p i b  

't-J 
€3 
a, 

*A Data t QC Chmck of lubcontraotor lubrim8ion8 by8 - liar1 Data Validation Qualifior8 a88ignod b a 8 d  upon tho tolorant factor(.) that  w o r m  indtortrd. 
Prga 1 of 2 



FORB# ?8- 9 -3808 

RolOaSO # 1-1QQ33 Bpooial Couontmr No-le w e  are al2brev-d. 

(Reported Measurement Unite):pg/L 

(Whon looomrary - v be& w i t h  a2000 n 
Initial L Dpto.) 

- 
Am ic: P- Water C- P i t  

212387 Alumin- 

An thony  

Armonic 

I ron  , 

So lonium 

Thallium 

Vanadium 

?inrl 
II..ult. 
405 

4.0 

9.7 

334 

17.7 

5 . 0  

2 .0  

DV 
-1' 

U 

UJ 

U 

U 

J 

UJ 

UJ 

Tho romult war q u a l i f i o d  undotoctod duo to  laboratory bhnk 
contamination, and mhould bo oonmidotod biamd high. 

Tho romult wam q u a l i f i d  omtLmi.tod duo t o  a l o w  ma t r ix  mpih 
rocovory, and mhould bo conmidorod bbamod low. 

Tho romult wam qu8 l i f i . d  undotoctod due to  l a b o r a t o r y  b lank  
contamination, and mhould bo con8idor.d biamod high. 

Tho romult w a r  qua1i f i .d  undotoctod dua t o  l abora to ry  b lank  
contamination, and mhould bo con8idorod biamod high. 

Tho romul t  war q u a l i f i o d  omthatod duo dup l i ca to  and f i o l d  
d u p l i c a t e  Fmprocimion. 

Tho remult  warn q u a l i f i o d  0 m t h M t . d  d u e  t o  a low mat r ix  .pika 
rocovory, and mhould be conmidorod biamod low. 

rocovory, and 8hould bo conmidorod biamod law. 
Tho rO8ult  W.8 qualified 08tLmi.t.d duo t o  1- matrix 8 p i h  

I 

0 



~ r o r p l s / I n o ~ c  CLP 

1 
RiORGANIC ANALYSIS DATA SliZET 

Lab W a n :  TCTm. mi8 Contract: 434286 
0 

SAIBLiE NO. 

212364 

Lab Cod.: TCT :- Cam No.: 10033 SAS No.: SDG No.: 212383 

Xatrix (soil/~atu): WATER Lab Sample I D :  960200515A 

Level (low/nd) : rxm Dato Roceived: 02/01/96 

Solid.: 0.0 

Concontration Units (ug/L or mg/kg dry voight): UC/L 

CAS NO. 

7429-90-5 
7440-36-0 

7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-0 
7439-09-6 

7439-95-4 
7439-96-5 
74 3 9-97-6 

7440-09-7 

7440-3a-a 

7439-92-1 

7440-02-0 

7782-49-3 
7 ~ 0 - a a - 4  

7440-aa-a 

7440-a3-5 
74 4 0-28-0 

. . _  .. . 

AMlyt. Concontration 

75.0 

7 . 5  

15.6 
. 1.4 
555000 

1706 
56.1 
00s 
366 
2.0 

131000 
070 

0.10 
117 

48600 
7 . 6  

138000 
5.0 
2.0 

89.4 

4.0 

227 

04.8 

0 I 

Color Baforo: 

Color A f t u :  

Clarity Bofora: QLHloY T u t u r e :  

Clarity Aftu: CLEAR Artifact.: 



1 
IMORGMIC ANALYSIS DATA SEEET 

L.b W W :  TC? 8t. mi8 Contr8ct: 434266 0 212374 

Lab Cod.: TCP a m 0  No.: 10033 SAS No.: SDG No.: 212383 

Matrix (aoil/wat.Jc): WAlZR Lab Sarplo ID: 960200524A 

mv.1 (lov/m.d) : mw DatO Rocdved: 02/01 /96  

% Solid.: 0.0 

Concontration Unit8 (ug/L or mg/kg dry voight): M;/L 

=A8 NO. 

Color kfora: WIORUSU 

Color A f t u :  WIORLBSS 

:oncontration C Q I1  

Clarity Bofom: 

Clarity M t u :  .aEaR 

TOXt-8: 

Attifact.: 



1 
fwoRGAwIC ANALYSIS DATA SBtSr 

212387 
Lab W a W :  Tcp e. fRUh Contr8ct: 434286 

e 
Lab Cod.: Tcp -80 No.: 10033 SA3 No.: SDG No.: 212383 

Matrix (moil/mtu): WATRR 

Level (lov/rad) : Lou Data Raceivad: 02/01/96 
Lab  Sarplo ID: 960200505A 

Solid.: 0.0 

kSL. c Concurtration Unit. (ug/L or mg/kg dry weight): UG/L 

:oncurtration C I '  

color kfora: Ymam 
colorAf+rr: Y l r . t n r  

Clarity Bofora: -Y Taxture: 

clarity Mtu: e- Artifact.: 



I 

BNIRorORIIs/ INORGANIC CLP 

Prepa- I 
ration I 

Blurk C 

3 
BLANlts 

9 - 000 

Lab Nu.: TCT St. LOUIS Contract: 434286 

Lab Cod.: TCT C8.o No.: 10033 SA8 No.: 

Preparation Blank Matrix (8dl/vatw): WATER 

Preparation Blank Concantration Unit. (ug/Ii or mg/kg): WG/L 

a 
Ti 
Ti 
Ti 
ij a a a a a a - - 

halyto 

Initial 
c.lib. continuing Calibration 
Blank Blank (ug/L) 

2 C 

0 75.0 0 
4.0 p - 

&’ 3 . 0  !! 9.0 g 
1.0 9 

ii 11.0 y 

1.0 u 
40.0 I! 

ii 6.0 I! 
B 9.0 u 

a 2.0 u 
B 38.0  9 
Ti - 82.0 9 

6.0 
0.1 1 

19.0 3 a a 5.0 f a 1.0 t 

a 5 . 0  5 a 2 . 0  5 
a 170.0 9 

a 13.0 - --- 

?om 111 - r# 

3 C 

SDC No.: 212383 

82 000 - _  - 

6.000 
0.100 

19 . 000 
98 . 000 

5 000 
1 . 000 

170 000 
s . 000 
2 . 000 

13 000 

r 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
E 
P 
c1 
P 

- - 



w 7 0 6  

- 
2000 . 00 

40.00 
2000 . 00 

50 . 00 

a 500 . 00 
E 

a 50.00 

- 
- 

200 . 00 
500 . 00 
250.00 

1000 . 00 u 20.00 

5100 . oa 
500 . oa 

- - - 
- - - - 
I 

~ r O R n s / I N O ~ C  CLP 

S P I m  SAXPLB R t c o v Q I Y  
SA SAllPLt NO* 

2123875 
Lab N a u :  TCT St. mUi8 Contract: 434286 

L8b Cod.: Tcr Cam. No.: 10033 SAS NO.: SDG No.: 212383 

0 

Matrix (soil/wat.r) : WATER kvrl (lov/r.d) : L a d  
8 Solid. for Sarplo: 0.0  

Concantration Unit8 (ug/L or -/kg dry might): WG/L 

0 Iron 
Lead 
xaqnrrriur 
~anqanomr 

Potamrium 
salanium 
SilVU 
Sodium 

llium 
Vanadium 
Zinc 

E E F  

cyanidr 

c n t 8 :  

Control 
Limit 
@R 

75-125 
75-125 
75-125 
75-125 
75-126 
75-125 

75-125 
75-125 
75-125 
75-125 
75-la5 

75-125 

75-125 

75-125 
75-125 

75-125 
75-125 

I 
7Gix 

spiked Suplo 
Ruult (SSR) c 

2182 6667 
316.8300 
46.4600 

58.2700 
42 . 7600 

2243 0000 

212.2333 
543 . 6667 
1019 . 0000 
1312 0000 
15 . 3200 

133103333 

601.1667 

19 9700 
127.3000 

35.2900 
360.5600 
$71.4667 

-1. 
Rwult (SR). C 

485 . 2000 
4 . 0000 
9 6900 

215.5667 1 14.7400 1.0000 ~ 

17 8667 
62 8667 

763 . 7333 _ _  _ _ _  
334.2333 
2 . 0000 

825 4667 

108.2333 

17.6600 
82 . 4100 
5 . 0000 
2 . 0000 
81.0000 

spa. 
Addd (SA) 

io.oa 
5o.oa 

a 50 . oc 9 500 . oc 
500 . oc - 

e 



6 
DUPLICATE3 -- 

Lab N-1 TC? a. IRUI8 Contract: 434286 

Lab Cod.: TCT Cas. No.: 10033 SAS No.: 

SAlIpLE NO. 

2123873) 

SDC No.: 212383 

Matrix (moil/vator) : WATXR 

8 Solid8 for Supla: 0.0 
1 

Lovol (lov/mod) : IDU 

Solid. for Duplicato: 0.0 

concurtration Unite (ug/L or -/kg dry vaight): M;/L 

I Iron 

. 

antrol 
L i r i t  

200.0 

200.0 
5 .0  

10.0 
50.0 

100 . 0 

40.0 
5000 . 0 

5.0 

185.2000 
4 . 0000 
9.6900 

14.7400 
2 1 5 . ~ 6 6 7  

2 . 0000 
81.0000 

baplic8to ( 0 )  C RPD 

67.5 
3 .8  
1 .7  

200.0 
0 . 9  

13.6 
9 .2  
2 .0  
0 . 6  

1 . 1  
1 .9  

3 . 7  



1 

112364 I ZB0-C ANALYSIS DATA 

~ . b  ~ l w :  mrn Contract: 434286 

Lab cod.: TCI NO.: 10033 SA8 No.: SDG No.: 212383 

Matrix (moi l /mt .r )  : UAm L.b S-1. ID: 960200515A 

Lava1 (lw/md) : froll D . t O  R0CaiV.d: 02/01/96 

* Soiid.: 0.0 

Concantration Unit. (ug/L 01 rg/kq dry wight): 

1 

Color kfor.: C l a r i t y  kfor.: crrwor 
C l u i t y  A t t a r :  CLmR 

A 

Turtura: 



mtrix ( . O i l / V a t U )  : WAm L8b Suplo ID: 960200505A 

UV.1 (lw/r+d) P fxlw Dato R0caiv.d: 02/01/96 

clarity b.foro: Tmxtur.: 

=if act. : clarity =tar:* CLSm 

A$ 

c J 



ORGANIC RATA VXLJDAIWN SUMMARY & 
Roloamo # 1-10033 P-0 U w  
Plan # 10.03.11 

Hatrir Uator Unit.: UQlL M L  lovol C 

212360 (VOA) 

2 12 360DL (VOA) 

212370 (VOA) 

212383 (VOA) 

2 12 38 3DL (VOA) 

212439 (VOA) 

anuaam 
Mothylm Chloride 10 U Method blank contamination is presont 

from -4n 9 t i a l  analyeia. 

Methyluro Chloride 10 U Method blank contamination is presont 
Acotono 32 U Method blank contamination is present 

Vinyl. Chloride 10 UJ Continuing calibration %D > 25%. 
Chloroethane 10 UJ Continuing calibration aD > 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 

at compounds were qualified 8 ,  because uaable data were r e p o m  

Validator: A. Abdi 

Conourrod by: 

- 
Date: 3127196 

Date: -?&Ad 

Date: 

Date: 

Date: + 
Ba 

that woro indiort.6. 0 



OROUtIC DATA VALIDATION 8-Y RBRORT 

R0108mO # 1-10033 Puah.8 mtrix Wator Unit.: UO/L UIL 1.~01 c 
Plrn # 20009011 
Chargo Mo.2CCD4 riMl DV 
mBaLLm musa.m R..ult. Crul'QlmuZhs Logia tD.iioi.noi..* 8- Rxeusu& 
212363 (BNA) 2,4-Dinitrophonol 50 R Initial calibration %RSD > 50%. 

50 UJ Continuing calibration %D > 25%. 
20 U Field blank contamination is proment 
20 UJ Continuing calibration %D > 25% and fa8 warn 

bim (2-Ethy p e n t a * ~ p E ~ l a t e  
Bento (b) f l~erm@#mno 

All the target rwrpoundm quantitated off of I86 (Di-n-ootylphthalato through 
BOn8O(g,9,&)g.rrllUO) were qualified emtimated. 

0ut8idO QC limits. 

212373 (BNA) 2 4-Dhi&p&@nol 50 R Initial calibration 4RSD > 508. 
Pentachlorophenol 50 UJ Continuing calibration %D > 25%. 

Bento (b) f luoranthene 20 UJ Continuing calibration 4D > 25% . 
212386 (BNA) 3-Nitroaniline 50 UJ Initial calibration 2RSD > 302. 

Carbazole 20 UJ Continuing calibration %D > 25%. 
3,3f-Dichlorobenzidine 20 R Continuing calibration bD > 509 . 
bis(2-Ethylhexy1)phthalate 20 U Field blank contamination is present. 

: W b a m  m~qmaific qualifier logic ~tatarent accnmpmio~ a 'J9 qualifier, th in  i r  indicative of 
a 1aboratOry EPA qualffdcation for a result that 1s below the -Lo The xwrult 8bould be 
a m d d u m d  wthted far this ~ M M .  

Date: 3/27/96 
Y 

Date: - Conourrod by: 

I 
HM Date: QC Chook of luboontraotor Do1ivorablo by: 

qualifier Codom Entorod by: Date: 

Date: ~ua1ifi.r codom ~pprovod' by: 
- lri~l D8ta Validation Qualifiorm ammignod h8.d upon tho rolovant faotor(m) that woro ~ndicmtod. 0 

\ 

I 

4 

a 



Lab cod.: * No.: 10033 SAS No.: SDG NO.: 212383 

Matrix: (soil/wator) UATBR Lab S-10 ID: 02005-1U 

U 
U 
U 
U 
U 

E -  

Sampl. vt/vol: 5 (g/U) ML 
Lav.1: (lov/wd) tL#l 
8 Xoi8turo: not de. 

GC Column: DB634 ID: 0.53 (P) 

Soil hrtr.Ct Vol\tl.: (W 

L 

L 

fi.b lilo ID: >E9651 
Dato Rm0iv.d: 02/01/96 

D a h  Ih.lys.4: 02/07/96 

Dilution I8ctor: 1 
so11 Aliquot Volumm: 

QlorOBothan. 
Brorawthano 
Vinyl chlorido 
Chloroothano 
mthylono Chlorido 
-tono 
arbon Dhulf id0 
1, l-D~chloroothono 
1,l-Dichloroothano 
*u~-l, 2-Dichlor00.thUw 
ci8-1.2-Dichloroo~~ 
Qloroform 
1,2-Dichloroothano 

74-87-3 
74-83-9 
75-01-4 
75-00-3 

67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-1 
67-66-3 
103-06-1 
70-93-3 2-Butanono 
71-55-6 l,l, l-Trichloroothano 
56-23-5 C8-n Totrachlorido 
108-05-4 Vinyl Acotat. 
75-27-4 Bxomodichloromothum 
78-87-5 
10061-01-5 &-1,3-Dich oroprop.# 
79-01-6 Trichloroothono 
124-48-1 Dibrorochloromothana 
79-00-5 l,i,a-Trichloroathum 
71-it-a Bans.# 

79-09-3 

1 2-Dichloro ropano P 

~-1,3-Dichloropr0p~m 
lmrof 011 
eJbthy1-2 -purtanon. 
24axanono 
a, 1,1 , 2-Totrachlonnthana -- 'htrrchlorwthono - * 

. Qlorrob.trzon0 
x..: ~ h e n 8  

100-41-8 ~ l b U l 2 . n .  
100-42-5 =Y-- 

?om I OOA 

10 
10 
10 
10 
3 
10 
10 

7 
2 

5 
10 
2 
10 

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

- 10 

3/90 R w  



.. . 
.- 

212360 * L a b N a w : T C k T . m b  Contract: 434286 I 
7 0.6 

Lab Cod.: ‘TCP -8. NO.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (aoil/vator) UATXR Lab S-1. ID: 02005-1U 

Salnpl. ut/vol: 5 (g/d)  Lab ?ilo ID: - >E9651 
L8v.l: (lov/r.8) fx#l Date Rocoivdl: 02/01/96 
Xoimturo: not doc. .Dato Analyaod: 02/07/96 

CC Column: bB624 ID: 0.53 (P) Dilution Factor: 1 

Soil Extract Volume: Soil Aliquot Volm.: 

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

e 

mRll I VOA-2 

~ 

10 I 

R.V 



L.v.1: ~(lou/rDed) urn 0.t. Qocwivodr 02/01/96 

GC Colraa: OB624 IDa 0.S3 (a) Dilutioa Factor: 1 

Hmhmr TICS found: 1 

1 I I I I 1 
I CIsaumSm I cawmum- I ar I E s T . c # r c . I  0 I 
( ~ ~ o ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ m ( ~ ~ ~ ~ o o o o ~ o - o - ~ ~ - - ~ - - - o - - ~ o ~ m ~ ~ m o ~ ~ ~ ~ ~ ~ ~ - - o - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 1. IcoLwm DLEm I 21-93 I 
I 2. I I I I 1 
I 3.  I I I I 1 
I 4 .  I I I I 1 
I 5. I I I I 1 
I a. I I I I 1 
I 7 .  I I I I 1 
I a. I I I -  I 1 
1 9 .  I I I I 1 
I 1 0 .  I I I I 1 
I 11. I I I I 1 
I 12 .  I I I I 1 
I 19. I I I I 1 
I 14. I I I I 1 
I is. I I I I 1 
I. 16. I I I I 1 
I 17. I I I I 1 

I 1 
I 1 

I 10. I 
I 19. I 
I ao. I I I I 1 
I t i .  I I I I 1 
I 22. 1 I I I 1 
I 29. I I I I 1 
I aa. t I I I 1 
I 2s- I I I I 1 
I - 0  1 I I I 1 
I 27. # I 1 I 1 
I 20. I I I I 1 
I 29.  r t t I 1 
I 3 0 .  I I I I 1 
I I I I I 1 

13 I J 1% 

I I 
I I - .  

loQn I --?IC 3/90 Rev 
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212360 DL 

u 
V O U T I U  ORGANICS ANALYSIS DATA S- 

- 212360 DL 

u 
V O U T I U  ORGANICS ANALYSIS DATA S- 

- 
NU: -IS Contract: 434206 I '  I 

Lab Cod.: 'W -80 No.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (aoil/vator) mTKR Lab S-1. ID: 02005-1U 

Samplo vt/vol: 5 (g/W Lab ?ilo ID: >E9659 

k v o l :  (lov/wd) mu Da- R 8 C O i V . d :  02/01/96 

8 Moisturo: not doc. --to An8lyzod: 02/08/96 

GC Column: DB624 ID: 0.53 (-1 Dilution ?actor: 5 

Soil Extract Voluw: Soil Aliquot Volur.: 

74-07-3 
74-03-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
7 5-3 5-4 
75-34-3 
156-60-5 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-5 
100-05-4 
75-27-4 
70-07-5 
10061-01-5 
79-01-6 
124-40-1 
79-00-5 

10061-02-4 
7 1-4 3-a 

7s-2s-a qJ 
19- 
108- 
lW-90-7 
100-41-4 
100-42-3 

Chlorawthano 
Bnnowthan. 
Vinyl chlorido 
Chloroothano 
afothylono Chlorido 
AtzotOnO 
Carbon Dim1 f id0 
1 1-Dichloroothono 
l 1-Dichloroethano 
trana-102-Dkhloroeth~ 
cim-182-D~chloroothono 
chlorof 011 
102-Dichloroethano 
~-~utanono 
l,l,l-Trichloroothuro 
Carbon Totrachlorido 
Vinyl Acotato 
Bramodichloromathano 
1 2-Dichloro ropano 
Trichloroothono 
Dibromochlorowthano 
i,i,a=Trichloroothana 
buuu# 
t - l , 3 - D i c h l o r o p ~  
brorof o m  
44othyl-2-pontanono 
j-naxanone 
Tmtrachloroothono 
1, l,2 , 2-Totrachloroothano 
m1u.n. 
Qlotoburtur. 
Emylb.nz.n. 

c b l  3-Dich P oropropono 

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 
90 
50 
50 

P 
P 
[I 
[I 
[I 
B7 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

(I 
U 
U 
0 
0 
U 
U 

U 
U 
0 
U 
U 

1 
7 
c 

* f p'* 

7 

?OR11 I VOA 3/90 Rov 



r 

SDG N o . :  212383 Lab Coda: 'TCT c . ~  NO.: 10033 SAS NO.: 

Hatrix: (soil/vator) lfATl5l Ub S-1. ID: 02005-1U 

Sample vt[vol: s (g/=l) = Ub Pilo ID: >E9659 

L0v.l: (lov/mod) m DQto R0cofv.d: 02/01/96 

Hoimturm: not doc. '-to ku1yt.d: 02/08/96 

CC COlUrn: OB614 ID:  0.53 (P) Dilution ?actor: 5 

Soil Extract V01rt.l.: (-1 Soil Aliquot Volur.: (W 

13 3 0-1 0-7 3lyl.n. (total) 

FORM I VOA-2 

\ 

so 

Q eCc 
I -1 

3/90 ROV 



Lab Cod.: 'm Cam No.: 10033 SAS No.: .sDc No.: 212383 
Matrix: (soil/vator) WATER Lab S-1. ID: 02005-20A 

Samplo vt/vol: 5 (Wal l  KL Lab Pilo ID: >E9654 
Lev.1: (low/-) mw Dato Roc0iv.d: 02/01/96 
8 Moimturo: not doc. 

GC Column: OB624 ID: 0.53 (lam) 

Soil Extract Volun: 

'Data AMly2.d: 02/07/96 

Dilution ?actor: 1 

(W Soil Aliquot Volume: 

74-07-3 
74-03-9 
7 5-0 1-4 
7 5-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-60-5 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 

75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 
71-43-1 

75-2- , 

loa-05-4 

ioo6i-oa~ 

100-41-4 
100-42-9 

Chlorawthane 
~romomothano 
Vinyl chlorido 
CUororthano 
Xothylono Chlorido 
Acotono 
Carbon Disulfide 
1,l-Dichloroathono 
1,l-Dichloroothano 
traxu-l,2-D~chloroothono 
ci~-l,2-Dichlorwthono 
Chlorof ora 
1,2-Dichloroothano 
2-Butanono 
l,l,1-Trichloroethano 
Carbon Totrachlorido 
Vinyl Acotato 
Brarodichloromothano 
12-Dichloro ropano 

Trichlorootheno 
Dibrarochloromethano 
1,1,2-Trichlor-thaxm 
kruono 
~-1,3-Dichloropropam 
)raof 011 
I-llathy1-2-pentanono 
3-Eaxanono 
~ c h l o r o e t h o n o  
X, 1,2,7-Totrachlororth~~ 
-bono 
01orob.ntono 

&-1,3-Dich E oropropum 

10 
10 
10 
10 
2 
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 

Q 

U 
U 
U 
U 
83 
B 
U 
U 
U 
U 
U 
U 
U 

J 
U 
U 
U 
U 
If 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
P 
U 

?OM I VOA 3/90 Rov 



u-2 
VOLATILE ORGANICS ANALYSIS DATA SHEET 

@ L a b N a w : F S ? .  W I S  Contract: 434286 

Lab Cod.: Can No.: 10033 SAS No.: SDG 

Yi$f"4"41C 
I 212370 

NO.: 212383 

Matrix: (8oll/wator) WATER Lab S-ph ID: 02005-20A 
Samplo vt/vol: 5 (g/ml) Lab Pllo ID: >E9654 

Level: ?low/md) mW Dato Roco~vod: 02/01/96 
% Hoi8turo: not doc. Dato Analyrod: 02/07/96 
GC Coluaua: DB624 ID: 0.53 (m) Dilution Factor: 1 

soil txt'ract Volurr: (-1 Soil Aliquot Volun.: 

1330-20-7 Xylono (total) 

rORX I VOA-2 

10 

- 

3/90 Rov 



lB Ro 
VOLATIm ORGANICS ANALYSIS DATA Saaa 4494/L- 

I 212370 I m A T I V B L Y  IDENTIFIED CO- e LabN-:TClcCT.LUJII Contract: 434286 

r Lab Coda: 'TCS NO.: 10033 SAS NO.:  SDC No.: 212383 

Matrix: (soil/wat.r) WATXR Lab Sample ID: 02005-20A 

Sampl. vt/vol: 5 (g/U) Lab lila ID: >E96S4 

L0v.l: (lov/nrb) ma Date Received: 02/01/96 

8 Xoisturo: not doc. .Date Analyzed: 02/07/96 

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

Soil Extract Volume: (-1 Soil uiquot Volum.: 
CONCENTRATIOH UNITS: 

Number TICS found: 0 (UWL or ug/ltg) W/L 

a 

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. 
27 
26. 
29 . 
30. 

FORM I VOA-TIC 

RT 

3/90 Rev 

C t  



Matrix: (aoil/uator) UATKR Lab Sup10 ID: 02OOS-OU 

Sample vt/vol: S (g/rl) = Lab lilo ID: >E968 1 
Level: (low/mod) mu 0.- R.criVOd: 02/01/96 

8 Hoisturo: not doc. .D.- kulyZ.6: 02/09/96 

CC Column: DB624 ID: 0.53 (ma) Dflutfon Factor: 1 

Soil Extract Voluw: (W soil Aliquot Volume: 

7 4 -8 7-3 
7 4-8 3-9 
75-01-4 
75-00-3 

67-64-1 
75-1s-0 
75-3s-4 
7s-34-3 
15 6-60-5 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-SS-6 
S6-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-4801 
79-00-5 
7 1-4 3-2 
10061-02-8 

7s-09-7 

c&lorrrwthan. 
Bro~omo+h.nO 
Vinyl chlorido 
chl0rocrthan0 
nothylono Chlorido 
Acotono 
Carbon Di8ulfido 
1 , i-DichlorOOthul. 
1,l-DichlO~than. 
traru-l,2-Dichlorooth~ 
cis-~,2-~ichloroothum 
chlorof o m  
1,l-Dichloroothano 
2-mtanono 
1 8 1 , I-Trichloroothano 
Carbon Totrachlorido 
Vhyl Acotato 
Broooaichlorowthano 
1 2-DichlOro r~pan. 

T r i C h l O t o r t h U k O  
Dibroaochlorawthano 
i,i,a*ichio-- 
kntrnr 
w - 1 ,  3-Dichloropropum 
m f  o m  
4~yl-2-purtanono 
2-Euunono 
T.tr.chloroothono 
1, 1,2,2-T0trachlororthano 

clm-l,3-Di chp oropropum 

? O ~ I o o A  - .  

10 
10 
10 
10 
3 
12 
10 
5 
1 
10 

- 3 
10 
2 
10 
7 
10 
10 
10 
10 
10 

1150 
10 
10 
10 
10 
10 
10 
10 
75 
2 
10 
10 
10 
10 

3/90 Rav 

U 
U 
U 
U 

U 

U 

U 

U 

U 
U 
U 
U 
U 

U 
U 
U 
U 
0 
U 
U 

J 

J 
J 

J 

J 

J 

E 

J 
U 
U 
U 
U 

. - 
U 

J 
5 

Ir 

- 



u - 2  
VOUTIU ORGAwlCS ANALYSIS U T A  SHBET 

* .* 
W NU: -8 Contract: 434286 

e 

.- 

I I 212383 
I I 

SDG NO.: 212383 

Matrix: (aoll/vat~r) WATgR Lab Ssrpl. ID: 02005-OU 

Samplo vtpol: 5 ( W i l l  = Lab F i l o  ID: >E9681 

IAv.1: (lov/red) mu 
% Mohturm: not doc. 

Dato R8coived: 02/01/96 

'bat. Analytad: 02/09/96 

GC Column: OB624 ID: 0.53 (g) Dilution Factor: 1 

Soil Extract Volumo: (a) Soil Aliquot Volur.: 

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

3/90 Rov 



I I 212383 I 
k b  Yuwl TCT-St. LQUIS Contract: 434286 I I 

k b C o d o : W  Ilo.: 10033 SAS Y0.r SDG Yo.: 212383 

mtrix: ( i o i ~ ~ a t o r )  U A ~  Lab S - h .  ID: 02005-0lA 

>€Ob81 SmQl. wt/volr b (g/al)- Lab ?ilo ID1 

L.v.1: ( l o w m o d )  toil Oat. Rocoivodr 02/01/96 

t Hoirturor not doc. Oat. kralytodi 02/09/96 

GC Colu~a: Ob624 ID1 0.53 (m) Dilution Factor: 1 

Soi l  Extract Voltmot (a) Soil Aliquot Voluw: ( U L )  

Number TIC8 found1 0 

I 6. 

I 8 .  

I I I I I I 
. I  cwyuabcn I CamolJmWAm I RT I f31.coeic. I  0 I 

I 1. I I I I I 
I 2 .  I I I I I 
I 3 .  I I I I I 
I 4.  I I I I I 
I 5 .  I I I I I .  

( ~ o ~ o ~ o ~ ~ o o o ~ o ~ ~ ~ ( o ~ o o ~ o m ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ o ~ ~ m ~  

I 
I 
I 

I 9. I I I I I 
I 10. I I I I I 
I 11. I I I I I 
I 12. I I 1 I I 
I 13. I I I I I 
I 14 .  I I I I I 
I 15. I I I I I 
I 16. I I I I I 
I 17. I I I I I 
I 18. I I I I I 
I 19. I I I I I 
I 20 .  4 I I I I 
I 21. k I I I 1 1  

I I I I 1  I I 
I 2a. t 
D 24. 0 I I 

I I I I 
I I 

I 24. I 
I I 
I I I I 

I as. 0 
I 26. .I- 
I a x  I I I I I 
I 20. I I I I I 
I 29. I I I I I 
I 3 0 .  I I I I I 
I I ). I 1-1 

I I I I 
I I -  I I 
I I I I 

?OW4 I --TIC 



u - 
VOLATILt ORGANICS ANALYSIS DATA S- 

212383 DL 
Contract: 434286 

U 
U 
U 
U 
BJ 
U 
[I 
J 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 

U 
U 
U 
U n 
U 
U 

U 
U 
U 
U 

J 

u. 

I - 

Lab Cod.: TCT- Cam No.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (soil/wator) WATBR Lab S-1. ID: 02005-OU 

Sample v t p ~ o l :  5 (g /d )  Lab ?ilo ID: >E9658 

Level: (lOW/m.d) Law Oat0 m i v o d :  02/01/96 

Moisturn: not doc. Date krr1yZ.d: 02/08/96 

GC Column: DB624 ID: 0.53 (BB) Dilution ?actor: 5 

Soil Extract Volumo: (-1 soil Aliquot Voluw: 

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 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
7 1-5 5-96 
56-23-5 
108-05-4 
715-2704 
70-87-5 
10061-0 1-5 
79-01-6 

79-00-5 
71-43-2 
10061-01-6 
7 S - a s 4  

l27- 

108-90-7 
100-41-4 
100-42-5 

114-48-1 

79-3 =@- lrn-88-3 

Qloromothana 
Brararathanr 
vinyl chlorido 
Chloroothano 
mthylono Chlorido 
A C o t O ~  
Carbon Di8ul f id. 
1 1-Dichloroothono 

trana-l,2-D~chloroothono 
cim-l,2-Dichlorwthono 
chloroform 
l,2-Dichloroathano 
2-Butanono 
1 1 1-Trichloroethano 
Carbon Totrachlorido 
Vinyl Acotato 

1 2-Dichloro ropano 

Trichlorooth~no 
Dib-1 ororothano 
1,1,3=Trichlororthano 
knrana 
~-1,3-DiChlOrOprOpllrO 
lrorof orm 
44mthyl-2-pontanono 
2-tIoxanone 
Totrachloroothano 

m u u ¶ o  
Chlorobantono 
Bthylbantono 
8- 

1 1-Dichloroothano 

Brarodichlororethano 

clm-183-Dich E oropropum 

1,182 8 7-TotrachloroathaM 

?OM I VOA 

so 
50 
50 
50 

8 
50 
so 

5 
50 

- so 
50 
50 
50 
50 

5 
so 
50 
so 
50 
50 

530 
50 
so 
50 
50 
so 
SO 
SO 
72 so so 
50 
50 
so 

3/90 Rov 



212383 DL 

u-2 
VOUTILB ORGANICS ANALYSIS DATA S m  

Lab HaBa: Taw?. Imxs Contract: 434286 

Lab Cod.: ;rclr Cam No.: 10033 SAS No.: 

Hatrix: (aoil/vater) WATER Lab S-1. ID: 02005-OU 

Sampl. vt/vol: 5 ( g / m l )  = Lab P i l o  ID: >E9658 

hv.1: (lov/lud) mu Date Roc0iv.d: 02/01/96 

SDG NO.: 212383 

Hoisturo: not doc. 
GC Column: DB624 ID: 0.53 (n) 
Soil Extract Vol-: 

-Date AMly8.d: 02/08/96 

Dilution Factor: 5 

Soil Aliquot Volum.: (W 

FORM I VOA-2 

13 3 0-2 0-7 Xylan0 (total) so 

3/90 Rev 



7 

e 

e 

212383 DL 

1B 
VOLATILE ORGANICS ANALYSIS DATA 8- 

TQlrrATlvtLY IDENTIIIED COW#WIWDS 

Contract: 434286 Lab #aw: M. m s  
Lab Cod.: Tcr -8. N o . :  10033 SAS NO.: SDC ROO: 212383 

Matrix: (8Ofl/V8tOr) WA- Lab S-1. ID: 02005-OU 

Samplo vt/vol: 5 ( W d )  . Lab Pile ID: >E9658 

-vel: i low/m&) LOW Data Roco6v.d: 02/Q1/96 
% Xoimturo: not  doc. .-to ArUlyz.4: 02/08/96 

CC Column: DE624 ID: 0.53 (mm) Dilution ?actor: 5 

soil Extract VO~UDO: (-1 Soil Aliquot Voluw: 

N m b o r  TIC8 found: 2 

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

10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19 . 
20 0 

21 . 
22. 
23 
24 
25. 
26 . 
27 . 
28. 
29 . 
30 

con#xIND NAXE RT 
16.91 
21.97 

- 

-_ 
.- 

Q 
1111 

J 
J 

mm I VOA-TIC 
- .  

3/90 R w '  



i 
+;T,:ze u 

w)LATIl,t ORGANICS ANALYSIS DATA SIQa 

212439 ' U b N a m a : & . f r O Q f S  Contract: 434286 I 
Lab Cod.: TCT Case No.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (soil/vator) WATER Lab Samplo ID: 02005-10A 
Sample vtlvol : 5 ( g / d )  = Lab Pi10 ID: >E9650 

&vel: (lov/med) fl))l Date RWaiVOd: 02/01/96 

8 Xoiature: not doc. 'Date h8lyZ.d: 02/07/96 

GC Column: DB624 ID: 0.53 (m) , Dilution Factor: 1 

Soil Extract Volumo: (-1 Soil Aliquot Volumo: (Ut) . .  

0 

74-07-3 
74 -8 3-9 
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 
107-06-2 
70-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
1006 1-01-5 
79-01-6 
124-48-1 
79-00-5 

75-2S-a 
1- 
591 
127 
79- 
108 
108-90-7 . 
100-41-4 

7i-43-a 
ioosi-oa+ 

zoo-4a-s 

Chloromothano 
Bromomothane 
Vinyl chlorido 
ChlO~than. 
xothylma Chlorido 
Acotono 
Carbon Disulfide 
181-Dichloroothono 
181-Dichloroethane 
tran8-l82-Dich1oroot8no 
ci8-1,2-Dichloroothono 
Chlorof o m  
l,2-Dichloroethano 
2-Butanone 
l,l,l-Trichloroothano 
Carbon Tetrachlorido 
Vinyl Amtate 
Brarrodichloromethano 
1 2-Dichloro ropano 

Trichloroothono 
Dibrarochloromethano 
l,18a-Trichloroothano 
b m Z U t 0  
~-1,3-Dichloropro~no 
Parof O R  
44fothyl-2-pntanono 
li-Eoranono 
9mtrachloroethono 
f ,  1,2 2Jhtrachloroo.than. 
Y8lUUt0 
Qlorobantono 
Bthylbanzur. 
s t m  

clm-l,3-Dich P oropropmo 

. .  
PoRn I VOA 

10 
10 
10 
10 

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 

a 

Q Asic 
U 
U 
U 
U 
eJ 
B 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
a 
L' 
U 
U 
U 
U 

J 

U 

3/90 Rov 



I 

VOUTILB ORGANICS 1 a-2 -ANALYSIS DATA SlittT 7';f) EPA S YZTL. 
I 212439 I @ LabNamo: . ' - . -S -  Contract: 434286 

Lab Cod.: 'lw -80 NO.: 10033 SAS NO.: . $#; NO.: 212383 

Hatrix: (moil /wator)  OJATER Lab Sample ID:  02005-10A 

Sample wt/vol : S (g/rl) la Lab Filo ID: >E9650 

L8v.l: (low/-) mu Dato R0coiv.d: 02/01/96 

Moiaturo: not doc. .-to Analytd: 02/07/96 

GC Column: DB624 ID:  0.53 Dilution Factor: 1 

S o i l  Extract Volurp.: Soil Aliquot V o l u r . :  

~~ 

13 3 0-2 0-7 Xylono ( t o t a l )  

KlRn I VOA-2 

10 

- 

R 

3/90 Rov 

L 



It 
VOLATILE ORGANICS ANALYSIS &UTA SHEET 

212439 
IDENTIFIED CO- 

r 

 ab #am: T&&. m~ Contract: 434286 

Iab Code: e cam. No.: 10033 SAS N o . :  SDG NO.: 212383 

Matrix: ( s o i l / w a t o r )  -TtR Lab Sample ID: 02005-10A 

Sample wtlvol: 5 (g /d)  Lab ?ilo ID:  >E9650 

kvol: ( l o w / m o d )  fxlw Dato Rocmivod: 02/01/96 
% Mohture: not doc. 'Dato Analytod: 02/07/96 

GC COlUnn: DB624 ID: 0.53 (nu) D i l u t i o n  Factor: 1 

Soil  E x t r a c t  V o l u m . :  (UL) Soil Aliquot V o l u m e :  . 

Number TIC. Zound: 3 (ug/L 01 ug/lQ) ug/L 
CONCENTRATION UNITS: 

0 

1. 1120214 
2. 
30 112403 
4. 
5 .  
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
29. 
26. 
27. 
28. 
29. 
30. 

?OM I VOA-TIC 

24.89 
26 . 08 
27.39 

BST. CONC. 

8 
6 
10 

3/90 Rov 



1B 
S-LATILE ORGANICS ANALYSIS DATA SHEET 

Contract: 434286 
I 212363 

Lab Coda: TCI- cam No.: 10033 SAS No.: SDG No.: 212383 

Xatrix: (aoil/vatu) WATER Lab Sarpl. ID: 2005-14A 

Samplo wt/vol: 1000 (g/=l) = Lab ?ilo ID: >DS3 14 

Levol: (lw/rd) mu Dato Rocoived: 02/01/96 

8 M O i 8 t U . :  decanted: (Y/N) N Dato Extracted: 02/06/96 

Concontrated -act VO~UBO: 2000 (uL) Dam -1yZ.d: 03/01/96 

Injoction Volu~o: 1.0 (uL) Dilution lactor: 1 

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

CAS NO. CouPOuND (W/L or w/W ug/L 

loa-95-2 
11 1-44-4 
95-57-8 
541-73-1 
106-46-7 
95-50-1 
95-48-7 
108-60-1 
106-440s 
62 1-64-7 
67-72-1 
98-9s-3 
78-59-1 
88-75-5 
105-67-9 
111-9 1-1 
12 0-8 3-2 
120-82-1 
91-20-3 
106-47-8 
87-68-3 

._ 88 

91-sa-t 
88-74-4 
13 1-11-3 
208-96-8 
606-20-2 
99-09-2 
83-32-9 

9s . 

Phenol 

2-Chlorophenol 
1,3-Dichlorobenzono 
1,4-Dichloroknzeno 
i82-Dichlorokn~uro 
2-Mothylphanol 

4-Mothylphonol 
W-N~trO8O-d~-n-prOpyl~~O 
Hoxachloroethano 
Nitrobonzeno 
180 horene 
2-# 'p trophonol 
2,4-Diwthylphanol 
bim (2-Chloroothowy) uth8no 
2,4-DichlorOph~ol 

Raphthalona 
4-Qloroani 1 in. 
Eaxachlorobutad ion. 
4-Qloro-3-mothylphul 
2-lt.thylnaphthalm. 
Raxachlorocyclopentadiene 

3-Qloronaphthalono 
2-Nitroanil in. 
Dhthylphthalato 
kana  hthylono 
2,s-D R ftrotolumo 
3-Hitroanilino 
Acuraphthono 

b h  (2-ChlOroethyl) EthU 

bi8(2-ChlO~O~8OprOpyl)OthU 

1 ~ 2 ~ ~ ~ ~ ~ c h l o r o b u h ~ ~ ~  

2 # 4 # 6-'.'rkhlorophenOl 
2r48S-TriCh10rOphUiOl 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
2 0  
50 
20 
50 
20 
20 

' 20 
50 
20 

- 

FORM I sv-1 

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 1 



c 

-k I 
1c 

S-IATILB ORGANICS ANALYSIS DATA SHEET 

212363 
Lab Naw: a. -8 Contract: 434286 I 
Lab Cod.:' l& c.u No.: 10033 SA3 No.: SDG No.: 212383 

Hatrix: (moll/vatu) WA- Lab S-1. ID: 2005-14A 

Samplo vt/vol: 1000 (g/rl) Lab Film ID: >D53 14 

Llev.1: (lou/rod) mw D8to Rocoived: 02/01/96 
* xoimtur.: docantd: (Y/N) If b t 0  -8Ct.d: 02/06/96 

~oncontratod mtract Volun: 2000 (a) D8- -1YCOd: 03/01/96 

Injoction Voluw: 1.0 (a) Dilution lactor: 1 
GPC Cloanup: (Y/N) N pE: 7 

CAS NO. con#wwD (W/L or Wltg) ug/L 

e 

51-28-5 
100-02-7 
132-64-9 
12 1-14-2 

7005-72-3 

100-0 1-6 
12 6-73-8 
534-52-1 
8 6-3 0-6 
10 1-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 
206-44-0 
129-00-0 

a 4 - 6 6- 1 

a6-73-7 

207-08-9 
50-334  
193-39-5 
53-70-3 
19 1-24-2 

?om4 I sv-2 

so 
50 
20 
20 
20 
20 
20 
50 
6 
so 
20 
20 
20 
50 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

5 
20 
20 
20 
20 
20 
20 
20 

- 

c Q 

U 
U 
U 
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 

J 

3/90 Rov 

. 



e -  

- I? 
SplffloLATILII ORGANICS ANALYSIS DATA SEEBT 

TpcpATfvQIY X D ~ X ? I ~  con#)UMDS 
C 

Lab N a w :  d I T . U W I 8  Contract: 434286 I 1 

Lab Coda: 'PICt CIH No.: 10033 SA3 No.: SDC No.: 212383 

Matrix: ( s o i l / v a t u )  WATER Lab S-1. ID:  ZOOS-14A 

Sample wt/vol: 1000 (g / r l )  Lab ?ila ID:  >D5314 

Level: ( l o v / r d )  Ixm Data Rmcaivd: 02/01/96 

a noi!Btura: docantad: (Y/N) N Data Bxtsactd: 02/06/96 

Concantratad Extract Volumm: 2000 D 8 t O  AMlyZ8d: 03/01/96 

Injoction V o l u r . :  1 .0  (uL) , Dilution Factor: 1 

CPC Claanup: (Y/N) N pH: 7 

N u m b e r  TIC* found: 19 

79016 
127104 

CoKmm NAME I CAS HUWBLR 

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

10 . 
11 . 
12 . 
1 3  
14  . 
1s . 
16 e 
17 . 
18 . 
19 . 
20- 
21. 
22 
23 
24 e 
25 . 
26. 
27. 
28 . 
3 0 .  
29 

?om I SII-TIC 

RT 

4-58  
7 .13  
8 -74  

19 . 16 
19 e 72 
20.26 
21.94 
22 55 
22.61 
22 96 
23 e 07 
23 22 
23.49 
23.56 
23-73 
24 . 04 

24 . 59 
30.97 

24 e 24 

BST.' CONC. 

98 
39 
18 
19 
37 
26 
34 

250 
27 
53 

510 
970 
180 
280 

1200 
2 10 
870 

83 
15 

Q 
J J  
J d  
J 
J 
J 
J 
J 
J 
J 
J 
J 
J 

3/90 Rev 



ID 
S m f A T I L B  ORGANICS ANALYSIS DATA 

Lab Nap.: -8T. W U I S  Contract: 434286 

h b  Codo: TCI Carno No.: 10033 SA3 No.: * SDG No.: 212383 

Matrix: (noil/wator) WATER Lab Smp10 ID: 2005-23A 

Samplo wt/vol: 1000 (g/rl) = Lab ?ilo ID: >DS3 13 

Level: (low/mod) LXIW Date Rocoived: 02/01/96 

8 Moisture: docant8d: (Y/H) N Dato Bxtractod: 02/06/96 

Concentratod Extract Voluw: 2000 (uL) Data Analyzod: 03/01/96 

Injection Volume: 1.0 (a)' Dilution ?actor: 1 

' 0  

a 

GPC Cloanup: (Y/W) N pa: 7 

CAS NO. COWPOUHD (UWL 011 W / W  ug/L 

10 
11 
9s 
54 
IO 
95 
95 
10 
10 
62 
67 
9a 
78 

ia 

ia 
ia 

ia 

80 

11 

91 

87 
5¶ 

18-9s-2 
sl-44-4 
47-8 
1-73-1 
16-46-7 
40-1 
1-40-7 
18-60-1 
16-44-5 
,1-64-7 
'-72-1 
1-95-3 
1-59-1 
1-7 S-5 
15-67-9 
.1-91-1 

10-82-1 
,-2 0-3 
16-47-0 
'-68-3 

10-03-7 

. .  

88-74-4 
131-11-3 
208-96-0 ' 

99-09-2 
83-32-9 

606-20-1 

Phon01 

2 -Qlorophonol 
1,3-Dichlorobonzono 
1,4-D~ch1OrObonZU~~ 
1,2-Dichlorobonzono 
2-Llothylphonol 
bia (2-Chloroinopropyl) o t h u  
I-M~thylph~n~l 
N-Nitroso-di-n-propyl~no 
€iurachloroothano 
litrekntono 
fro horono 

2,4-Dbothylphonol 
bi8 (2-chlor00thoxy) n+hlll. 
2,4-Dichlorophonol 
1,2,4-Trich1or0bonzono 
M8phthal.n. 
4-Qloroani lino 
Prurchlorobutadiono 
4-010ro-3-wthylphonol 
2-l(rthylnaphthalono 
mchlorocyclopentadiane 
2,4,6=Trichlorophurol 
l,4,S-Trichlorophurol 
2-Qloronaphthalono 
l-litroani 1 in. 
Dhthylphthalato 
ACOM thylone 
2,600 E itrotoluona 
3 dlitroani 1 in. 
Acomphthono 

bi8 (2-ChlOr00thyl) 

1-11 P trophmol 

?om I sv-1 

~ 

20 
20 
2 0  
20 
2 0  
20 
20 
20 
20  
20  
20 
20  
20  
20 
2 0  
20 
2 0  
20  
20  
20  
20  
20  
20  
20  
20 
50 
20 
so 
20 
2 0  
20 
so 
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 
0 
P 
U 
U 
U 

3 /90  Rev 



1C 
W L A T I L B  O M C S  ANALYSIS DATA 8HRT 

Lab N-: *. UItnS Contract: 434286 
0 

SIX, 

212373 

Lab Cob.; *- -0 No.: 10033 SAS N o . :  NO.: 212383 

Matrix: (ao i l /va tu)  WATER Lab -10 ID: 2005-23A 

Sample e / v o l :  1000 ( g / W  m# Lab ? i lo  ID: >DS313 

Lavol: (lou/mod) urn -to Racoivod: 02/01/96 

a M O i 8 t U O :  4ocurt.d: (Y/N) I D.+. &'tract&: 02/06/96 

Concontratod Extract V o l u r , :  2000 (uL) D8tO -1yt.4: 03/01/96 

Injoction V o l u m e  1.0 (uL) Dilution ?actor: 1 

5 1-26 -5 
100-02-7 
1 3 2 -64-9 
121-14-2 
84-66-2 

86-73-7 
100-01-6 
126-73-8 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 

86-74-8 

306-44-0 
129-00-0 

7005-71-3 

120-13-7 

84-74-a 

2,4-DhitrOphOnOl 
4-llitrophonol 
Dibuatofuran 

Diothylphthalata 
4-Chlorophonyl-phony1 mor 
?luorono 
4-Nitroanilino 
Tr ibuty lpho8phato 
4 8 6 - D i n i t r o - 2 - m o t h y l p l  
N - l t ~ t r O 8 & i p h o n y l ~ h  
4-Brosophonyl-phonylothu 
Burachlorokntmo 
Puatwhlorophonol 

Antkacmo 
Cubarol. 
Di-a-buty lphthalato 
?luorurth.no 
pyr.lw 
butylburr lphthalato 

2 , ~ - D i n i ~ O t o l U ~ O  

Phuranthrm8 

. *,3'-0ich 1 o r o k n z l d h  
- . I.ruo(a) urthracano 
-. ..- . .  +..- 

-. - . I, ':*= 

50 
so 
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 
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 
J 
U 
0 
U 
U 
U 
U 
U 



I? EPA SAMPLE NO. 

i 
fi>l& 8-LATILE 0RI;AwI:CS ANALYSIS DATA 

*- 212373 i IDQCTI?IH) con#IuNDS 

Lab Name: ~ 0 T . I m Y I S  Contract: 434286 

Lab Cod.: TCI Cau No.: 10033 SAS No.: 'SDG No. :  212383 

0 

Matrix: (aoil/vator) m m  Lab S-10 ID: 2005-23A 

Samglo */vel: 1000 ( g / W  Lab ?ilo ID: BO5313 

kvol: (low/mod) mW Dato Rocoived: 02/01/96 

8 nOi8tWO: dacantd: (Y/N) N Dato Bxtractd: 02/06/96 
Concentratod Extract voluu: 2000 Date AM1yZ.d: 03/01/96 

Injection Voluro: 1.0 (uL) Dilution ?actor: 1 

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

CONCENTRATfOW UNITS: 
Number TICm found: 0 (w/L or w / W )  ug/L 

CAS NullBBR 

1. 
2. 
3. 
4. 
5.  
6. 
7. 
8. 
9. 
10. 
11. 
12 . 
13. 
14. 
1s . 
16. 
17. 
18 . 
19 . 
20. 
21. 
22 . 
23 
24 
25. 
26. 
27 . 
28. 
29 . 
30. 

con#IuND NAnt RT EST. CONC. 0 
I____ 

?Om I SV-TIC 



212386 

lB 
SXZVOLATILE ORGMICS ANALYSIS DATA SEEBT 

Lab Naw: -ST. UnnS Contract: 434286 
e 

Lab Cod.: TCY -0 No.: 10033 SAS No.: - SDG NO.: 212383 
Matrix: (8oil/vat.r) WATER Lab Sa~plO ID: 02005-OIA 

>OS370 Samplo vt/vol: 1000 (g/=l) 1Q1 Lab ?ilo ID: 
L.v.1: (lw/r.d) fLm 0.t. 8.CdV.d: 02/01/96 

8 Xoiaturo: docantod: (Y/N) W - Dato Bxtractod: 02/06/96 
Concontratad -act Volumo: 2000 (uL) DatO &balySrd: 03/05/96 

Injoction Voluw: 1.0 (uL) Dilution lactor: 1 

GPC Cloanup: (Y/N) N pH: 7 45Lc- 
CAS NO. CoIBoQWD (W/L or ug/W ug/L 0 

108-95-2 
111-4 4-4 
95-57-8 
54 1-73-1 
106-46-7 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
70-59-1 
08-75-5 
105-67-9 
111-91-1 
12 0-8 3-2 
120-82-1 
91-20-3 
106-47-8 
87-68-3 
5 9-5 0-7 
91-574 
77-47-4 
8 
9 
9 
8 
1 
20846-8 
606-10-1 
99-09-1 
83-33-9 

Phurol 
bia (2-Chlor00thyl) War 
2 -Chloro hanol 

1,4-Dichlorokntur. 
1,2-Dichloroboncuro 
2--thy1 honol 

4-ll.thylphenol 

Hoxachloroathano 
N1trob.n~ on. 
Iao horone 
2-N P trophonol 
2 4-Dbothylphonol 
bla (2-Chlor00tho ) nthmo 

Naphthalono 
4 -Qlloroani 1 ino P 

~ehlorobutadiuro 

1,3-Dich P orobonruro 

bia(2-Q P oroi8opropyl)oth.r 
N-NitrO8Odi-n-prOpyl& 

2,4-D~chlorophuro Y 
1,2,4~iChlOrObllZ~ 

2,4,5-Trichloro enol 
3-Chlorona htha p" uro 
a-Uitroani P ino 
3-Uitroanilino 
Acumphthono 

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 
so 
20 
20 
20 
50 
20 

mRx I sv-1 

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 J J -  

L 
3/90 Rev 



1c 
S-UTILB O R G M I C S  ANALYSIS DATA SEXT 

I I 212386 ' P  

.Lab N a m :  -lT. UlmS Contract: 434286 

. 

j'r 
I 

SDG No.: 212383 Lab Cod.: TC2 -80 No.: 10033 SAS No.: 

Matrix: (moil/uatu) UATBR 

Sample vt/vol: 1000 ( Q / W  = Lab ?ilo ID: >OS370 

kvel: (lov/wd) mw DatO R0CaiV.d: 02/01/96 

Lab S-lo ID: 02005-04A 

8 Xoimtur.: decantod: (Y/W) It Dato Bxtractod: 02/06/96 

Concentrated Extract Volumo: 2000 (uL) Dato Ana1yt.d: 03/05/96 

I 
d 

Injoction Voluu: 1 . 0  (uL) Dilution ?actor: 1 

GPC Cleanup: (Y/W) W pa: 7 

CAS No. COC(#IOWD (UWL or W / W  ug/L 

0 

51-28-5 
100-02*7 
13 2-64-9 
12 1-14-2 
84-66-2 
7005-77-3 

100-01-6 
126-7308 
534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 

120-12-7 
86-74-8 

2 06-4 4-0 
129-00-0 
85-68-7 
91-94-1 
$6-ss-3 

86-73-1 

as-01-8 

84-74-a 

53-70-3 
19 1-24-2 

2,4-Dinftrophmol 
4-Nitrophenol 
Dikntofuran 
2,4-Dinitrotoluono 
Diothylphthalato 
4-Chlorophonyl-phony1 o t h u  
Iluorono 
4 - N i t r - i  1 
Tributylpho8phato 
4,6-Dinitro-2-~~ylphurol 
N-Witr08odiphm 1 - h  
4-Br-phony l-&nylmthor 
H u u c h l o r o b m r ~  
Pentachlorophenol 
Phonanthrono 
Anthracmo 
Carbarol. 
Di-n-but lphthalato 

pyrur. Dutylburt lphthalato 

brruo (a) urthracur. 
0 r Y - m  
b h ( 2 - B t h  lhmryl) thrlato 

Bum0 (b) f luoranthanm 
brrrro(k)fluoranthon~ 
burro (a) pyrono 

0-0 (a, h) anthracum 

Iluoran tK one 
3,3'-Dich r orobontidino 
Di-n-octy r phthala ph o 

fhduro( 1 , 2 , 3 - c b ) p Y r B  

--(9rh, i)prryl- 

?om I sv-2 

30 
50 
20 
20 
20 
20 
20 

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

5 
20 
20  
20 
20  
20 
20 

' 20 

AsL e. 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
tJ 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

J 

. 

3/90 Rev 



l? 
IDILIIpfATlIw ORGAMIC8 AUALYS18 DATA SEXXT 

.-- -Y IDQITIPIQ) -8 
>&- 

r,' . 

4 .  

Lab W a w :  *n.IOUIS Contract: 434286 

Lab Cod.: Tc+ C.U NO.: 10033 SAS #Om: .SDG No.: 212383 

Matrix: (moil/u;.tor) W A m  L8b 9-10 ID: 02005-04A 

Sample vt/vol: 8 1000 (Q/W L8b lila ID: >OS370 

Lav.1: ( l au /nd)  fxIw 08- R 0 C d V . d :  02/01/96 

8 H O i 8 t U O :  d.cantd: (Y/lt) R Dato Extracted: 02/06/96 

Concontratad Bxtract V o l u w :  2000 Data Analyzed: 03/05/96 

Injection V o l m e :  1.0 (uL) Dilution ?.&or: 1 

GPC Clranup: (Y/N) Y pR: 7 

Wurb.rTIC8 found: 22 

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

10. 
11. 
12. 
13 
14 
15. . 
16 
17 . 
18 
19 . 
20 . 
21. 
22. 
23. 
24. 
23 . 
26. 
27. 
28 . 
29 . 
30 . 

1- of totrachlorophuml 

oxfdo, tripPI.rryP- 

20 . 
21. 
22 0 

22 . 
23 
24 
24 
25. 
25 . 
25 . 
2s. 
25 . 
26. 
26 . 
26 
26 . 
33 . 

I 

7 

7 
I 

1 
a 

9 

4 
! 
7 
C 
1 

1 
3 

a 
a 

a 
)a 
ta 
I4 
L4 
13 

BST. coilc. 
17 
15 
17 
85 
35 
4s  
12 

- 

11 
12 

9 
59 
18 

130 
570 

38 
75 

1200 
47 
15 

680 
19 

9 

Q 
JBd 
JbAl P 
- 
_i; J d  J J 3 5. 

J 
J 
J 
J 
3 
J 
J 
J 
J 
J 

3/90 R.v 



1 .  

LabNu:.Td4T.llAll Contract: 434286 

lab Cod.: TC? ma. NO.: 10033 SA8 No. : SDG NO.: 212383 

Inatnmont ID: 59702X 
Lab Pile ID: >E9668 Init. CalFb. Data(.) : 01/07/96 

calibration Dato: 02/09/96 T i m o m  

GC Column: DB614 ID8 0.53 (D) 

Chlororuthano 
Bromomothano 
Vinyl chlorido 
Chloroothano 
Mothylono Qllorido 
Acetono 
Carbon Ofaulfido 
181-Dichl0rooth.n. 
l 8 1-Dichloroothano 
tra~-1,2-Dichlo~thono 
cia-l,2-Dichloroothono 
chloroform 

2-Butanono 
1 1 8 1-Trichloroothano 
Carbon Totrachlorido 
Vinyl Acotato 
Brorodichloromthano 

cia-1 3-Df ch! oropropur. 

Dibrorochloronthuw 
1,1,2Jhichloroothm. 
B8ntur. 
tra~-1,3-Dichloroprop.n. 
Bromoform 
4-X.thyl-2-pmtUrom 
2-E- 
? o t ~ c b l ~  

18 2-Dichloroothano 

1,2-DichlOrO r o w 0  
TriChi0-th- 

18 18 2 &3-0--0 
0 1 0  mlusu- 

e c t a t . 1 ,  

mw- 

X l l  o-or com~~undm muat moo 

law - 
-711 

1.144 . 760 . 514 
lo174 . 240 
2.790 
1.005 
1.947 
1.142 
1.241 
2.350 

. 380 . 662 
-676 
.482 . 778 
.366 
.647 . 493 

1-214 . 503 . 847 
.553 

1.114 
.360 
230 

-543 
e816 

1.039 
1 051 

.40S 

.866 . 509 
m 

1 278 

RRFOSO 

. 868 
1.343 
1. 052 
676 

1.341 
283 

3 . 457 
1.169 
2 332 
1.362 
1.426 
2.737 
1,496 
426 
726 
740 . 534 . 770 . 390 
. so1 

1.171 . so1 . 970 . 601 
1. 000 . 369 
259 . 526 
890 

1. Ob0 
1.109 . 430 . 937 . s4a 

E z m  

.IcIII 

. 648 

10: 23 12:42 

'HLIT 
RR? 

. 100 . 100 
- 

. 100 . 200 

. 200 . 100 

. 100 . 100 

. 200 
0 200 
300 . 100 . 100 . 500 . 100 . 100 
. 200 . 500 
400 . 500 . 100 
300 . ~ O Q  

zru 

tD 
22.2 
- 
@ 
17.8 
23.9 

19.8 

14.9 
16. s 
17.0 
€2.3 
9.6 
9.5 

1.0 
6. S 

0 1  
1.6 
3.6 

03 
14.6 
8.6 

2.6 
12.9 

3.1 
9.1 
1. 1 
5.9 
601 

. 8.3 
7.7 

r 

16. 3 

19.1 

10.8 

10.1 

-ma 
tD 

25.0 
25.0 

- 

25.0 
25.0 

25.0 
25.0 

25.0 
25.0 

25.0 

25.0 
25.0 
25.0 
15.0 
25.0 
25.0 
25.0 

25.0 
25.a 

25.0 
25. a 
25.a 
25.a 

25.0 

- - PORX VI1 VOA 3/90 



e 
7A-1 

V O U T I L R  CONTINUING CALIBRATION CIQclt 

N m :  m 1 8  Contract: 434286 

Lab Coda: 'TCI- _I  -8. NO.: 10033 SA8 NO.: SDG NO.: 212383 

Xn8trumant ID: 59702B Calibration Data: 02/09/96 Tim 
Lab ?ila I D :  >E9668 Init. calib. Ddta(s) : 02/07/96 

Heated Purga: (Y/N) M Init. calib. Tho.: 10:23 12: 42 
GC COlUrn: OB624 ID: 0.53 (n) 

80 QD - ~- 
___I_ -= 

comomlD 

ToluWa48 10. 5 
4-Bromof~uorobonaona 11.2 2 5 . 0  
1,2-D~chloroothan~-d4 1.051 1.125 7.0 

A 1 1  othar C O ~ U n d 8  8U8t m0 . B ? j  
- 

PORX V I 1  VOA-I 

a 

3/90 



U b  Cod.: Tc) a.0 No.: 10033 SAS NO.: SpG NO.: 212383 
Matrix: (roil/vater) WA- Lab Saw10 ID: 02005-1OA 

Saaplo wt,(vol: 5 (g/rl) Lab Pi10 ID: >E9650 

fAv.1: (lov/mod) mW Date Rocoiv.d: 02/01/96 
8 Moimturo: not doc. '~ato kra1yr.d: 02/07/96 

GC C o l m :  OB624 ID: 0.53 ( P I  Dilution lactor: 1 
Soil Extract Volumo: (UL) Soil Aliquot Velum.: (UL) 

71-07-3 
74-03-9 
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 
107-06-2 
70-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-03-5 
79-01-6 
124-48=1 
79-00-5 
10061-024 
7i-43-a 

m02s-a 

117- 
79-3 

108-90-7 
100-41-4 
100-42-5 

Chloro~ethano 
Bromomothano 
Vinyl chlorido 
Chloroothano 
Nothylono Chlorido 
Acotono 
Carbon Dimulfido 
l,l-D~ChlOrOOthO~O 
1,l-Dichloroothano 
tranS-l,l-DiChlOrOOthO~ 
cim-l,2-Dichloroo.tono 
Chloroform 
1, 3-Dichloroethano' 
2-Butanono 
l,l,l-Trichloroothano 
Carbon Totrachlorido 
Vinyl Acatato 
Br~~chloromothano 
12-Dichloro ropane 
Tr ichlorootheno 
D i b t a r o c b  lo r ornothan8 
1, 1, I-Trichloroothane 
k n r u m  
truu-l,3-Dichloropropone 
lsorof 011 
I-Wothy1-2-pontanono 
24oxanono 
-achloroothona 
1, 1,2 2-Totrachloroothanc 
f0lu.n. 
01orohntono 
Bthylburzeno 
styrum 

cim-1,3-Dich P oroproprru 

FORX I VOA 

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 

3/90 

U 
U 
U 
U m 
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 



k u - 2  
lmIATIu owes ANALYSIS DArA SEm? 

212360 DL 
L.b N a n :  e. m S  Contract: 434286 

Iab Cod.: 'm' Caw No.: 10033 SA8 No.: SDG NO.: 212383 

/. 

Hatrix: (aoil/mtor) UATXiZ 

Sampl. wt[vol: S (Q/W 
hv.1: (lw/Bod) Imt 

8 Moisture: not doc. 

GC COlUrn: D B 6 2 4  ID: 0.53 ( P I  
Soil Extract Volumo: (UL) 

L8b S-10 ID: 0200s-1U 

U b  Pilo ID: >E9659 
Dato Rocoiv.4: 02/01/96 

'-to Ana1yt.d: 02/08/96 

Dilution ?actor: 5 

Soil Aliquot Volur.: 

1330-20-7 Xylono (total) so 

- 

I 
c 

3/90 R w  



11 
VOLATILB ORGANICS ANALYSIS U T A  S E B t T  

TQITATIWLY IDENTIFIED COUFQUNWI 

I 212439 Contract: 434286 

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

Matrix: (soil/vator) WATtR Lab S-1. ID: 02005-10A 

Sample wtlvol: 5 (Wall = Lab ? i l o  ID: >E9650 
k v o l :  (low/mod) mW Data R0~0iv.d: 02/01/96 
8 Moisture: not doc. ‘Data Analyt.6: 02/07/96 

GC Column: DE624 ID: 0.53 (1Ip) Dilution ?actor: 1 

Soil Extract Volum: (UL) Soil Aliquot Volumo: 

Number TIC8 found: 3 

CAS HulIBtR 

1. 1120214 
2. 

4. 
5. 
6. 
7. 
8. 
9. 

10 . 
11 . 
12. 
13. 
14 . 
15. 
16 . 

-- 
3. ii2403 

17 . 
18 . 
19 . 
20 . 
21. 
22 . 
23 
24 . 
25 . 
26. 
27 . 
21 . 
29 I 
3 0 .  

24.89 

27 39 
26.08 

~- 

EST. CONC. 
-- 

1 
6 

.lo 

I VOA-TXC 3/90 Rov 



u 
VOfATILa ORGANICS ANALYSIS DATA SHEET 

@ Lab N m :  Tc+-IT. -8 Contract: 434286 

Lab Cod.: 'W -80 NO.: 10033 SAS NO.: sm 

7 212370 

No.: 212383 

Matrix: (aoil/wator) W A m  Lab Sarpl~ ID: 02005-20A 
Samplo vt/vol: 5 (g /d)  Lab ?ilo ID: >E9654 

fAv.1: (10v/ad) uw Dato R8coiv.d: 02/01/96 

Hoisturo: not doc. 'Oat0 kra1yt.d: 02/07/96 

e 

GC Column: OB624 ID: 0.53 (m) 
Soil Extract Volumot 

Dilution ?actor: 1 

(W Soil Aliquot Voluw: 

74-07-3 
74-03-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
75-35-4 
75-34-3 
156-6005 
156-59-2 
67-66-3 
10'1-06-2 
70-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-87-5 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 
71-43-2 
10061-02-4 
7s-2s-a ::::a. 117- 

79- 
108-3. 
10830-7 
100-41-4 
100-42-5 

Qlororothano 
Bro~omothano 
Vinyl chlorido 
Chloroothano 
mthylono Chlorido 
Acetono 
Carbon Disulf id0 
lr 1-Dlchloroothano 
traru-102-Dichloroothone 
Ci8-1,2-DiChlOrOOthOnO 
Chloroform 
1,2-Dichloroothano 
2-Butanon. 
~,lOl-Trichloroethano 
Carbon Totrachlorido 
Vinyl Acotato 
Brarodichloromathano 
12-Dlchloro ropano 

Tricbloraathono 
Dibrorochloromathane 
iOiOa-Trichloroothano 
DonZen. 
tr8n8-1,3-Dichloroprop.n0 
-f 011 
4-Hothyl-2-pontanono 
a-~oxanono 
%utr8chloroe thana 
1, l0 1 0  2-Totrachlorooth8n 
fo1O.M 
01oroknzono 
Bthylbanzono 
st- 

1,l-0ichlororth.n. 

ch-L, 3-0ich P oropropmo 

Q 

10 
10 
10 
10 
2 
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 

U 
U 
U 
U 
BJ 
B 
U 
U 
U 
11 
11 
U 
U 

0 
U 
11 
U 
U 
U 
0 
U 
0 
tl 
U 
U 
U 
U 
U 
U 
U 
U 
tl 

J 

PORN I VOA 3/90 Rov 



u-2 
VOUTIU ORGANICS ANALYSIS DATA S m  

Contract: 434286 I 212370 I 
no g, qb7c 

I I 

Lab Cod.: *TC? NO.: 10033 SAS NO.: SDG NO.: 212383 

Matrix: (.oiiimtot) UATXR 

Sanplo vt/vol : 5 (g/W KL Lab ?ilo ID: >E9654 

Lab S-1. ID: 02005-20A 

kvol: [lov/aod) W Dato R0coiv.d: 02/01/96 

8 Xoirturo: not doc. Date Arulytod: 02/07/96 
CC COl-8 DB624 ID: 0.53 (Q) Dilution ?actor: 1 

soil Extract Volum.: Soil Aliquot Volume: 

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

mIpI I VOA-2 

I 

3/90 Rev 



11 
VOUTILB ORGAWI- ANALYSIS DATA S m  

m A T I V B L Y  f D ~ I ? I K D  

@ C o n t r a c t :  434286 

t -  . -  7 0 6  

Lab Code:  'TCZ NO.: 10033 SA3 NO.: SDG NO.: 212383 

Matrix: (moil/vator) W A S  Lab S-1. ID8 02005-2OA 

Smpl. vt/vol: 5 (g/d) U b  ?ilo ID: >E9654 

Level: (lOW/B.Q) mu Dato R0caiv.d: 02/01/96 

8 Mohtur8: not doc. -0.- An8lyS.d: 02/07/96 

GC Column: DB624 ID: 0.53 (11) Dilution ?actor: 1 
Soil Aliquot Volur.: , Soil E x t r a c t  Voluw: (UL) 

Numbor TIC. found: 0 

0 

1. 
2. 
3. 
4 .  
5 .  
6. 
7. 
8 .  
9. 
10 
11 
12 . 
13 . 
14. 
1s. 
16 
17. 
18. 
19 . 
20 . 
21. 
22 . 
23 . 
24 
2s. 
26. 
27 
28. 
29. 
30. 

RT BST. CONC. 

3/90 Rev 



u 
VOUTIU ORGANICS ANALYSIS DATA SHEST 

LabNm:- . IIOQlS Contract: 434206 

. .  

i VBLK3682 

Lab Cod.: TCE -80 NO.: 10033 SAS NO.: SDG W o o :  212383 

Matrix: (moil/wator) W A m  Lab Samplo ID: llsA3682 
Sample wt/vol: 5 ( g / W  HL Lab ? i h  ID: >E9648 
kvol: (low/aod) frow 

8 Xoimturo: not doc. 

GC COluPn: DB624 ID: 0.53 (n) 
Soil Extract Volun: (W 

74-07-3 
74-03-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-0 
7 5-3 5-4 
75-34-3 
156-60-5 
67-66-3 
107-06-2 
70-93-3 
71-55-6 
56-23-5 
100-05-4 
70-07-5 
10061-01-5 
79-01-6 
124-48-1 
79-00-5 
71-43-2 

156-59-3 

75-27-4 

ioo6i-oa-6 
75-as-a 

127- 

108-90-7 
100-41-4 
100-42-S 

79-3 =it! 108-88-3 

chloroaothano 
Bromomothano 
Vinyl chlorido 
chloroothano 
nothylono Chlorido 
Ac.+onO 
Carbon Dimul f id0 
1, l-Dichloroothuro 
1, l-Dkhloroothano 
trana-l,2-Dichloroothono 
ci8-1,2-DichlOroothonO 
ChlOrofOrB 
1,i-D~chlororthanm 
2-~utanono 
1, 1 , I-Trichloroothano 
Carbon Totrachlorldo 
Vinyl Acetat. 
Bramd~chloromothano 
1 2-Dichloro ropano 
Trichloroothono 
Dibroaochloromothano 
lr 1,3-Trichloro&hana 
BurtUlO 
trrru-l,3-Dichloroptopono 
-F 0- 
4~thyl-2-pontanono 
O-Buunono 
Totrachloroethono 
l0 1,2,2-Totrachlor~thano 
roluuro 
'Qlorobontono 
llthylkn+ono 
styrum 

Chl,3-Dich P oropropono 

10 
10 
10 

io 
10 
10 

- 10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1C 
10 
10 
10 
10 

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 

.. 
FORM I VOA 3/90 Rev 



1- . .  

rn 1 0 6  
u - 2  EPA Smu NO. 

VOUTILt ORGANIC3 ANALYSIS DATA S H t a  

i vbIX3682 
Nan: -8T. -18 Contract: 434286 I 

Lab Coda: Tcp C.8. NO.: 10033 SAS NO.: S#; NO.: 212383 . .  
Matrix: (ooil/vator) WATER Lab S-1. 'ID: USA3682 

Samplo wt/vol: S (g/rl) Lab ?ilo ID: BE9648 

h v o l :  (low/m.d) U W  Dato Rocaivod: 
8 Moimturo: not doc. .Data Analyzed: 02/07/96 

GC COlUrn: DB624 I D 8  0.93 (m) Dilution Factor: 1 

(UL) Soil Aliquot Volum.: Soil Extract ~01umo: (UL) 

1330-20-7 ~yl.no ( t o t a l )  

?Om I VOA-2 

10 

- 

3/90 R8V 



11 
VOUTIIZ ORGAIiICS ANALYSIS OATA S€iEET 

m A T I V E L Y  IDENTf?IBD 
. Contract: 434286 i VBLI(3681 I 

SDG NO.: 212383 Iab Cod.: ‘rcT C.aa No.: 10033 SAS NO.: 
Matrix: (.oil/vatar) WATER Lab lampla ID: USA3682 

Uvol: (lov/mad) I&W Data Racoivad: 

- 

Samplo vt/vol: 5 ( g / W  1QI fab Fila ID: >E9648 

8 noirturo: not dac. -0.- ku1yS.d: 01/07/96 

e 

GC Column: DB624 ID: 0.53 (m) Dilution’ Factor: 1 

Soil Extract Voluw: ( UL) Soil Aliquot Volumo: 

Numbor TIC8 found: 2 

1. 
,2 
3 *  
4 *  
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13 . 
14. 
1s. 
16. 
17. 
18 . 
19 . 
20. 
21. 

23 . 
24 . 
25. 

27. 

30. 

220, 

26. 

28 
29 

~ 

?ON I VOA-TIC 

RT 
~ 

22 04 
19-14 

7 

14 0 
8 

. 

3/90 Rov 



u 
WUTIU O-ICS ANALYSIS DATA 8- 

Contract: 434286 

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 

74-07-3 
74-03-9 
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 
107-06-2 
70-93-3 
71-55-6 
108-05-4 
70-87-5 
1006 1-01-5 
79-01-6 
12448-1 
79-00-5 
71-43-2 

108- 

79-3 
108- 
10840-7 
100-4 1-4 
100-42-5 

56-23-9 
75-a7-4 

.10061-01-4 
7s-as-% 

0 u u u 
0 u u u u u u 
u u u 
11 u 
0 u u u u u 
0 u 
0 u u 

chloro~othano 
~romomothanm 
Vinyl chloride 
ChlorOoth8n. 
~othylono Chlorido 
Acotorn 
carbon Dimulf id. 
1,l-Dichloroothono 
1, I-Dichloroothan. 
tr~-l,2-DlChlOr0&h~ 
cim-l,2-Dichlorooth~ 
01oroforr 
1,2-Dichloroothano 
2-0utanono 
l,l,l-Trichloroothano 
Carbon Totrachloridm 
Vinyl Acetato 
BrosroBichloromothanO 
1 2-Dichloro ropano 
Trichioroothono 
D ~ r o m o c h l o r ~ ~ o  
1, 1 , 2 ~ i c h l O ~ ~  
Bansum 
ttuU-l,3-Dichl0rop~ 
lroroform 
4-Uothyl-2-pu1tanonm 
2-%.lturono 
'htr.chloroothanm * 

2,1,3,i-Totrachloroo+Ban. 
m1uul. 
Qloroknzono 
Bthylbontono 
8- 

cim-1 3-Dich P oropropono 

FORM I VOA 3/90 Rev 

1. 



. -  

u - a  
VOEATILB ORGANICS ANALYSIS DATA SEEET 

Contract: 434286 

tPA $-LE NO. 

i 1 VBLlU683 

Lab Cod.: 'Tcr  NO.: 10033 ,SA3 M o a t  SDC MO.8 212303 

Matrix: (soil/mtor) WATER L8b S-1. ID: MSA3683 

Samplo wt/vol: s ( W W  = ' fab P i l o  ID: >E9657 
LAv.1: (low/rod) oat. R0wiv.d: 

8 Moiaturo: not dac. *Data Analyt.6: 02/08/96 

CC Column: OB624 . ID: 0.53 (n) Dilution lactor: 1 

S o i l  Extract Volur.:  Soil Aliquot Volur.: 

~ ~~ 

1330-20-7 Xy1.n. (total) 10 

- 
3/90 Rov 



l& 
VOUTILE ORGAUICS AUALYSI& DATA S t r t a  

TQITATmLY IDK?ITIFIBD 

Lab Namo: TRJT. m S  

EPA SAKPLE NO. 

VBLK3683 i I Contract: 434286 

SDG NO.: 212383 Lab Coda: W C.8. NO.: 10033 SAS NO.: 

Matrix: (soil/wator) WATER Lab S-1. ID: MA3683 

Samplo vt/vol:  5 ts /a )  = Lmb ?ilo ID: BE9657 

Uvo1: (low/mod) -to Racdvd: 
8 Xoirturo: not doc. Dat. Analy8d: 02/08/96 

GC Column: DB624 ID: 0.53 (n) Dilution ?actor: 1 
Soil Aliquot Volum.: Soil  Extract Volume: (UL) 

CONCENTRATION UNITS: 
Number TIC8 found: 0 (W/L or u g / w  ug/L 

I 

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 . 
27 . 
28 . 
29. 
30. 

I 

FORM I VOA-TIC . 

RT 

3/90 Rev 
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-U uIALYS18 

L 

Lab n.wr w. m s  

7 
7 
7 
7 
7 
6 
7 
7 
7 
1 
1 
a 
1 
7 
7 

1 
7 
7 
1 
7 
1 
7 
7 
1 
7 
I 
I 
1 
1 
¶ 
1 
1 
1 

10 
10 
10 
10 

3 
10 
10 
7 

10 
5 
10 

10 
7 
10 
10 
10 
10 
10 

650 
10 
10 
10 
10 
10 
10 
10 
90 
10 
10 
10 
10 
10 

- a 

a 

mml I VQA 

- 
P 
P 
P 
U 
w 
U 

J 
J 

J 

J 

J 

u :  

U 

U 

U 

U 
U 
U 
(I 
U 

0 
0 
U 
8 
U 
U 
U 

U 
U 
U 
U 
U 

E ,  
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8ffi 100.: 212383 I& Cod.: *ms c.U NO.: 10033 SAS NO.: 

mtrix: (.oil/vater)’ lmm L8b 8-10 ID: 02005-1U 

Sarpl. vt/vol: 5 (WU) = L8b lil. ID: >E9651 - 
Lav.1: (lw/wb) fLm 0.- mil?&: 02/01/96 
8 Moiatur.: not doc. .D.- Wl y S d :  02/07/96 
GC Column: OB624 ID: 0.53 (P) Dilution ?actor: 1 
Soil Extr8ct Volun: (a) S o i l  Aliquot Voluw: 

~~~ 

1330-20-7 xylum (tOt.1) 10 

- 

3/90 Rnr 



FUISQ 5138485886 *. p.02 ? Q 6 

I 212:60 I 
C o n t r 8 c t :  434286 I -1 

Il\rkr TIC. f d t  1 

I I I I I I 
I CAsWtlo I I  t oQ(pouIIDyI)(L I n t usT.coIc.I 0 I 

I a.  1- IIL.(eh I m?ss I 13 I J IC 
I . a* I I .  I I I 
I 3. I I I I I 

I s. I I t I l l  
I a. I I I I I 
I 7 .  I I I -  I t 
I 8 .  1 I I I I '  
I 9 .  I I I I I 
1-10. I I I I I 
I 11. I I I I I 
I 12. I I f I I 
I i t .  I I I I I 
t 24. I I I I I 
I 1s. I I I I ' I  
I- 16. I I I I I 
I 17. I 1 I I I 

I I I I 
I I I I 

I S 8 .  I 
I 19. I 
I ao. I I I I I 

I I 8a. I .  I I I 
I I I I 

I I 
I aa. 4 
I as. I I I 
1 ab. t I 1 I I 
I ase b I I I I 

I I I I 
I I I 

I a@. I 
I 
I I I I 

t a t e  6 
I am* . I 
4 19. I I t I I 

I I I I 
I I 

. I 30 .  I 
I t I I 

( ~ o o o o o o o o o o o ~ o o o ( o o o o o ~ ~ o o ~ ~ o - ~ - - - ~ - o - ~ ~ ~ o ~ o o ~ ~ ~ o ~ ~ ~ ~ ~ ~ o o ~ o o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  

I 4. I I I I b I  



_ -  
I N u r :  - 0  UlQfa Contr8ct: 434386 

Lnb Cod.: 'Tc9 C.w No.: 10033 SAS No.: 8W NO.8 111383 

Matrix: (soil/tmtu) frb 88~pl.  ID8 01005-1U 

SaBpl. ut/vol: S ( W W  = frb Fila ID: >K9659 

fAv.1: (lw/.r.d) I m  D8tO ROc8iV.d: 02/01/96 

8 Moisturor not doc. 

Soil Extract V o l u n :  (UL) 

-a+. m i y t a :  01/08/96 

soil aliquot Volume: 

CC C o l u m :  08614 ID: 0.53 (P) Dilution ?actor: 5 

7 4 -8 7-3 
74-83-9 
75-01-4 
7s-00-3 

67-64-1 
7s-15-0 
7s-3s-4 
79-34-3 
lS6-604 
lS6-S9-1 
67-66-3 
107-06-2 
78-93-3 
7145-6 

108-05-4 

70-07-5 
10061-01-5 
79-01-6 

79-00-9 
71-43-2 

7s-09-9 

56-as-s 

7 +a 7-4 

114-40-1 

1-a-0t-i 

108-7 
100-414 
100-42-5 

r 
1 
r 
Y 

0 
0 
a 
1 
r 
t 
1 
a 
1 

1 
Ib 

0 

0 
0 

a 

0 m 

a 
a 

4 
9 
P 
I? 
u 
r 
14 a 
11 
'I 
U 

so 
so 
so 
so 
so 
43 
so 
so 
so 
so 
SO 
so 
so 
so 
so 
so 
so 
so 
so 
so 
s10 so so so 

so 
so 
so 
so 
66 
so 
SO 
so 
SO 
SO 

- 

U 
U 
U 
U 
U 
BI 
U 
U 
U 
U 
0 
0 
U 
U 
U 
U 
U 
U 
U 
0 

U 
0 
U 
U 
U 
U 
0 .  

U 
U 
U 
U 
U 

I 
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lmIATIu oRoMTc3 AyGYSIS  D A n  SlIItrt 

I& W . w :  I&UId Contract: 434286 I 212360 OL I 
I& Cod.: 'Tcr CI.. m.: 10033 SA8 No.: SDG NO.: 212383 

Matrix: (.oil /mt.r) UAm I& -1. ID: 02005-1U 

S u p 1 0  vt[vol: s ( W W  1Q1 L8b til. I D S  BB9659 

LW.1: ( lOu/W)  m D8to Rocoiv.6: 01/01/96 

Hoimturo: not doc. 'D8- A ~ l y r d :  01/06/96 

GC C o l u m :  OB624 ID: 0.53 (n) Dilution hutor: 5 

S o i l  Extract V o l u n :  (UL) soil uiquot V o l u w :  (UL) 

1330-20-7 Xy1.n. ( t o t a l )  SO 

- 

Q eLc 
I 
L 



u NO 
OOIATIll O R G u n c S  MALYSIS  MTA 8- 

212370 
Lab M a n :  e. -8 Contract: 434286 

SDG NO.: 212383 Lab Cod.: 'TCI No.: 10033 SA3 No.: 
Matrix: (soil/mtor) #A- Ub S-1. ID: 02005-20A 

Saapl. *pol: 5 (g/=l) Ub ?ilo ID: >t9654 

L8v.l: (lw/.wb) D.+. l ) r r r i V d :  02/01/96 

8 Moiaturo: not d.c. 

GC COl-: OB624 ID: 0.53 ( P I  Dilution tactor: 1 

Soil Extract Volunt (UL) 

'Data Arulyad: 02/07/96 

SOL1 Aliquot V o l u n :  

74-87-3 
7 4 -8 3-9 
75-014 
75-00-3 

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

67-66-3 
107 -0 6-2 
78-93-3 
71-55-6 
36-23-5 
108-05-4 

78-874 
10061-01-5 
79-01-6 
124-48-1 
79-00-9 
71-43-2 

75-09-3 

1s 6-59-2 

75-27-4 

*- 

. .  
lW301t 
100-414 
10042-9 

chloronthano 
Bmmomothano 
vinyl chlorido 
Qloro0th.n. 
~othylono Chlorido 
Aclrtono 
Carbon Di8ulf id0 
1,l-D~chlororth~o 
1,l-Dichloroothano 
+ruu-l,2-Dichloro8thum 
Cim-1,2-0ichlo~th~ 
Chloroform 
1,l-Dichloroothuro 
2-Butanono 
1,l,l-Trichloroothano 
Cubon Totrachlorida 
Vhyl Acetate 
~ i c h l o r o m o t h u m  
1 2-Dichloro ropanm 

Trichlonnthono 
Dibroaochloromothum 
l,l,l-Trfchloroothum 
mnsuto 
trana-1,3-0ichloropropu1a 
)parof orm 
4~yl-2-pontanono 
a-%rruro no 
~ c h l o r o r t h o n o  
f, 1,1, 2-TotrachlorootRum 
-1- 
a0rob .n t .n .  
Bthylbuuono 

&-1,3-Dich P otoprapuw 

10 
10 
10 
10 

10 
10 
10 

- 10 
10 
10 
10 
10 
1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
PO 
10 
10 
10 
10 
10 

a 
32 

U 
U 
U 
U m 
B 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
0 
U 
U 
U 
0 
U 
U 

J 

-1 
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I )10 u - 2  
VOUTIU ORGANICS ANALYSIS DATA SEKtT  iRf 047c 

212370 
firb Itan: 4 k T .  froQlb C o n t r a c t :  434286 

SDG NO.: 212383 Lab Cod.: .w C... NO.: 10033 SAS NO.: 

Matrfx: (soil/Wator) WAm Lab S-1. ID: 02005-20A 

Sampl. vt/vol: 5 (9/U) ?ul &b ?I10 ID: >t96S4 

L0v.l: tlov/md) Lm a+. R0coiv.d: 02/01/96 

% Moiaturo: not doc. at0 An81yt.d: 02/07/96 

CC Column: DB624 ID: 0.S3 (n) D i l u t i o n  Pactor: 1 

SO11 =r8Ct VOl-: Soil Aliquot V o l u w :  

e 

13 3 0-2 0-7 lqf1.M (total) 

l o  
?om I WJA-2 3/90 Rev 



\ 

L0v.l: (lw/wd) fLll 

xoir tunr  not doa. 

GC Column: DB634 ID: 0.53 (E) Dilution metor: 1 

8011 Uiquot Volun: Soil Extract vo1-: (UL) 

N u r k r T I C m f o w d :  0 

1. 

3. 
4. 
5 0  
60 
7. 
8 .  
9. 

10 0 

11 . 
12 0 

13 
14 
15 . 
16 
17 
18 
19 . 

a .  

10. 
a i .  
a2. 
a3 
a4 . 
ab. 
a@. 
a7 . 
a8. 
29. 
3 0 .  

RT m?. CONC. 

3/90 R.v 
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P. 1 0 6  

u 
V0-U ORGAcIIC8 MALYSIS DATA 8- 

212383 Lab #m: (rdrrr. UIDIb Contract: 434286 

Sampl. vt/vol: 5 (9 /W = U ?ih ID$ >E9681 

uv.1: (lw/wd) frow De+. Racdvod: 02/03/96 

a Moimturm: not doc. -kt. A t W Y t . 4 :  02/09/96 

CC Col\nnt OB624 XDt 0.53 (P) D W a t i o n  ?actor: 1 
Soil Bxtract Vel-: &il Aliquot Volurn: 

74-87-3 
74-83-9 
75-01-4 
75-00-3 

67-64-1 
75-15-0 
75-35-4 
75-34-3 
146-60-3 
156-59-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
78-07-5 
10061-01-5 
7941-6 

7940-5 

7s-09-1 

lad-40-1 

71-43-a 

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 
2 
10 
10 
10 
10 

3/90 Rrv 



b '  1 0 6  

1330-20-7 ry1.n. (t0t.l) 

t o ~ n  I VoA-a 

10 

. .  

I 

3/90 R.v 
I 



Hoiaturo~  not doc. Date A ~ l y s o d r  02/09/96 

OC C o l u m :  DD624 ID: 0 . S S  (-1 Dilutioa Pactor: 1 

I I 
I 
I 
I I 

;- 
I I 
I I 
I I 
I I 

I s. 
I 6. 
I 7 .  
I 8 .  
I 9. 
I 10. 
I 11. 

I 13. 
I 14. 
I is. 
I 16. 
I $7. 
I 10. 
I 1s. 

I it.  

I ao. 
I a i .  
I a t 8  
s m. 
I a). 
I a$. 
I a i .  
I aa. 
I as. 

I a48 

I 30.  

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

I I k I 1-1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
7 
1 
I 
t '  
1 
0 
& 
t 
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 



c 1 8 6  

Matrix: (.oil/wator) =TIER fab S-10 ID: 02005-OU 
3-10 V+lVOl: S ( W U )  KL Xab Pilo ID: >E9658 

Lnt.1: (lov/rrd) Xm O.+. m i V . d :  02/01/96 

I(oimturm: not doc. '08- mlwd: 02/08/96 
GC C01-t DW24 ID: 0.53 (P) Dilution ?actor: 5 

Soil Ibrtr8ct Volun: s o i l  Aliquot Volun: 

74-87-3 
74-83-9 
75-01-4 
75-00-3 
74-09-2 
67-64-1 
75-15-0 
75-3s-4 
7s-34-3 
156-60-5 
156-S9-2 
67-66-3 
107-06-2 
78-93-3 
71-55-6 

100-05-4 

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

79-00-6 
7143-a 
10011-Qli 

56-33-3 

75-a7-4 

ia4-48-1 

- +  ... - . -  , 

1- 
1003017 
100-41-4 
100-4a-s 

Chloro~ohano 
BraBoDoth8n. 
vinyl chlorido 
010rooth8n. 
mthylono Chlorido 
w t o n o  
cubon Dimlfido 
i,l-Dichfororthuu 
1, 1-Dichloroothano 
truu-l,2-DichloroOthUlO 
cia-l,2-Dichlor#thanO 
chloroforr 
1,2-Dichloroothano 
2-But8nona 
1, 1,l-Trichloroothano 
cubon Totrachlorido 
v-1 Acotat. 
Bmmdichloromothano 
1 a-Dichloro roparm 

Dibrom&lorbwthu¶a 
i,l,a-Trichloroe~ 
Bans.# 
traea-1,3-Dichlorap~ 
m f  o m  
44Wt8yl-2-pmtanono 
2-rn 
¶btr8chloroothono 
a, 1, a 0 2 + o t r a c h l o r o o ~  
muam 
010toburrm. 
rthylbumur. 
s t y n #  

ci.-1 3-Dich P oropropum 
Tridrio-thm. 

50 
so 
50 
50 

8 
so 
50 

5 
50 
SO 
so 
50 
SO 
50 

5 
50 
50 
so 
50 
so 

530 
50 
so 
50 
50 
50 
so 
50 

50 
50 
50 
so 
60 

- 

7a 

- 
U 
U 
P 
U 
B J  
U 
U 
J 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 

TJ 
U 
0 
U 
U 
U 
U 

TJ 
0 
U 
U 
0 

J 

7 

3/90 



~~ 

13 30-20-7 xylu# (total) 

?om4 I vo1-2 

30 

- 

I 
c 

3/90 R+v 
. .  



1 0 6  

a 

N u m b u T f C .  found: 2 

1. 
2. 
3 0  
4.  
5 0  
60 
7 .  
a .  
9. 

10 0 

11 0 

12 . 
13 
14 . 
15 
16 . 
17 
18 
19 . 
t o  . 
a i .  
a i .  
a3. 
14. 
13. 
16. 
17. 

as. 
38. 

30 

ra. COIC. 
74 

190 

- 
Q - 
J 
J 

3/90 R.v 



p. 7 0 6 -  

mtriw: (.oil/mt.r) WATIR I&b -1. ID: 0200s-04A 

C0ncurtr . t .d  mtract Voluwt 2000 (UL) Ih.1yt.d: 03/0$/96 

Injection Voluwt 1.0 (a) Dilution ?actor: 1 

108-95-2 
1x1444 
95-57-8 
54 1-73-1 
106-46-7 
95-50-1 
96-48-7 
108-60-1 
106-44-5 
621-8407 

98-95-3 
78-59-1 
88-7s-5 
lOS-67-9 
111-sa-1 

120-82-1 
91-20-3 
1 0 6 4 7 4  
8748-3 

$7-ti-i 

120-83-a 

FOR4 I sp-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 so 
20 so 
20 
30 
20 
50 
ao 

P 
[I 
D 
U 
P 
0 
0 
U 
U 
U 
U u 
U 
U 
U 
U 
0 
0 
P 
0 
0 
U 
U 
U 
0 
U 
U 
U 
U 
U 
U 
U 
0 

3/90 Rav 



contract: 434286. 

51-28-5 
100-02 ‘7 
132-64-9 

84-66-2 
7003-72-3 
a6-7 3-7 
100-01-6 
126-7308 
534-52-1 
86-30-6 
10 1-55-3 
118-74-1 
87-06-5 
83-01-8 
120-12-7 
8 6-7 4 -0 
84-74-2 
206-44-0 
129-00-0 

12 1-14-a 

193-394 
53-70-3 
191-24-2 

50 
so 
20 
20 
20  
20 

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

S 
1 0  
20 
20 

20 
20 

’ 20 

ao 

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 

J 1 
I 

3/90 Rav 



- &>373 I 

3 1 3 ~ ~  
68 

SoQItounLl ORGANIC3 INITIAL CALIBRATIW DATA' I 

I 

Lab #.w: -8T.IMIS contract: 434286 

Lab Cod.: C.H NO.: 10033 SA8 NO.: SDG NO.: 212383 

Instru~ont ID: 597010 calibration Qat.(.): 01/39/96 03/01/96 

Calibration T h o :  22:36 02:24 

ID: oaor 

4 

COIBOU 

Phon01 
bi6 (20- 
2-Chloro 
1 # 3 - D i c h  
1 # 4-DiCh 
1 # I - D i c h  

bi8 (2- 
4-Plathyl 
N-NitrO8 
H.%8chlO 
Nitrokn 
1.0 or0 

2 I 4-Din 
bi8 (2- 
2 # 4-DiCh 
lt2#4-Tr 
Naphtha1 
4-Chloro 
Hoxachlo 
4-ChlOrO 

Hoxach "ao"r' o 
2'4 # 6-Tr 

l-chloro 
I-llitrom 

- 
2-a.thy1 

2-N ph trop 

ar4 ,5+  

0-1 :Za 
4-ritrog 
Diknrof 

N 
I 

1 
P 
1 
1 
1 
P 
1 
0 
a 
c 
a 
n 
h 
t 

4 

I 1  1 

a 
Y 
IX 

n 
1- 

Ir 
L 
'L 
In 

I 
Ib 
'U 

- *  1.4 
mmthy1)Bthu 1.3 
mol 1.3 
lobmr.n. 1.6 
~ O k n Z U w  1.6 
bobontona 1.5 
mol 1.0 
boiaopropyl) othor I 1 . 3 
mol 1.1 
li-n-propylamino -9 
,than. .6 
Y 04 

- 8  
rOl 02 
,lphurol . 3  
'-tho )-than. .s  

03 
-4 1loroburr.n. 

t 1.1 
,lim 
utadiano 
mothylphurol . 3  
Ihth.lUn .7 
clopur+.dium I 01 

.4 

.4 
1.2 

Wh-0 Y 

w 
3 . 0  

I - 4  

Ln 1.8 

* .  . 3  

1.2 

20 

22 
80 
52 
21 
51 
45 
81 
98 
16 
88 
94 
37 
17 
76 
97 
19 
85 
65 
79 
41 
66 
76 
67 
87 
10 
1s 
91 

130 
147 
87 

4s 

R 

ga 

sa 
121 
tsa 

m?O50 

1.305 

1.254 
1 471 
1 493 
1.386 . 975 
1 e 013 
e 920 
653 
410 . 777 

.374 
470 . 377 
440 

1 060 
300 
361 . 363 
681 
.281 

484 

- 
1 . 197 

1 . 377 

. 334 

.451 

1.234 
-391 

1 $53 
1 837 . 387 

1.14d 
e 081 
0 111 

1 721 

nia- 
n i M I  

.44a 

. RRI16oI >OS307 

RRl080 

1.313 
1.222 
1.210 
1.393 
1. 421 
1.291 . 979 
1.4- 
990 
904 

0 603 . 404 . 758 
0233 . 361 . 472 . 360 
413 

1.001 
368 
.237 
.3S1 
.6$5 . 300 . 433 . 449 

1. 136 
389 

1.471 

- 

1 . 684 
.383 . 460 

1.06S . 214 . 111 
1. 6aa 

zzsiz 
Ip 'oil 

?OR)( VI m-1 

. .  

m n 2 0  

1.171 
1. 141 

1 292 
1. 148 
923 

1.433 
.939 
891 
564 . 374 . 737 
. 337 . 447 . 343 . 373 
89s 
376 . 21s 
0316 

30.7 
424 . 443 

1. 053 

1.371 
1.513 

- 
1.343 

1 .am 

. 321 

. sra 

.4ia 

. 371 . 47a 

.94a 
13Y 
131 

1.461 

m . 010. 

W160 - 
1.1S8 
1.104 
1.004 
1.152 
1.136 
1. 018 
868 

1.431 . 811 
866 . SO7 . 349 
724 . ai1 . 321 . 417 
-313 . 339 
814 
-364 
-199 
-302 . s33 . 386 
.4ia 

. 97a 400 

406 
1. 236 
1.422 . 343 . 457 
863 . 157 . 134 

1.344 

E Z r  

m 
.-=I= 

1.288 
1 215 
1 192 
1.385 
1 399 
le 278 
.96S 

1.394 
.974 
914 
604 

' 0395 
.763 
.235 
.358  
.465 
.356 
.406 
.990 
. 3 3 0  
.236 
.342 
.645 
.274 
426 
.438 

1.137 
.400 

1.453 
1.701 
.374 
.456 

1.0s2 
.lo4 
.110 

1.599 

,I U I I P  

7.5 '  
8 . 4 *  
10.9* 
12.9' 
14.0' 
16.0' 
8.2. 
4.8 I 
11.5' 

3.0' 
12.14 
8.6' 
4.9' 
10.5' 
8.4+ 
8.0+ 
8.1' 
12. 5' 
14.3' 

17-61 12.4 
9.3' 
14.2. 
17.91 
4.0' 
7.4' 
11.1' 

1::: I 
14.7. 

S.0'  &* 
12.0. - 1 



. 
c 7 0 4  

1. 
2. 
3 .  
4. 
50 
60 
7 0  
80 
9. 

10 0 

11 0 

12 0 

13 
14 
IS 
16. 
17 
18. 
1s. 
ao. 
ai .  
aa. 
a3 .. 
a4. 
as 
a7. 
18 

28. 
29 . 
30 

75854 
363804 

79016 

2 Sol3 165 

is6ssoa 
i a 7 i u  

m o  COIC. 

17 
13 
17 
85 
3s 
4s  
12 
11 
12 
9 

59 
18 

130 
S70 

38 
7s 

1200 
47 
1s 

680 
19 

9 

3190 R.v 



t *  

I& I l . w r  ‘ - 8 V o I M I 8  Contr8ct: 434286 

Lab codor.= C... NO.: 10033 SA8 NO.: S#; NO.: 212383 

Instruwnt ID: 5970lD C.libt8tiOn D8t.t 03/01/96 T i m :  10:38 

Lab Pilo ID: >OS311 fnit. C.1ib. -to(.) : 01/29/96 03/01/96 

fnit. -lib. T-: 

1.433 
631 

1. 160 . 156 
4 160 . 111 . 479 
280 

.957 . 537 
1.434 
1 081 
1-954 
1.130 
138 

1. 209 
1.393 
3 034 
1.664 

1.167 
844 . 610 
766 

409 

1.168 

1. PO2 
188 

l 0890 

. 134 

. loa 
1.018 

1.357 

1.216 

- 
1.241 

1.313 

i.am 

w o s o  

. 697 
1.292 
132 

4,441 . 116 . 47s 
.236 

. 075 
1.030 . 990 . 559 

1.076 

- 
1. saa 

. 176 

i ~ s a  

i . 921 
1.111 

1.351 

1.381 
3.363 

143 

1.395 

1.199 
1.146 
1.l23 . 716 

0 6S6 
606 

. 371 
1.34a 
1.044 
1.403 
1.166 . 194 
1.354 

- 

.961 

E r m  
U-l 

lur 
RR? 

400 . 900 
- 

. 100 . 100 . 050 . 700 
700 

600 . 600 

800 
700 

700 
700 
700 . 500 

. SO0 

. 200 

. 40a 

. toa . soa . 8oa 

. 4oa 

3Ta 

I 

. 60B 

804 

10.5 
11.4 
15.4 
6.8 
4.51 
09 & 

4 . 

3.5 
3.3 
1- 3 

- .’I 
1.6 

- 6  
3.4 
04 

15.3 

3.7 
11.6 

7.5 
20.9 

8 . 3  
8.5 
10.4 
6.0 
5.8 
5.0 
7.3 
8.1 

r 

- 

02 : 24 

Azlx 
a0 

25.0 
25.0 

- 

25.0 
25.0 
25.0 
25.0 
15.0 

25.0 
25.0 

25.0 
25.0 

25.0 
25.0 
25.0 
25.0 
2s. 0 
25.0 - 
25.a 
25.a 
25.a 
25.a 
25.a 

25.a 
25.a - 

3/90 



O L '  

w120 

1.764 
le417 
le400 
le527 

le436 
1. 157 
1 e 896 
1.286 

- 
1 600 

1.087 
673 
463 

e 850 . 251 
e 399 
0 547 
e 373 . 440 

1.221 . 590 . 302 
371 
758 . $30 

e 549 
48J 

1 e 274 
e 444 

1.839 
e 354 

1.201 

e 181 
1,819 

m 

i 55a 

334 

344 

' 1 0 6  

Lab R a n :  -UTefioaf8 Contract: 434286 

Lab Codoi 'TCI Roe: 10033 SAS No.: * SDG No.: 212383 

Instruront ID: 497010 calibration -to (8) : 03/04/96 

calibration Timom: 14 : 09 20: 17 

ID: w m  >D5349 
RR?080= >OS351 RRIl2ol >OS352 . -16- >OS353 

W O 5 0  

le633 

le 358 
1 e 587 
l e  647 

- 
1-357 

1 . 534 
le 193 
le891 
1.237 
le041 
.67g . 44a 
e 844 
e 244 . 389 
526 

0 374 

1.173 
45a 

. 3ia e 514 

e 361 . 76! . 484 
e 491 
517 

1 244 
e 384 

1.5M 
1. 814 

364 
e 151 

1 . 23t 
0 204 
17: 

le78¶ 

?Ta= 

w o o 0  

le730 
le421 
le414 
1 590 
le633 
le 505 
le 197 
1-91) 
1.287 
1.083 

- 

673 
467 

e 853 
e 241 . 384 
e 53a 
367 
440 

1 214 
564 

e 304 . 367 
e 523 
e 5lI . $31 

1.264 '. 444 
1 e 584 
1 e 72Y 
381 

e 22: 

. 761 

1 2 a ~  
214 

i. 
. 17! 

nbum RIV of 0.010. 
V I  sv-1 

W l 6 0  - 
le756 
1.314 
le387 
1.407 
1-565 
1. 347 
1.110 
2.231 
1.269 
1 067 
652 
450 
-839 
-24s . 388 
0 558 . 376 
436 

le 188 . 590 . 291 
-358 
75a 

s a  
e 494 

e 484 
1.256 

e 43s 
le543 
1.869 . 34s . 394 
1elSC 
251 

e 184 
1-79] 

KAP 
-m= 

1.720 
1.409 
1.379 

1 . 60s 
1.460 
1.169 
1.98s 
1.254 
1.072 
.668 
.457 
.a47 
.252 
,389 

.369 

.439 
1.199 

1.544 

. 5 4 a  

.54a 

. 3 o a  
' .361 
.753 
.49s 
.517 . 502 
1.26: 

. 42 (  
1.54; 
1.825 
.36C 
.231 
1.204 
.21: 
.17: 
1.80! 

- 
RSD 
-I= 

3.0 
6.0' 
2 . 4 *  
2.8* 
2.1* 
4.9. 
3.1f 
7.11 
3 . 3 +  
1.7* 
1.4+ 
7.7. 
.7+ 

6.2+ 
1.5* 
2.3+ 
2.3. 
2.0+ 
1.6* 

2.5 
2.S+ 
1.9+ 

7.3+ 
4.4+ 
.9+ 

5.7 1.7 I 

5.51 

2.7+ 

6.7 
1.04 - I 

3/90 



7c 
collTooDlwG CALfblUTIoI 

. Lab N a n :  -S?.tarn8 Contr8ct: 434286 
- 

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

In8truwnt ID: 597010 Calibr8tion Dato: 03/05/96 T-: 10:s~ 

Lab ?Uo, ID: ~05367 Init. Calib. at.(.) : 03/04/96 

4 

Init. Callb. T i n o r  

h11 1u.t 1.4 
IC 

nw - 
1 584 
763 

1 280 

5 . 540 
. 203 
168 

e 498 . 273 
342 
-218 

1 . 154 
1 069 

504 
1.534 
1 229 
1 594 . 80s 

1.2W 
.231 

1.264 
1.046 
1 837 
1 . m  

. m a  
1.247 
1 054 

.787 . 83! - . soa 
1.434 
1.193 
1.657 
1.317 . 30a 
1. 383 
984 

rii 
a V I 1  

- 
RWObO 

1.570 . 793 
1. 364 

6-161 
174 
469 

e 278 . 336 
198 

1.140 
1 087 
681 

1 487 
1 113 
le680 
837 . 10s 

- 
ai0 

1.362 
1.321 

1.306 
i . 033 
1.066 
1 789 
le 168 

1 014 . 791 
. -844 

. 494 
1.467 

la64g 

. 384 
1.011 

- 
iea4a 

1.391 

1.11~ 

rn v-a 

14 : 09 

lm- 
W - 
400 . 900 

100 . 100 
e 050 
700 
700 

600 . 600 
. 800 . 700 
. 700 
700 
700 
500 
400 
500 - . aoo . 70a . soa . roa . 6oa 

. 804 . 4oa 
x-4 

QD 
_I_ 

- 9  
3.9 
6.5 
4.0 
11.2 

3 . 3  
5.8  
1.7 
1.6 
9.0 -4 
9.4 
5.4 

& 
- 3  

3.4 
2.0 
2.6 
3.5 
3.3 
2.0 
3-0 

- 5  
1.1 

1.5 

3.9 
07 

4.0 
1.9 

- 
a . 3  

3.0 

3.5 

r 

20:  17 

%D 
-I 

25.0 
25.0 

25.0 
25.0 
25.0 
25.0 
25.0 
b 

25.0 
25.0 

> 
25.0 
25.0 

25.0 
25.0 
25.0 
25.0 
25.0 
25.0 - 
25.0 
25.0 
25.0 
25.0 
25.a 

25.a 
25.a 

* ,  

2 

3/90  



. 

p- 

138943 
111970 
150821 . 
172940 

R T I  - 
23 63 
24 13 
23 13 

- 
23 63 
23 64 
23-64 
23.65 

d 

Lab W 8 n ;  - 8 T . m S  

Lab cod.: rer C.W lo.: 10033 

Lab ?flo I D  (Standard): >OS312 

In8trusont ID: 597010 

Contract: 434286 

S M  NO.: SDG NO.: 212383 

08- An8lyz.d: 03/01/96 

T h  An8lyz.d: 10:38 

-#I IT I R T I  
u=..==.l 

34 .96 -  
3 5 . 4 6  
3 4 . 4 6  
1=111- 

184 166 

92083 
36a33a 

a0704 
161408 

403S2 

KQA sAI(pL8 m. 
-.-- I 

212373 
212363 

212363 NSD 
21.2363 MU 

1 

3 
4 
3 
6 
I 

9 

11 

1 3  
1 4  
1 3  
16 
1 7  

19 
2a 
21 

a 

a 

i a  
i a  

i a  

27 

30 79 
30.76 

I 

I 

- 

I 



:1 

=A SMPU 110. 

i 212363 CIS I 
Lab C d o t ’ i d  c.W NO.: 10033 SAS Woo: . SDG No.: 212383 

Matrix: (.oil/v8tu) - Lab Supla ID: 2005-14~ 

Sampl. vt/vol: 1000 (9/W = Lab ?ilo ID: >OS315 

mv.1: (lav/wd) law D.+. R0COiV.d: 02/01/96 

8 Moirtur.: docantad: (Y/R) I . -8Ct.d: 02/06/96 

Concontratd &tract Volun: 2000 (uL) Data Anrrlyrd: 03/01/96 
Injoction Voluv: 1.0 (uL) Dilution ?actor: 1 
GPC C1.urup: (Y/N) I pa: 7 

ma 110. - (rag/% 05: Uq/w W L  

100-9 5-2 
111-44-4 
9s-57-0 
541-73-1 
106-46-7 
95-50-1 
95-48-7 . 
100-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
70-59-1 
80-75-5 
105-67-9 
111-91-1 
12 0-0 3-2 
110-01-1 
91-30-3 
106-4 7-0 
07-68-3 
SS-SO-7 
9 1 4 7 4  

99-09-2 
83-33-9 

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 so 
42 

- 

Q - 
tl 

U 

U 
U 
U 
U 

U 
P 
U 
U 
U 
U 
U 

U 
U 
U 

U 
U 
U 
U 
u 
U 
U 
U 
U 
U 

- 
loRn I sp-1 3/90 Rrv 



. 
L 8 b C o d m f W  Hoe: 10033 SA8 NO.: SDG NO.: 212383 

mtrir: (.oil/vrtu) UAm L8b -10 ID: 200s-l4A 
Sarpl. vt/vol: 1000 ( g / W  1Q, U b  ?ilo ID: >DS3 1S 

kv.1: (lav/Dod) Xml mta mi-: 07/01/96 

a Hoi8turo: docantod: (Y/H) I 01- 02/06/96 

Concontratd Extract volun: 2000 (uL) D.tO Aalr1Yt.d: 03/01/96 

51-20-5 
100-02-7 
132-64-9 
12 1-14-2 
84-66-2 
7005-72-3 
86-73-7 
100-01-6 
12 6-7 3-0 
534-52-1 
86-30-6 
10 1-55-3 
118-74-1 
07-86-5 
85-01-0 
120-12-7 
06-74-0 
04-74-2 
106-44-0 
129-00-0 
os-68-7 
91-94-1 
-O-t 

X93-3s-g 
$3-70-3 
isi-a4-a 

.- 

~ R X  I sv-a 

50 
61 
20 
30 
20 
20 
20 
so 

S 
50 
20 
20 
20 

-30 
20 
20 
20 
20 
20 
53 
20 
20 
20 
20 
4 

20 
20 
20 
20 
20 
20 
20 

Q - 
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 

J 

- 
' 3 / 9 0  Rov 



ln rtPA no': 
8 - w  OREWTCS ANALY818 M T A  WRI 

I 212363 ClSD I .&- 
L.b I . w r  IMI8 Contract: 434206 

100-9 5-2 
111-44-4 
95-57-0 
541-73-1 
106-46-7 
9s-50-1 
9s-48-7 
100-60-1 
106-44-5 
621-64-7 

98-95-3 
78-59-1 
88-7s-$ 
105-67-9 
111-91-1 
120-03-2 
1ao-02-1 
91-20-3 
106-47-0 
07-68-3 
59-$0-7 
91-374 
7747-4 

67-7a-i 

55 
20 
57 
20 
37 
20 
20 
20 
20 
46  
20 
20 
20 
20 
20 
20 
20 
40 
20 
20 
20 
51 
20 
20 
20 
50 
20 
50 
20 
20 
20 so 
40 

- 

U 

P 

P 
P 
P 
P 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

?om I sv-1 3/90 R.V 



L8b c o a . ; ~ ~  100.: 10033 8AS MO.: SDG NO.: 212383 

mtrix: (aoil /w8tu) UATm L8b -1. ID: 2005-l4A 

S u p l .  */vel: 1000 ( 9 / W  L8b ? i l o  ID: >OS316 

fAv.1: (lw/r+d) UIT 08- m i V d :  02/01/96 

8 Moi.tur.: decantodt (Y/B) N * 08- -8Ct.d: 02/06/96 

concontratod -act Voluw: 2000 (uL) 08- -1yZd: 03/01/96 

Injoctfon Volurw: 1.0 (a) Dilutioa ?actor: i 

si-a#-s 
100-01-7 
i3a-64-s 
iai-14-a 
~ - 6 6 - a  
700s-71-3 

34-91 -1 

86-73-7 
100-0 1-6 
11 6-7 3-0 

86-30-6 
101-55-3 
118-74-1 
87-664 
85-01-8 

86-74-8 - i a  0-13-7 

m-74-a 
306-44-0 
1aS-oo-o 
89-68-7 
91-94-1 

90 
99 
20 
36 
20 
20 
20 
SO 
9 

SO 
20 
20 
2 0  

110 
20 
20 
20 
20 
20 
99 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 

- 

( 5  

ao 

POIIS I sv-a 3/90 Rov 
,7 



e 

m 

I 
I I 212363 Contract: 434286 

Matrix: (aoIl /vatu)  WATBI L.b -1. ID: 2005-l4A 

Sampl. vt/vol: 1000 (g/=1) U b  P i l o  ID: >BS314 

kv.1: (lw/wb) mu 0.t. m i v o d :  02/01/96 

U O h t U O :  docantod: (Y/M) I DItO -8e.d: 02/06/96 

concontrat.6 -act Voluma: 2000 (uL) D8- h l y t d :  03/01/96 

loa-9 5 h  
111-44-4 
95-57-8 
54 1-73-1 
106-4 6-7 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
62 1-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-3 
105-67-9 
111-9 1-1 
120-83-2 
120-62-1 
91-20-3 
106-47-8 
8748-3 
5-? 

.. 

91-98-? 
88-74-4 
131-11=3 
208-96-8 
606-30-2 
99-09-3 
83-32-9 

?om I sv-1 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
2 0  
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20  
20 
50 
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 
U 

. 



x a t r i w :  (.oil/lmtu) uam L.b -1. ID: 2005-14A 
Sarplo wt/vol: 1000 t e / w  L.b Pilo ID: >OS3 14 

kv.1: (lw/nd) w uu 02/01/96 
a l4oi.tur.r doemtodr (Y/N) N -8C'tOd: 02/06/96 

c0ncmtr.t.d mct v01-t aooo (UL) 08- m l m d :  03/01/96 

5i-aa-s 
loo-01-7 
13 a 4 4  -9 

8 4-41 6-a 
7005-71-3 

s 3 4-sa-i 

12 1-14-2 

86-73-7 
100-0 1-6 
126-73-8 

86-304 
101-55-3 
lla-740% 
87-86-S 
85-01-8 

86-744 
130-12-7 

8 4 - 7 ~  

FORM I m-a 

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 

- 

ao 

ao 
ao 



0 

e .  

I 

. a t  
m T X L B  01AGAlflC8 AI(AtYS18 DATA 8 0 U T  
p-- V Y  IDmIlIB) 

Lab M a n ;  ,*m01M18 Contract: 434286. I 212363 I . - _  

Lab Cod.: Tct crw lo.: 10033 SA8 lo.: S#; NO.: 212383 

Matrix: (moil/vator) WAm L.b -1. ID: 2005-14A 
Sampl. wt/vol: 1000 (g/W = Lab ?ilo IB: >OS3 14 

kvml: (lau/wd) Im Data Rocaivd: 02/01/96 

8 noi~ tu . :  doc8ntod: ( Y / I )  II D8- -8Ct.d: 02/06/96 

Concontratd -act V01-t 2000 0.t. ku1yr.d: 03/01/96 

Injection Volmo: 1.0 (ut) Dilution ?actor: 1 
G#: Cl.urupr ( Y / I )  l pB: 7 

Numbor TIC. found: 19 

10 79016 
20 127 184 
3. 
4. 
50 
6. 

8. 

10 . 
11 0 

12 0 

13 
14 
1s 0 

16 . 
17 
18 
19 0 

70 

90 

20. 
210 
21, 

a4 . 
aaO 

23 

2s. 
26. 
27 

29 
30 

4.58 
7.13 
8.74 
19 16 
i9.n 
20.16 

laO 61 
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APPENDIX B 

GEOMEMBRANEYLEACHATE USEPA 9090 
COMPATIBILITY TEST RESULTS 

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 

FEMP OSDF-LLCFR-REV C 

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 

B-3 97.4.23 
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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 

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 

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 observed for the changes in property 
with exposure time or temperature. 

NSC Geomembrane. The means of percent property changes showed variations 
of less than 0.3% 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 
23OC, 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 23"C, 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 
0.5%, 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 iwas 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, this 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. 

GE3900-07.4/F9630 165.APB B-11 97.4.23 



- -- - 
CHEMICAL COMPrxTIBILITI - GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

Control Group ’ 

for 
30and60day 

Exposures ’ 

0 9442 
0 9431 
09444 
0 9458 

TEST RESULTS 

JO-day 6O-day - . 9O-day 12O-dax 
Exposed Exposed Exposed Exposed Control Exposed Exposed Control Exposed Exposed 

Group Group Group Group Group Group Group Group Group Group 
@ ~ Y C  @WC ~ 2 3 %  g ~ c  @ 2 3 T  @ W C  @ 2 3 T  @ W C  

09451 09452 09469 09475 09436 09462 09465 09456 09450 09460 
0.9472 09461 09453 09472 09439 09457 09467 09454 09450 09459 
09464 09458 09455 09476 09442 09457 09443 09444 09459 09462 
09461 09463 09450 09481 09438 09450 09469 08448 09453 09462 

CLIENT: FERMCO 
METHOD: ASTM 0792 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

DATE TESTED: M4&6 CHARACTERISllCS: 80 mil HDPE Geomembrane 
IMERSION MEDIUM: Brbed Gmund Water 

PROPERTY (UNIT): SPECIFIC GRAVITY (N/A) 
DIRECTION: N/A 

0.50 

0.40 I 
p I 0.30 

0.20 
2 

g) 0.00 
2 4.10 

al 

0.10 .- 
C 

0 
U E 4.20 

n. 

al 
0 & 4.30 

4.40 

4.50 
0 30 W 90 120 15 

Exposure Period (days) 

sta. Deviation of Control Gmup (-) 
--b Percent Change in Exposed Mean (23 degree C) 

0 

0 



- 
-.- - - GEOSYNTEC CONSULTANTS 

0.40 

Materials Testing Laboratory 

- 

Mean of Control Group= 
Std. Deviation of Mean of Control Group (+I-)= 

(Mean of Exposed Group 
Change in Exposed Mean horn Control Mean= 
Percent change in Exposed Mean horn Contml Mean= 
Is change less than one Std Denaclon of Control Gmup? 

CUENT: FERMCO 
METHOD: ASTM 0792 

DATE TESTED: Ulm6 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERiAL W E :  NSC 

CHARACTERISllCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: &nh& Gmund Water 

PROPERTY (UNIT): SPECIFIC GRAVITY (N/A) 
DIRECTION: N/A 

e 0130 
0 

0.20 e 
0.10 .- 

g 0.00 
2 '  4.10 
C 

0 

I I I I I 

I - 
I I I I I 

E 4.20 

n 

a g 4.30 
0.40 

4.50 
0 30 60 BO 

Exposure Period (days) 
120 150 

-Std. Deviation of Control Grwp (-) 
--b Percent Change in Exposed Mean (23 degree C) 

P 
I 



- -- - - GEOSYNTEC CONSULTANTS 

Control Group 

for 
30 and 60day 

Exposures 

0 9506 
0 9514 
0 9510 
0 9507 
0 9518 

09511 
0 0005 
0 05 

Materials Testing Laboratory 

~ 3 w a y  e 

Exposed Exposed 
Group Group 
QZYC QWC 

09514 09521 
09523 09525 
09525 09527 
09521 09527 
09523 08518 

09521 09524 
00010 00013 
0 11 0 13 

CUENT: FERMCO 
METHOD: ASTM 0792 

DATE TESTED: W 1 M b  

0.9497 
0.9500 
0.9499 
0.9500 
0.9494 

0.9498 
0.0003 
0.03 

CHEMICAL COMPATIBILITY TEST RESULTS 

0.9517 0.9520 
0.9514 0.9522 
0.9512 0.9525 
0.9509 0.9517 
0.9512 0.9517 

0.9513 0.9520 
0.0015 0.0022 
0.16 0.23 

GEOSWEC JOB NO.: GE3900 
MATERIAL TYPE: GSEGundle 

CHARACTEMSnCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Ferched Ground Water 

2 0.20 

n 

al 
0.30 

4.40 

4.50 

PROPERTY (UNIT): SPECIFIC GRAVITY (N/A) 
DIRECTION: N/A 

- 

I No t No 

- 6 W a y  . 

3posed I Exposed 
Group I Group I Group 

Q23% Q5O:C 

0.50 

0.40 

E 0.30 

0.20 

0.10 

0.00 

4.10 

I No I No 

I I T I + I 

- Control Exposed Exposed 
Group I Group I roc I 

Q 23°C 

0.9514 -1 0.9523 0.9512 

Sld. Deviation of Control Group (-) 
-?I- Permnl Change in Exposed Mean (23 degree C) 
-K- Percent Change in Exposed Mean (50 degree C )  

0 30 60 80 
Exposure Period (days) 

120 150 



0 

30and60day 
Exposures 

- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

Group Group Group Group 
@23% @ W C  @ 2 3 T  @ W C  

0.50 

0.9549 
0.9548 
0.9549 
0.9556 
0.9558 

0.40 

0.9571 0.9570 0.9572 0.9560 
0.9568 0.9569 0.9563 0.9560 
0.9556 0.9574 0.9561 0.8561 
0.9569 0.9574 0.9562 0.9561 
0.9575 0.9552 0.9563 0.9569 

0 0.30 

0.20 
0)  

E 
0.10 

0.05 
0.9568 
0.0016 
0.17 

g) 0.00 

c" 4.10 
c 

0 

0.9568 0.9564 0.9562 
0.0016 0.0012 0.0010 
0.17 0.13 0.11 

e 
CHEMICAL COMPATIB [LITY TEST RESULTS 

CLIENT: FERMCO 
MEWOO: ASTM 0792 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 

DATE TESTED: 6/14/96 CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Rrched Ground Water 

PROPERTY (UNIT): SPECIFIC GRAVITY (N/A) 
DIRECTION: N/A 

Control Group 3 W a y  I 6 W a y  
for Exposed I Exposed I Exposed I Exposed 

1 I I I 

0.9552 I I I I 
0.0005 

I No I No I No I No 

Control I Exposed I Exposed x @ 23'C 

Group 
@ 

0.9563 
0.9562 
0.9563 
0.9560 
0.9565 

- 

0.9563 
0.0020 

I 0.28 I 0.21 
I NO I No 

= k k A  0.9547 0.9551 

I -0.08 I -0.04 I 
I No I Yes 1 

-Std. Deviation of Control Group (-) 
-&-- Percant Change in Exposed Mean (23 degree C) 
+ Pemnt Change in Exposed Mean (50 degree C) 

0 30 60 80 
Exposure Period (days) 

120 150 



- -- - - GEOSYNTEC CONSULTANTS 
Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0792 

DATE TESTED: Wl4f¶6 

Control Group 

30 and 60day 

0.9540 
0.9548 
0.9537 
0.9556 
0.9531 

0.9542 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

PROPERTY (UNIT): SPECIFIC GRAVITY (N/A) 
DIRECTION: N/A 

‘ . 3 0 4 y ’ ‘  2;. 

* 
3posed Exposed 
Group Group 
Q23“C Q W C  

0.9532 0.9535 
0.9526 0.9525 
0.9528 0.9533 
0.9520 0.9529 t 0.9527 0.9528 

Control Exposed 
Group Group 

Q 23% 

0.9552 0.9533 
0.9532 0.9529 
0.9542 0.9526 
0.9539 0.9529 r 0.9545 0.9535 

6 W a y  I 9 W a y  ~,‘12Oday . 
Exposed Control Exposed Exposed 

Group Group Group Group 
Q 50-C Q 2 3 T  @ W C  

09535 09563 09527 09531 
09538 0.9556 09523 09524 
09538 09571 09519 09526 
09535 09556 09520 09527 
09537 09559 09523 09526 

e al 
n 0.20 e 
Q 0.10 c - 
& 0.00 

2 0.10 
E 

0 
E 0.20 

n 

al 
0 

0.30 

0.40 

=4- Std. Deviation of Control Gmup (-) 
--b Perwnl Change in Exposed Mean (23 degree C) 
-x- Perwnt Change in Exposed Mean (50 degree C) 

0.50 I I I I 
0 30 120 150 Exfisure Period ( a y s )  -? 



. .  



a 

FEW OSDF-LLCFR-REV C 

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 low concentrations of organic 
chemicals, or volatile constituents of the geomembranes, such as low molecular weight 
polyethylene (i.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 5OoC, 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. 

PolyFlex 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 
(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 
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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. 

PolvFlex 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. 
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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 findings 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 (Le., 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 (Le., 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 
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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. 

PolvFlex 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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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6'1'14196 

CHEMICAL COMPAT 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: b'14B6 

CHEMICAL COMPATIBILITY TEST RESULTS 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

DATE TESTED: 6/14&6 CHARACTERISTICS: BO mil HDPE Geomembrane 
IMMERSION MEDIUM: Penhed Gmund Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 
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CLIENT: FERMCO 
METUOD: ASTM 0638 

DATE TESTED: W I M 6  

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL W E :  GSE-SLT 

CHARACTERISTlCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14EJ6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISnCS: EO mil HDPE Geomembrane 
IMMERSION MEDIUM: penhed Ground Water 
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METHOD: ASTM 0638 
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CHEMICAL COMPATIBILITY TEST RESULTS 
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IMMERSION MEDIUM: Perched Gmund Water 

Exposed 

Exwsures d 2hC 

PROPERTY (UNIT): STRESS AT YIELD (psi) 
DIRECTION: CROSS-ROLL 

I 2495.5 

2719.5 

- 
Y-, 
Exposed 

Group 
Q 50°C 

2660 0 
2590 0 
2617 5 
2565 0 
2622 5 

- 

2611.0 
115.5 
4.63 
No - 

2o 15 i 
$ 10 
n 
2 
n 5  

C 
E 
0)  -10 

$ 
-15 

0 60 90 120 150 
. Exposure Period (days) 

- Control Exposed Exposed 
Group. 

- 
2622.5 
2642.5 
2662.5 
2697.5 
2732.5 

2592.5 2470.0 
2530.0 2485.0 
2550.0 2520.0 
2560.0 2520.0 
2470.0 2515.0 A=+=l 2671.5 

I No I No 

101 Sld. Deviation ol Contml Group (-) 
+Percent Change In Exposed Mean (23 degree 



0 

604ay 
>posed Exposed 
Group Group 
@ 2 3 T  @so"c 

21 8 22 e 
20 5 21 2 
22 3 22 4 
19 9 21 0 
21 1 23 0 

e 

9Oday. - I 

Control Exposed Exposed 
Group Group Group 

@ 2 3 T  @so"c 

19 8 20 4 223 
20 5 20 5 21 2 
21 7 21 6 22 4 
22 4 20 5 223 
20 4 19 9 22 4 

- -- - 
L GEOSYNTEC CONSULTANTS 

20.5 
20.4 
20.4 
20.5 
20.4 

Materials Testing Laboratory 

20.4 
20.5 
20.5 
19.2 
20.0 

CLIENT: FERMCO 
METHOD: ASTM D638 
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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: 6/14/96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gunme 

CHARACTERISllCS: BO mil HDPE Geomembrane 
IMMERSION MEDIUM: etched Ground Water 
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CUENT: FERMCO 
METHOD: ASTM 06.38 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

DATE TESTED: WlM6 CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Fwrhed Ground Wafer 
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DIRECTION: CROSS-ROLL 
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METHOD: ASTM 0638 
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CHEMICAL COMPATIBILITY TEST RESULTS 
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Materials Testing Laboratoj 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14/96 

CHEMICAL COMPATIBILITY TEST RESULTS 
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CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6'14196 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: POLYFLEX 

CHARACTERISTICS: 60 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 
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DIRECTION: CROSS-ROLL 

20 

15 

$ 10 
n 
2 
Q 5  
e 

Y 
E 
al -10 
2 

-15 

-20 

-SId Denatlon of Conbol Group (+) 

SId Devtabon ol Control Group (-) 

+Percent Change in Exposed Mean (23 degree C) 1 + Penenl Change in Exposed Mean (50 dwree C) 

I I I 

0 30 60 93 120 150 
Exposure Period (days) 



I- -- - GEOSYNTEC CONSULTANTS 

Mean of Control Gmup 
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Control Group 

for 
30 and 60-day 

Exposures 

2462.5 
2681.3 
2512.5 
2631.3 
2506.3 

2558.8 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/74/96 
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@ 2 3 T  @ W C  
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CHEMICAL COMPATIBILITY TEST RESULTS 
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MATERIAL TYPE: SERROT 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W f M 6  

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARLICTEWSllCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Prtrched Ground Water 

' PROPERTY (UNIT): STRESS AT YIELD (psi) 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14/96 

GEOSYNEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer ~ 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: ROLL 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W4#6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: SERROT 

CHARACTERISnCS: 80 mil HOPE Geomembmne 

, IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): STRAIN AT YIELD (%) 
DIRECTION: CROSS-ROLL 
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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 23OC, and the 90-day 
exposure at 50°C. In both directions, the results exhibited randomness, and no 
consistent trends were observed for the changes 
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in property with exposure time. 
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In general, the exposures at 23°C resulted in higher percent change in exposed 
means than exposures at 50"C, 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 23"C, 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 23"C, 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. 

GE3900-07.4iF9630 165.APB B-24 97.4.23 
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PolyFlex 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 andsthe 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/F9630165.APB B-25 97.4.23 
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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 break 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. 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14196 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

c n A i u m m s n c s :  80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

PROPERM (UNIT): STRESS AT BREAK (psi) 
DIRECTION: ROLL 

aY .60-dayT 
Exposed Exposed Exposed 

Group Group Group 
Q W C  Q23-C Q50'C 

56200 58550 52800 
51000 53500 52550 
59400 53900 51500 
56650 55700 52800 
56950 56000 51750 

Group Group Group Group 
Q W C  Q23-C Q W C  Q 23% 
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304ay I 60-day I 904ay 1204ay . 
Exposed Exposed Control Exposed Exposed Control Exposed Exposed 

Group Group Group Group Group Group Group Group 
C323"C Q5O'C @23% @ W C  e23-C @SOT 

CLIENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNIEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

DATE TESTED: 6/14/96 CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

PROPERTY (UNIT): STRESS AT BREAK (psi) 
DIRECTION: CROSS-ROLL 

51800 60900 62800 
64100 59375 58600 
60450 57900 58950 
14525 56700 57250 
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GEOSYNTEC JOB NO.: GE39W 
MATERIAL W E :  GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Fgmhed Ground Wafer 

PROPERTY (UNIT): STRAIN AT BREAK (Yo) 
DIRECTION: ROLL 

13600 15570 14150 15680 14380 12570 
15450 15070 12820 14580 14350 12740 
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Mean of Control Group= 
Std. Deviation of Mean of Control Group (+/-)= 

Std. Deviation of Mean of Control Group as % = 

Materials Testing Laboratory 
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CLIENT: FERMCO 

METHOD: ASJM 0638 
DATE TESTED: 644196 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 

MATERIAL TYPE: GSE-SLJ 
CnARAcTEwsncs: 80 mil HOPE Geomembrane 

IMMERSION MEDIUM: Perched Ground Wafer 

PROPERTY (UNIT): STRAIN AT BREAK (%) 
DIRECTION: CROSS-ROLL 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W146J6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTTCS: 80 mil HOPE Geomembrana 
IMMERSION MEDIUM: perched Ground Water 
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CHEMICAL COMPATIBILITY TEST RESULTS 
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MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 
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CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTEO: WlMb 
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CLIENT: FERMCO 

METHOD: ASTM 0638 
DATE TESTED: Wlrb"J6 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: NSC 

CHARACTERlSllCS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W1'14/96 

GEOSYN77X JOB NO.: GE39W 
MATERIAL TYPE: GSE-Gundle 

CHARACTERlSllCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 
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Mean of Control Gmup= 
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CLIENT: FERMCO 
METHOD: ASTM 0636 
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CHEMICAL COMPATIBILITY TEST RESULTS 
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MATERIAL TYPE: POLYFLEX 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W1496 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: POLYFLM 

CHARACTERISnCS: 80 mil HDPE Gwmembrane 
IMMERSION MEDIUM: Perched Ground Wafer 
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CHEMICAL COMPATIBILITY TEST RESULTS 
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CLIENT: FERMCO 
METHOD: ASTM 0638 
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Mean of Control Group= 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W14m 

CHEMICAL COMPATIBILITY TEST RESULTS 
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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-dayY 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/F9630165.APB B-27 97.4.23 I 
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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 percent changes than exposures at 23°C. 

GE3900-07.4IF9630165.APB B-28 97.4.23 . 
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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. 

97.4.23 
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CHEMICAL COMPATIBILITY TEST RESULTS 

34090.0 34940.0 36840.0 33120.0 34890.0 
31880.0 32200.0 36920.0 38830.0 32290.0 
33010.0 30390.0 35410.0 42200.0 32140.0 
35000.0 3061,l.O 35280.0 40610.0 32670.0 
31760.0 36580.0 32370.0 38210.0 34910.0 

33148.0 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembmne 
IMMERSION MEOIUM: Perched Gmund Water 

34080.0 
37390.0 
34170.0 
35580.0 
35840.0 

35412.0 
1363.9 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: CROSS-ROLL 

33340.0 37240.0 36820.0 33280.0 33350.0 
37510.0 38560.0 33OW.O 33540.0 32550.0 
35120.0 34850.0 30750.0 33960.0 32650.0 
35090.0 37900.0 31570.0 34420.0 31550.0 
36600.0 34100.0 31580.0' 33950.0 30360.0 

32744.0 
2418.1 

I 6O-day 
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Std Denabnn of Mean of Control Group (+/-)= 

Std Denslaon of Mean of Contml Gmup as % = 
Mean of Exposed Group= 
Change in Exposed Mean from Control Mean= 

, . I 30and6Oday I Group I Group I Group I Group 

1402 7 
4 2  

329442 353840 385940 333800 
-2038 22160 54460 2320 

Exposures I @23'C I @ S O T  I @23% I @so"c 

I I I I 

lPercen1 chanoe in Exmsed Mean from Cnntml Mean= I I 0 6 1  I 669 I 1643 1 0%- 
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CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14/36 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERfSnCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: ROLL 

I 361400 I 375300 I 382400 I 377700 I 369400 I 400500 I 381200 I 385000 I 339800 I 353700 I 353900 I 
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Materials Testing Laboratory 

CUENT: FERMCO 

METHOD: ASTM 0638 
DATE TESTED: 6/14/96 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: CROSS-ROLL 

Control Group ' 304ay" 
for Exposed I Exposed 

38410.0 38820.0 40100.0 
35470.0 40560.0 42890.0 
36310.0 42660.0 44400.0 
36560.0 41190.0 41010.0 
37980.0 42890.0 44260.0 

Mean of Control Group= 36946.0 
Std. Deviation of Mean of Control Gmup (+/+ 
Std. Deviation of Mean of Control Gmup as 96 = 

1219.1 
3.3 

Mean of Exposed Group= 41224.0 42532.0 
Change in Exposed Mean from Control Mean= 4278.0 5586.0 
Perwnl change in Exposed Mean from Control Mean= 11.58 15.12 
Is change less man one Std. Deviation of Control Group? No No 

Group Group Group Group Group Group Group Group 
@ 2 3 T  @ W a c  a23-C @ W C  @23% @ W C  

5.5 2.0 
39770.0 38002.0 35508.0 37498.0 36076.0 36882.0 
2824.0 1056.0 3278.0 -1286.0 -452.0 354.0 
7.64 2.86 -8.45 3.32 -1.24 0.97 
No Yes No Yes Yes Yes 
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Control Group 

for 
30 and 60day 

Exposures 

41930 0 
36790 0 

351100 
33060 0 
35080 0 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM D638 

DATE TESTED: W14196 

;: 3 W a y  . 
Exposed Exposed 

Group Group 
@23% @ W c  

384500 420500 
415600 417300 
412000 425500 
403900 394800 
439800 434100 

CHEMICAL COMPATIBILITY TEST RESULTS 

Change in Exposed Mean t o m  Control Mean= 
Percent change in Exposed Mean horn Control Mean- 
Is change less than one Std. Deviation of Control Group? 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISTICS: 80 mil HDPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Water 

4722.0 5450.0 
12.97 14.97 

No NO 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: ROLL 

Mean of Control Group. I 36394.0 I I 
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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: W1'14196 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: GSE-Gundle 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: CROSS-ROLL 

I I I I I 
Mean of Contml Group= I 41456.0 I I I 
Std. Deviation of Mean of Control Group (+I.)= 1181.8 

2.9 Sld. Deviation of Mean of Contml Gmup as % = 
Mean of Exposed Group= 42934.0 42472.0 44508.0 43208.0 
Chanae in Emsed Mean horn Conk1 Mean= 1478.0 1016.0 30520 17520 

I 245 I 4 23 nt change in Exposed Mean horn Control Mean= 

nge less than one Std Denallon ol Contml Group? I No I Yes I No I No 

2 '.;Xi:.,9orday 

@ 23'C + 
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38900.0 42590.0 
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CUENT: FERMCO 
METHOD: ASTM 0638 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: WLYFLEX 

DATE TESTED: 6/14/96 CHARACTERlSnCS: 60 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: ROLL 
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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14/96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 

CHARACTEMSllCS: BO mil HDPE Geomembrane 
IMMERSION MEDIUM: RfcheQ Gmund Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: CROSS-ROLL 

11s change less than one Sld Dewaeon 01 Control Gmup? I No 1 Yes I Yes 
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Materials Testing Laboratory 

CUENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: 6/14,96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HDPE Gmmembmne 
IMMERSION MEDIUM: F'erched Ground Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: ROLL 

Exposed 

Exposures Q 23'C 

40360 0 319100 
43800 0 39430 0 
46510 0 42580 0 

42580 0 36980 0 

Mean of ConM Gmup= 
Std Deviabon of Mean of Contml Group (+I-)= 

42838 0 
2460 6 
57 Std Deviabon of Mean of Control Gmup as 46 = 

(Mean of Exons& Gmuw I I 35956.0 
Change in Exposed Mean from Control Mean= ! I 4882.0 
Percent change in Exposad Mean from Contml Mean= I I -1607 
Is change less Man one Std Deviation of Contml Group? I No 

Group Group Group Group Group 
QWC Q23% QWC Q 23% 

38420.0 38110.0 42790.0 44390.0 -38210.0 
40380.0 40050.0 41650.0 44840.0 38310.0 
39010.0 35930.0 44100.0 44630.0 35970.0 
37750.0 39780.0 41880.0 42000.0 37240.0 
39550.0 36670.0 42770.0 43270.0 38980.0 

43826.0 
1187.0 

9 7  

39022.0 38108.0 42658.0 37742.0 
-3816.0 4730.0 -180.0 8084.0 
-8.91 -11.04 -0.42 -13.88 
No No Yes No 

39022.0 38108.0 42658.0 37742.0 
-3816.0 4730.0 -180.0 8084.0 
-8.91 -11.04 -0.42 -13.88 
No No Yes No 
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Group 
@23'C 

Materials Testing Laboratory 

Group Group Group Group Group Group Group Group Group 
@ W C  @ 2 3 T  @ S O T  . a23-C @ W C .  @ 2 3 T  @So% 

Mean of Control Group= 
Sld. Deviation of Mean of Control Group (+I-)= 

Std. Deviation of Mean of Control Group as % = 
Mean 01 Exposed Group= 
Change in Exposed Mean from Control Mean= = Percent chanoe in Exnosed Mean from Contml Mean- 

43960.0 
39870.0 
43250.0 
37170 0 
39060.0 

11s change less than one Sld. Deviation of Control Grouo? 

34060.0 41450.0 40630.0 48190.0 38400.0 45180.0 42330.0 41390.0 41510.0 
47760.0 43110.0 42620.0 45410.0 37090.0 43110.0 42770.0 41200.0 45820.0 
44040.0 41280.0 45330.0 48540.0 41320.0 40530.0 45160.0 42070.0 46340.0 
41680.0 41520.0 42840.0 49350.0 38370.0 44220.0 43220.0 42320.0 43290.0 
47720.0 45850.0 43530.0 41780.0 39180.0 43040.0 45950.0 41630.0 45570.0 

46654.0 43886.0 
3101 9 15806 

CLIENT: FERMCO 
METHOD: ASTM 0638 

DATE TESTED: ffl4f96 

40662.0 43052.0 42642.0 42990.0 
4964.0 -25740 -2984.0 -2636.0 
-10.88 -5.64 8.54 -5.78 

No No NO . No 

Control Group 
for 

. 30  and 60day 
Exposures 

44270.0 
48830.0 
43680.0 
46520.0 
44830.0 

38872.0 43216.0 41722.0 44506.0 
-7782.0 3438.0 
-16.68 -7.37 4.93 1.41 

No No No Yes 

-2164.0 620.0 

' 4.6 

15 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HDPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): ELASTIC MODULUS (psi) 
DIRECTION: CROSS-ROLL 

Sld. Deviation of Control Gmup (-) 

+Percent Change in Expo& Mean (23 degree C) 

F 

0 30 120 150 Exfisure Period (gys)  
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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 

B-30 97.4.23 
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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 23"C, 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. 

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, 

GE3900-07.4/F9630165.APB B-3 1 97.4.23 



- I 

FEMP OSDF-LLCFR-REV C 

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. 

GE3900-07.4F9630 165 .APB B-32 97.4.23 
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Mean of Control Group= 
Sld. Deviation 01 Mean of Control Group (+/-)= 
Sld. Deviation of Mean of Control G a ~ p  as % = 

Materials Testing Laboratory 

Control Group 
for 

30 and 60day 
Exposures 

75.0 
79.0 
77.0 
76.0 
75.0 

76.4 
1.7 
2.2 

CLIENT: FERMCO 
METHOD: ASTM 01004 

DATE TESTED: 6/14/96 

Group 
@ 2 3 T  

CHEMICAL COMPATIBILITY TEST RESULTS 

Group Group Group Group Group Group Group 
@SOT @23'C @ W C  @23'C @ W a c  

GEOSYNTEC JOB NO.: GEJSOO 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTTCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION: ROLL 

Mean of Exposed Group= 
Change in Exposed Mean from Control Mean= 
Percent change in Exposed Mean from Control Mean= 

~ ~~ 

Is change less lhan one Std Demabon of Control Group? 
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Materials Testing Laboratory 

30 and 60day 
Exposures 

CUENT: FERMCO 
METHOD: ASTM 01004 

DATE TESTEO: U14196 

Group Group Group Group 
@23OC @50eC g23'C @50°C 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Wafer 

Group 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION: CROSS-ROLL 
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Materials Testing Laboratory 

' CUENT: FERMCO 
METHOD: ASTM 01004 

DATE TESTED: ~544196 

Control Group 

30 and 60day 
Exposures 

71.0 

I 

Mean of Control Group= I 73 0 
Std Denabon d Mean of Control Group (*I.)= 3 1  

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Fwched Ground Water 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION; ROLL 
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Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 01004 

DATE TESTED: W14mb 

GEOSYNEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTTCS: BO mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION: CROSS-ROLL 
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METHOD: ASTM D1004 
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CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: GSE-Gundie 

CHARACTEWSllCS: BO mil HOPE Geomembrane 
IMMERSION MEDIUM: Fetched Ground Water 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION: ROLL 

,dO-day " 
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CLIENT: FERMCO G E O S W E C  JOB NO.: GE3900 
METHOD: ASTM 01004 MATERIAL TYPE: GSE-Gundle 

DATE TESTED: &114/96 CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Penhed Ground Water 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
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CLIENT: FERMCO 
METHOD: ASTM Of004 

DATE TESTED: Wf4196 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: POLYFLEX 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 
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DIRECTION: ROLL 
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MATERIAL TYPE: POLYFLEX 
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DIRECTION: CROSS-ROLL 

I Tontr;;;roup 

30 and 60day 
Exposures 

70 0 
71.0 
70.0 
71.0 75.0 I 72.0 I 77.0 I 71.0 

11s manoe less than one Std. -viatic ; Jf Control GrouD? I 1 No I . No 

15 

10 e 
Q rn 
2 5  n 

g o  

0, -5 

2 -10 

C .- 
C 

r m 

C 
Q 
2 

-15 

-.il Std Dewahon of Control Group (-) 

--b- Percent Change in Exposed Mean (23 degree C) 

+ Percenl Change In Exposed Mean (50 degree C) 

0 30 60 90 
Exposure Period (days) 

120 150 

0 



- -- - 
.L GEOSYNTEC CONSULTANTS 

Materials Testing Laboratory 

15 

10 

0 
0) n 
E 5  n 
C .- 
s o  
C 
0 
S 

C 
Q 

0 
CI -5 

2 2 -10 

-15 
0 

CHEMICAL COMPATIBILITY TEST RESULTS 

CUENT: FERMCO GEOSYNTEC JOB NO.: GE3900 
METHOD: ASTM 01004 MATERIAL TYPE: SERROT 

DATE TESTED: W14/96 CHARACTERISTICS: 80 mil HOPE Geomembtane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): INTITIAL TEARING RESISTANCE (Ib) 
DIRECTION: ROLL 
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CLIENT: FERMCO 
METHOD: ASTM 01004 

DATE TESTED: 6/14E?6 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Wafer 

PROPERTY (UNIT): INTlTlAL TEARING RESISTANCE (Ib) 
DIRECTION: CROSS-ROLL 
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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 (Le., 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 23"C, and increased linearly 

GE3900-07.4IF9630 165.APB B-33 97.4.23 
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for exposures at 50°C; however, no consistent trends were observed between 
temperatures. 

PolvFlex 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 

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. 

B-34 97.4.23 
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CLIENT: FERMCO 
METHOD: ASTM 02240 

DATE TESTED: W14196 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: GSE-SLT I 

CHARACTERISTICS: 60 mil HOPE Geomembrane 
IMMERSION MEDIUM: Penhed Ground Water 

PROPERTY (UNIT): HARDNESS (SHORE-D) 
DIRECTION: N/A 
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The same "Unexposed Specimen " was used as a control for 3O-day and SO-day Exposures 
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CUENT: FERMCO 
METHOD: ASTM 02240 

DATE TESTED: 6/14/96 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 
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CLIENT: FERMCO GEOSYNTEC JOB NO.: GE3900 
METHOD: ASTM D2240 MATERIAL TYPE: GSE Gundle 

DATE TESTED: 6/14B6 CHARACTERISTICS: 80 mi7 HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): HARDNESS (SHORE-D) 
DIRECTION: N/A 
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' The same "Unexposed Specimen" was used as a control for 30-day and GO-day Exposures 
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Mean of Pelcent Property Change= 

Sld Demtwn of Pelcent Property Change (+I-)= 

Is Zero Pelcent Pmpedy Chanpe wdhm One Sld Dewatwn? 

CLIENT: FERMCO 
METHOD: ASTM D2240 

DATE TESTED: 6/14/96 

-1 248 0 8 1 0  0 055 -1 640 

3 484 2 858 3 828 1640 

Yes YeS Yet Yes 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: BO mil HDPE Geomembrane 
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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 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. 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 

97.4.23 
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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. 

GE3900-07.4IF9630165.APB B-36 97.4.23 
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@SOT @23'C @50'C @ 2 3 T  @50'C @23% @SOT 

CHEMICAL COMPATIBILITY TEST RESULTS 

136.0 
143.3 
143.6 
130.8 
142.6 
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METHOD: FTMS 101C (METHOD 2065) 
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MATERIAL TYPE: GSE-SLT 

CHARACTERISTICS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: perched Ground Wafer 
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CLIENT: FERMCO 
METHOD: FTMS fOfC (METHOD 2065) 

DATE TESTED: Wf4f96 

CHEMICAL COMPATIBILITY TEST RESULTS 
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DIRECTION: NIA 

15 

10 

0 
al 
0 
e 5  n 
C .- 

GEOSYNTEC JOB NO.: GE3900 

MATERIAL Y E :  NSC 
CHARACTERISTICS: 80 mil HOPE Geornernbrane 

IMMERSION MEDIUM: Penhed Ground Water 

I I 
130.4 137.7 138.5 
125.3 137.1 136.2 
132.1 139.3 135.1 
133.5 139.4 136.3 - 

126.9 139.7 136.3 

Mean of Control Group= 129.6 
Sld. Deviation of Mean of Control Gmuo I+/-\= 3.5 
Std. Deviation of Mean of Control Group as % = 2.7 
Mean of Exposed Group= 138.6 136.5 
Change in Exposed Mean horn Control Mean= 9.0 6.8 
Percent change in Exposed Mean horn Control Mean= 6.94 5.28 
Is change less man one Sld. Deviation of Control Group? No No 

-15 
0 

139.4 135.7 
136.1 139.3 
139.2 136.3 
135.0 137.3 
134.1 137.1 

Control Exposed Exposed 
Group Group Group 

122.0 
124.3 
124.7 
125.1 
123.3 

' 130.6 126.7 
128.5 128.3 
129.6 129.3 
126.0 127.7 
127.0 127.1 

123.9 

3.60 
I No I No 

I s- 
I 

30 60 90 120 150 
Exposure Period (days) 

126.3 

3 28 4 18 
I No I No - Sld. Deviation of Control Group (+) 

--Std. Deviation of Control Group (-) 

--b Percent Change in Exposed Mean (23 degree C) 
--W- Percent Change in Exposed Mean (50 degree C) 

c 



- -- - 
.L GEOSYNTEC CONSULTANTS 

Control Group 

for 
30 and 60-day 

Exposures 

132 8 
1392 
129 7 
136 5 

Materials Testing Laboratory 

3O-day * '  : 
Exposed Exposed 

Group Group 
@ 2 3 T  @ W C  

1433 1366 
1399 1405 
1434 1374 
1425 1364 

CUENT: FERMCO 
METHOD: FTMS lOlC (METHOD 2065) 
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134 5 
131 5 
128 4 

132 8 

133.0 
5.8  
4.16 

NO 

h 9 W a y  J ~ -  

Control 1 Exposed I Exposed 

121.3 ' 119.0 

0.23 -1.69 
Yes Yes 

dp ,* 1204jay i 

Control Exposed Exposed 
Group Group Group 

Q23'C @SOT 

1368 1270 1350 
1426 1255 1381 
1381 1253 1421 
1273 1255 141 8 
1367 1261 1464 

136 3 
5 6  

-10.4 
-7.64 3.21 

Yes 

- Sld Deviabon of Control Group (-) 

--&- Percant Change in Exposed Mean (23 degree C) 

0 30 60 90 120 150 
Exposure Period (days) 
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.L GEOSYNTEC CONSULTANTS . 

Materials Testing Laboratory 
CHEMICAL COMPATIBILITY TEST RESULTS 

CUENT: FERMCO ' 

METHOD: FTMS fO1C (METHOD 2065) 
DATE TESTED: 6/f4&6 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HOPE Geomembrane 
IMMERSION MEDIUM: PeKhFhed Ground Water 

PROPERTY (UNIT): PUNCTURE RESISTANCE (Ib) 
DIRECTION: N/A 

15 

10 

E 
2 5  

g o  

0, -5 

p" -10, 

0 
e .- 
E m c 

E 
9) 

2 

-15 

121.7 I I 

-' jl' 12O-day 

3.40 0.09 

I Yes I Yes 

0 30 60 90 120 150 
Exposure Period (days) 

-* Sld. Deviation of Control Group (-) 
d- Percent Change in Exposed Mean (23 degree C) 

97 
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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 23OC, 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 23OC, 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. 

PolyFlex 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 

B-37 9 7.4.2 3 
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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. 

a 

GE3900-07.4/F9630 165.APB B-38 97.4.23 
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Materials Testing Laboratory 
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CLIENT: FERMCO 
METHOD: ASTM D3786 

DATE TESTED: W14196 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
' MATERIAL TYPE: GSE-SLT 
CHARACTERISTICS: 80 mil HDPE Geomembrane 

IMMERSION MEDIUM: Peched Gmund Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

I 7.50 I 4.06 I 0.63 I 4.38 I I -11.52 I 5.10 I I -5.14 I -2.80 

I No I No I Yes I No I I No I No I I No I No 

0 30 60 90 
Exposure Period (days) 

120 1 50 

-+- Std. Deviatlon of Control Group (-) 

+Percent Change in Exposed Mean (23 degree C) 
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Control Group 

for 
30 and 60day 

Exposures 

650 0 
700 0 
650 0 * 

630 0 
650 0 

656 0 
26 1 

4 0  

Materials Testing Laboratory 

30-dayi 
Exposed Exposed 

Group Group 
@23'C @SOT 

6900 6900 
6900 6700 
6900 6900 
7000 6900 
7000 6900 

6940 6860 
38 0 30 0 
5 79 4 57 
No No 

Percent change in Exposed Mean from Control Mean= 
Is change less lhan one Std Devlabon 01 Control Group? 

Ixposed 
Group 
@23OC 

6900 
6600 
6700 
6800 
6700 

6780 
22 0 
3 35 
Yes 

15 

Exposed 
Group 
@ W C  

6800 
6800 
6800 
6900 
6900 

6840 

28 0 
4 27 
No 

10 

0 
0) n 
e 5  n 
C .- 
g o  

0, -5 

2 -10 

C ru 
' C  
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2 

-15 

CLIENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: W14f96 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE3900 
MATERIAL TYPE: NSC 

CHARACTERISTICS: BO mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Ground Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

9O-da 
Control Exposed Exposed 
Group Group Group 

@23"C @ W C  

6700 6700 6900 
6600 6450 6800 
6700 6700 6650 
6900 6600 6650 
6700 6600 6900 

672 0 
14 0 . I 

Group Group Group 1 @23OC 1 @50"C I 

I I 

-7.24 -5.02 

1.2 I I I 

-7 24 -5 fl7 

I No I No 

-4- Std Deviation of Control Group (-) 
+ Percent Change in Exposed Mean (23 degree C) 

0 30 60 90 120 150 
Exposure Period (days) 
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Materials Testing Laboratory 

’Mean of Control Group. 
Sld Devlabon of Mean of Control Group (+I-)= 
Sld Devlabon of Mean of Contml Group as % = 
Mean of Exposed Group. 
Change in Exposed Mean horn Contml Mean= 
Perrsnl chanae In Exoosed Mean fmrn Contml Mean= 

CUENT: FERMCO . 
METHOD: ASTM 03786 

DATE TESTED: 6/14/96 

600 0 
690 0 
640 0 
680 0 
660 0 

654 0 
35 8 
5 5  

CHEMICAL COMPATIBILITY TEST RESULTS 

Control Group 

for 
30 and 60day 

Exoosures 

11s change less than one Sld. Deviation of Control Group? I 
15 

10 

0 
a, n 
2 5  n 
E .- 

GEOSYNTEC JOB NO.: GE3900 
MATERlAL TYPE: GSE-Gundle 

CHARACTERISTICS: 80 mil HOPE Geomernbrane 
1hlMERSlON MEDWM: Perched Ground Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: NIA 

-C Std. Deviation of Contml Group (-) 
--b Percenl Change in Exposed Mean (23 degree C) 

--)t Perwnl Change in Exposed Mean (50 degree C) 

-15 
0 30 60 90 120 150 

Exposure Period (days) 
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Mean of Contml Gmup= 
Std. Deviation of Mean of Contml Gmup (+I-)= 
Std. Deviation 01 Mean'ol Control Gmup as % = 
Mean of Exposed Group= 
Chanae in Exwsed Mean from Contml Mean= 

Materials Testing Laboratory 

CLIENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: W1M6 

674.0 
25.1 
3.7 

CHEMICAL COMPATIBILITY TEST RESULTS 

GEOSYNTEC JOB NO.: GE39W 
MATERIAL TYPE: POLYFLEX 

CHARACTERSnCS: 80 mil HDPE Geomembrane 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

~~ ~~~ 

Control Group 

30 and 60-day 
Exposures 

Percent change in Exposed Mean horn Control Mean= 
Is change less than one Std Deviabon 01 Control Group? 

I 

15 

10 

0 
Q) n 
e 5  n 

g o  
C .- 
e m c 
0 , .  e 
0)  
2 2 -10 

Group Group Group Group 
@23OC @5VC 1 , @ 2 3 T  1 @5VC 

760.0 650.0 700.0 700.0 
750.0 670.0 690.0 680.0 
790.0 660.0 680.0 680.0 
770.0 640.0 690.0 690.0 
77d0 640.0 7W.O 750.0 

-22.0 
13.95 -3.26 

650 0 

666.0 656.0 

0.60 4.91 
I Yes I Yes 

- 
* 1  - 

Control 
Group 

- 
690 0 
700 0 
730 0 
720 0 
660 0 

12Way 

617.0 677.0 

-11.86 3.29 

-4- Std Dewabon of Control Group (-) 

+Percent Change in Exposed Mean (23 degree C) 

-15 
0 30 60 90 

Exposure Period (days) 
120 150 
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Mean of Control Group= 

Materials Testing Laboratory 

Control Group 3 W a y  604ay 9O-day 
for Exposed Exposed Exposed Exposed Control Exposed Exposed 

30and60day Group Group Group Group Group Group Group 
Exposures @23'C @ 50'C @ 2 3 T  @50°C @ 2 3 T  @SOT 

640 0 7000 7000 6900 6900 6800 6600 6900 
630 0 6900 7100 6900 6900 6500 6500 6800 
6100 7 0 0 0  7000 6900 6900 6800 6800 6800 
6100 7100 7000 7000 7000 6500 6800 6700 
660 0 6900 6900 6900 6900 7000 6800 6900 

630 0 672 0 

CLIENT: FERMCO 
METHOD: ASTM 03786 

DATE TESTED: Wf4f96 

Sld Denabon of Mean of Control Group as % = 
Mean of Exposed Group= 
Change in Exposed Mean from Control Mean= 
Percent chanae in Exoased Mean from Control Mean= 

CHEMICnL COMPATIBILITJ 

3 4  32 
6980 7000 6920 6920 6700 6820 
68 0 70 0 62 0 62 0 -2 0 10 0 
1079 11 11 984 984 0 30 149 

TEST RESULTS 

GEOSYNTEC JOB NO.: GE39OO 
MATERIAL TYPE: SERROT 

CHARACTERISTICS: 80 mil HOPE Geomembmne 
IMMERSION MEDIUM: Perched Gmund Water 

PROPERTY (UNIT): MULLEN BURST STRENGTH (psi) 
DIRECTION: N/A 

. I  

11s chanae less man one Std. Deviation of Control Grouo? 1 1 No I No I No I No I I Yet I Yes 

I 

670.0 I I 
40.6 I I 
0.1 I I 

I 640.0 I 646.0 
I -300 I -26 0 

I 4 4 8  I -358 I 
I Yes I Yes I 

15 

0 lo 
al a 
e 5  n 

m o  

E 
al 
E m c 

C 

.- 

2 -5 

-10 

-15 
0 30 120 150 

Exgsure Period (a&) 

-Std Denabon of Control Group (+) 

-Sld Dewatlon of Control Group (-) 

+Percent Change in Exposed Mean (23 degree C) 

+Percent Change in Exposed Mean (50 degree C) 

I 
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APPENDIX C 

RESIN AND ROLL CERTIFICATIONS 



ZERTI Fl CAT1 ON SHEET 
ROJECT NO: B DATE: 119196 Grand Prairie, Texas 75051 

POLY-FLEX, INC. 
2OOO W. Marshall Drive 

RIP NO: CERTIFIED BY: Q . 0 .  j a w -  

+-P- 

TEST DESCRIPTION 

957 

ASTM METHOD 
(modifications) 

FREQUENCY 
UNITS 

IDPE SPECIFICATION 
ROLL NUMBER I BLEND 

96000 -0.2 A1 0.18 0.949 Pass Pass 19-8-95- 7 -3 1 164509 

,.I 

I M 

I I I '  

01593 01603 01004 FTMS 101 
midavg 2065 

mils % Ib Ib 
72/80 2-3 56 120 

75 I 86 I 2.6 I 67 I 135 
I I I 

1 1  I 

I 

I 
I 

I 

I 

184 13 

I 

0638 

PPI - 
320 

379 

0638 0638 01204 03015 01238 Dl505 0746 01693 
-70°C 2000hr~ 

% PSI % g/lOmin gdcc PASS PASS 
750 80,000 A1,A2181 0.4 0.940 694°F 21000 

MAX 



I OCT-17-1995 14:34 PHILLIPS QR LAB 

PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILLIPS PErROLEUM COMPANY 

BOX 7P2 - PHONE: 713 d75-3tG 
PWAOENA. TEXAS 7750 1-0797 

PHILLIPS PUSTICS RESINS 
Hcumon Chamicnl C ~ m p l a ~  

Poly America, Inc. 
2000 West Marshall Drive 
Grand Prairie, TX 75051 

ATTN: Dee Averitte 

713 475 3532 P. aoi/aai 

b -  

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 
manufacturing specification. 

Type : 
Lot Number: 
P.O. Number: 
Date Shipped: 
Package : 
Quantity: 
HLMI (Flow Rate) : 
Melt Index: 
Density: 

J. H. Vaden 
Quality Assurance Manager 

JHV:PSN:sr 

* Reg. U.S. Pat. Off. 

cc: QA-File-RC 

Mr. Jim Nobert 
Poly America, Inc. . 

2000 West Marschall Drive 
Grand Prairie, TX 75051 

HHM TR-400G 
7151197 
5247 
10/16/95 
PSOX 2252 
177700 LBS. 
11.4 G/10 MIN 
. 0 9 0  G/10 MIN 
-937 G/CC 
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UNION CARBLDE CORPORATION 
P. 0. Box 186, Port h a c a ,  IX 119 79 

Fax: 1214-647-0829 

Poly h e r i c a  Inc. 
2OOO Mest Clrrrh.11 
Grand Pralrto. TX 75051-2795 
Attn: A. Bortrand 

Product Name: OMDB-1525 W l  

Custoaer Order No.: 2549-4 
Internal Order No.: 178455 

The following test data vas obtalnd : 
Blond : 164509 

Sample I d  : P E t 4 0 8 9 4  
Date of knufaetura : 01/11/95 

01/23/95 

Shipped lo: Poly &erica Inc. 
2000 Y. narrhll 
G r a n d  Prnlrie,  TX 75051-2795 

Uayne Oaggs 



GSE Roll Test Data Report 
7 0 6  

I ROLL NO. AF-9750 I 

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 

LOT NUMBER U-45921 
RESIN TYPE 600 SERIES 

PROPERTY UNITS METHOD RESULT I DENSITY g / c c  D1505 0.935 - 
MOISTURE % D570 e 0.09 
BRITTLENESS OC D746 C-70 
MELT INDEX g/lO m i n .  D1238 0.540 

ASTM GSE MINIBlUMS ACTUAL TEST VALUES 
PROPERTY METHOD ENGLISH METRIC ENGLISH METRIC 

TENSILE YIELD STRENGTH D6 3 8 
CD - 
M D -  

YIELD EWNGATION D638 
CD - 
M D -  

TENSILE BREAK STRENGTH D6 3 8 

173 Ib/in 
173 

13 % 
13 

324 IbIin 
324 

CD - 
M D -  

CD - 
M D -  

PUNCTURE STRENGTH 
SHRINMGE 

CD - 
M D -  

INITLAL TEARING STRENGTH 

CARBON BLACK DISPERSION 
CARBON BLACK CONTENT 
GEOMEMBRANE DENSITY 
ESCR 
THICKNESS 

NOMINAL 
MINIMUM 
AVG. THICKNESS 

560 % 
560 

D1004 
60 Ib 

FIXIS 101C12065 98 Ib 
60 

D1204 
(1 HR Q 100C) +/- 2 . 00 16 

+I- 2.00 
D3015 A2 
D1603 2.00 !% 
D792 
D1693-B 1500 hours 
D1593/D751 

80 mil 
72 

31 k/cm 185 lblin 33 Q/cm 
31 184 33 

20 % 
21 

5 9 kglcm 412 IbIin 74 Q/cm 
59 412 74 

724 % 
727 

34 kg 27 kg 76 Ib 
27 66 30 
44 kg 125 Ib 57 kg 

0.5 % 
0.2 
A2 

2.27 $6 
0.940 g ~ c c  0.944 glcc 

Start 1/12/96 

2.03 mm 80 mil 2.03 nun 
1.83 72 1.82 

80 2.03 

TEST NOTES: MD=MACHME DIRECTION CD=CROSS DIRECTION ESCR START DATE IS GWEN 
-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 

20061118 

QiBQIB323 
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- STAR.. . h Safety Through AccountabiMy and Recognition 

Mobil Polyethylene 
Cempcate of Analysis 

"QUXLJTY PEOPLE MAKING QUALITY PRODUCTS" 
Bill Walling fantary4.1996 GSE 
19 103 Gundlc Road 
Houston, TX 71013-3SlS 

. :. 

0.54 
0.935 

I h n k  you fur your business. If you need additional assistance, pleast do not hesicale to 
amtact OUT Salts Rcprcsu~tative in your area. 

Z 'd 



RAILCAR : PSPX2445 
MATERIAL : HDPE 080 MIL 
BATCH # : 122395 
ROLL f : 04026120 

W F .  DATE : 12/23/1995 
PROJECT YAllE : SAMPLES 
MR NLUBER : 8900-01 PROJECT # : SAMPLE 

LOCATIOH : HQlsTow TX 01 

TESTING 
FREQUENCY -------------- 

TEST ASTM 
RESULTS MET- ------- ------------ TEST PARAMETER -------------- 

Mininun Thickness (mi 1s) EVERY ROLL n.0 lain 76.0 D 751 NSF Mod. 

5TH ROLL 2.0 t o  3.0 2.6 D 1603 

Carbon Black Dispersion 5TH ROLL A-2 D 3015 

5TH ROLL 0.940 ain 0.943 D 1505 (Cleth.A) 

T e k i  Le Properties: 
T.S. 0 Yield (ppi) 
T.S. 3 Break (ppi) 
ELOW. a Yield ( x )  

E l m .  a Break (XI 

EVERY ROLL 
EVERY ROLL 
EVERY ROLL 
EVERY ROLL 

I73 
320 
13 
560 

213 
390 D 638 Type I V  
17 

706 2 iPn 

PvKture  Resistance (lb.) EVERY ROLL 105 160 FTMS 101, k t h .  2065 

Tear Resistance ( Lb. EVERY ROLL 60 69 D 1004, Die C 

Dimensional S t a b i l i t y  ( X )  EVERY ROLL -2.00 t o  2.00 Pending D 1204 (1 hr, 1OOC) 

ESCR (hrs) EVERY ROLL 1500 m i n  Pending 0 1693 NSF HOD. 



DEC-11-1995 09:s PHILLIPS QA LRB 

PHILLIPS CHEMICAL COMPANY 
A DIVISION OF PHILUPS P-OEUM COMPANY 
BOX 762 PHONE 713 475-3666 
P W A .  EX4S n5014732 

PHlIlJPS PLASTICS RESINS 
Haurluo chsmicll Complex 

,Gundle Lining Systems Inc. 
1340 East Richey Road 
Houston, TX 77073 

ATTN: Rick Schaefer 

.713 475 3532 P. 685r810 

December 11, 1995 

JHVf: 18498-95 

FAX: 713-443-4627 

This le t ter  will certify that the Marlex* resin shown below, 
as supplied by Phillips Chemical Company, conforms to our 
manufacturing specification. 

Type : HXM 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 Dl238 11.4 G/lO MIN 

ESCR, F/50, Cond. B: 1500 HOURS ** 
HLMI/MI Ratio: 114. GM/lO MIN 
Production D a t e :  11/30/95 

Density, -TM 1505: .937 G/CC 

J .  H .  Vaden 
Quality Assurance Manager 

JHV : PSN: sr 

* R e g .  U.S. Pat. Off. 
*+ Nominal Value (not tested on each lot) 

Cc: QA-File-RC 
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ROLW: i 505a31 PROJECT NAME: Geosyntec Test 
MATERIAL: HDPE SMOOTH 80 MIL LOCATION: 0-a- UUc.0 om*,, I t O & V l l  Eld 1 1 "  

LOT/BLEND: 
MANUFAC. DATE: 

TEST 
Average Thickness: 

Tensile Strength at Yield: 

Tensile Strength at Break: 
Elongation at Yldd: 

Elongation at Break: 

Tear Resistance: 

Puncture Resistance: 

Puncture Reslstance: 
Carbon Black Content 

avD.omvw mcmmumu 

Carbon Dispersion: a hnsrty(min): 

Melt Flow index: 

Dimensional Stability: 

Low Temp. Bnttleness: 

Environ. Sttess Crack: 

CERTIFIED BY; 

C51014L77A 
12/8/95 

FREQUENCY 
Every Roll 

25,000 SqFt 

25.000 SqFt 

25,000 SqFt 

25.000 SqFt 

50,000 SqFt 
50,000 SqFt 
50.000 SqFt 

100,000 SqFt 

100.000 SqFt 

100,000 SqFt 
Resin Batch 

Resin Batch 
Certified 
Cedfied 

ERIC MAKl 
QUALI'TY CONTROL LABORATORY SUPERVISOR 

SALES ORDER #: 6202 

76 mil8 

168 ppi 

304 ppi 

12% 

560% 

52 Ibs 
72 Ibs 

96 Ibs 

A t  A2 or 81 

< 0.4 9/10 min. 

*I- 2.0% 

-60" C 
1,500 hours 

2.0- 3:0% 

0.940 g/m' 

81.5 

199.6 

348.3 
18.2 

703.3 

63.2 

121.2 

163.6 

2.65 

A I  
0. w9 
0.235 

0.12 

-800 C 
' 1,500 

! 

SMS 101 .(2065) r: 
6TM D792 
6TM 01238 

STM 01204 

STM D746 
STM 0638 



S u r r w t  Coqaorat ion  
JIlnee Long 
0393 CaSsiA Way 
Handcrcon, W 89015 
702-566-4745 

Listed below are the d8ts on C36-24-150 thipnents: 

Solvay Ordsr Nun&et: 
Curtomer PO: 
D a t e  ShLppel:  
shipped TO: 
L o t  Numbmr: 
Hopper Car Number: 
W i g h t ,  Lbc. : 

WliLT XNDLX 
DtNsIrr OJATUIUL RESIN) 

Compartments A and CA 

Sincerely, 

Sun J .  V a h n t i  I11 
Regulatory Coordin8tor 
Phone: (713) 307-3774 

ma5 

OC48C9 
21220 
1 l/OS/SS 
WENDORSON, NV 
c51014Ll:~ 
ACFX 98069 
67 .0SO 

&THOD 

0 1238-90b 
D 4883-89 

Nov 
I 

d e r  :3. 1995 

I 

I 
! 

- .  
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iwsailer : litusY WTEC 

Project Neme: 9090 

Project Nunber: SAMPLE 

Nuher af Roll8 Shipped: 1 

YamlnaL Thickness: 80 mit 

Ue hereby c e r t i f y  that the polyethylene geomefhrene for the above ldent i t ted shipment meets or exceeds &at!ona( 
Seat Conpany'e speciffcations, beiou. Testing uas performed a t  the frequency indicated. 

The raw polymeric material I s  f i rst  quatlty polyethylene resin containing no m r e  than tuo percent clean re- 
worked plastic by weight. 
tn eccordence with ASTM 0 6%. NSF modified, imi? 7~ 1" +-E%!! q;:!=zs, i &i,aiul lair v i  w o  Incnea per 
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APPENDIX D 

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, Le., 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. 
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Conclusion 

The results of the FTIR surface analyses indicate that the test leachate did not 
measurably oxidize the geomembrane surfaces. 
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PART II 

FI'IR 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: 

e 

e 

e 

0 

e 

e 

e 

e 

e 

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. 
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APPENDIX E 

STRESS CRACK RESISTANCE 

Environmental Stress Crack Resistance 

Environmental stress crack 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 crack 
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 crack 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 crack resistance than the NSC 
geomembrane because specimens that have higher stress levels have not yet ruptured, 
compared to the NSC geomembrane. Specimens having higher stresses tend to rupture 

GE3900-07.4/F9630165. CDC 97.04.23 



FEMP OSDF-LLCFR-REV C 

Geomembrane/Resin Time to Rupture at 
6.2 MPa (900 psi) 

SUMMARY 

Estimated Ductile-to- 
Brittle Transition Time 

TABLE E-1 

OF NCTL TEST RESULTS 

GSE-SLT/Mobil 
NSC/Union Carbide 

(1) (2) 
(3) (4) 

‘GSE-Gundle/Phillips 536 hr . 450 hr 
Serrot/Solvay 535 hr 526 hr 
Polyflex/Phillips 182 hr 50 hr 

Notes: (1)  
(2) 
(3) 
(4) 

I I I 
Specimens with <40% of yield stress did not rupture. 
Only ductile ruptures were observed. 
Specimens with <30% of yield stress did not rupture. 
Only ductile ruptures have been observed. 

GE3900-07.4/F9630165 .CDC 97.04.23 



TABLE E-2 

Sample 
GSE-SLT 

NSC 

GSE-Gundle 

Polyflex 

Serrot 

I 

NOTCHED CONSTANT TENSILE LOAD DATA 

Yield Stress 20% 25% 

2,351 psi 470 psi 588 psi 
NR") NR 

2.814 psi 563 psi 704 psi 
NR NR 

2,851 psi 570 psi 713 psi 
NR 805 hr 

3,086 psi 617 psi 772 psi 
1451 hr 393 hr 

2,600 psi 520 psi 650 psi 
NR 883 hr 

50% 
1176 psi 
244 hr 

1407 psi 
3 hr 

1426 psi 
28 hr 

1343 psi 
3 hr 

1300 psi 
8 hr 

55% 60% 
1293 psi 141 1 psi 
180 hr 4 hr 

1548 psi 1688 psi 
0.2 hr 0.04 hr 

1568 psi 1711 psi 
0.7 hr 0.02 hr 

1697 psi 1852 psi 
0.1 hr 0.03 hr 

1430 psi 1360 psi 
8 hr 0.2 hr 

Notes: (1) NR = specimen did not rupture. 
(2) Hours are an average of three specimens. 
(3) Single specimen. 

705 psi 
NR 

844 psi 
1412 hr 
855 psi 
564 hr 
926 psi 
182 hr 

780 psi 
468 hr 

ture at Percent 01 
7 m Z - p T  

823 psi 
NR 

985 psi 
109 hr 
998 psi 
478 hr 
1080 psi 
81 hr 

910 psi 
556 hr 

1528 psi 
0.1 hr 

1829 psi 
0.01 hr 
1853 psi 
0.008 hr 
2,000 psi 
0.004 hr 
1690 psi 4 0.03 hr 

n m 
5 
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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 crack resistance, to the 
other four geomembranes . 

Conclusion 

Based on these test results, it is recommended 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. 
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NOTCHED CONSTANT TENSILE LOAD TEST RESULTS 
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Sample: 758 (SERROT) 
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