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The first section of this book presents papers on perspectives by several regulators and owner/operators 
as to the significance of the inter-related topics of MQC/MQA and CQC/CQA.

The papers within this book were presented at the 6th annual Geosynthetic Research Institute 
Conference held December 10-11, 1992 in Philadelphia, Pennsylvania, USA.

Robert M. Koerner 
Yick (Grace) Hsuan 
Co-Editors
December 13, 1992

The third section of this book is devoted entirely to the construction and installation of geosynthetics. 
As such, papers from consulting and testing firms have presented their techniques insofar as CQA are 
concerned, as counterpointed to CQC. As with the previous papers, geomembranes, geotextiles, 
geogrids and geoappurtenances are described as well as an overall critique and a model program.

The general need for manufacturing quality control (MQC) and manufacturing quality assurance 
(MQA) of various products is apparent in almost every aspect of materials and services in our daily 
lives. It should be no surprise that geosynthetics require the same, or even more, concern as many 
other products due to the critical nature of their use. Yet, over and beyond the manufactured 
geosynthetic product is the care and concern of its field installation. This aspect is handled under the 
concepts of construction quality control (CQC) and construction quality assurance (CQA). The former 
are actions taken by the installation contractor, the latter by the inspection firm. These aspects of 
quality control and quality assurance are of critical importance to owner/operators, regulator/permit 
writers and indeed to the general public itself.

The fourth, and concluding, section of this book is devoted to advanced laboratory testing—sometimes 
referred to as analytical (or thermal) test methods. These powerful techniques are described and 
critiqued on a method-by-method basis. Papers on each topic have developed test data on geosynthetic 
materials insofar as the advantages and disadvantages of the particular method they are describing. 
This important part of the total program previews what will be the future state-of-the-art on the topic 
that some refer to as "fingerprinting of geosynthetics."

The second section of this book focuses on the manufactured geosynthetic products themselves. 
Manufacturers present papers on the idiosyncrasies of quality control insofar as geomembranes, 
geotextiles, geogrids and geosynthetic clay liners are concerned. Many new, and innovative, 
techniques have recently been developed and are presented for the first time. It is felt that these papers 
establish a new state-of-the-art in the manufacturing quality control (MQC) of geosynthetic materials. 
Selected aspects of MQA are also addressed.
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generic research on geosynthetic materials and related applications. Within its study are geotextiles, 
geogrids, geomembranes, geonets, geocomposites, geosynthetic clay liners and geopipes. 
Approximately 22 projects are currently ongoing. The education role of GRI is also a major thrust. In 
addition to training students by formal coursework and thesis projects, continuing education for a broad 
audience utilizing professional courses and seminars is presented. It is in this latter role that the 
conference series exists.



ACKNOWLEDGEMENTS

v

GeoSyntec Consultants - Jean-Pierre Giroud
Laidlaw Waste Systems. Inc. - Ronald J. Poland/John P. Workman 
Novacor Chemicals Ltd. - Gary K. F. Yim
Wehran EnviroTech, Inc. - Mark A. Swyka
Tenax, S.p.A. - Pietro Rimoldi/Joseph Cavanaugh
Chambers Development Co.. Inc. - Thomas G. Quinn 
Amoco Fabrics and Fibers Co. - Gary Willibey 
U. S. Bureau of Reclamation - Alice I. Comer 
Emcon Associates, Inc. - Richard S. Thiel 
Himont, Inc. - B. Alam Shah
Conwed Plastics, Inc. - Chip Fuller
Nicolon Corporation (Ten Cate) - Dana Toups
James Clem Corporation - Richard W. Carriker
Occidental Chemical Corporation - David C. Lauwers
American Colloid Company (CETCO Div.) - Thomas G. Siam 
AccuLiner, Inc. - Douglas Newhouse
Hazen and Sawyer, Inc. - Gregory N. Richardson 
J & L Engineering, Inc. - John Boschuk. Jr.
Canadian General-Tower Ltd. - Paul Lussier
Huesker. Inc. - Thomas G. Collins
Solvay Polymers - Michael R. Mahan
AGP Laboratories, Inc. - Rodney N. Crenwelge 
U.S. Soil Conservation Service - James R. Talbot 
Naue-Fasertechnik GmbH - Georg Heerten
Synthetic Industries, Inc. - C. Ted Koerner
STS Consultants Ltd. - Cynthia Bonczkiewicz/Mark D. Sieracke 
Mobil Chemical Co. - Frank A. Nagy
Post, Buckley, Schuh and Jernigan, Inc. - Robert E. Mackey 
Reemay, Inc. - William M. Hawkins /Frank Baker
Quantum Chemical Co. (USI Division) - Adel N. Haddad 
NTH Consultants, Ltd. - Jerome C. Neyer/Edward Sander 
ATEC Associates, Inc. - William A. Cutter/Bob L. Whitfield 
Los Alamos National Laboratory - Robert E. Gillis



Vi



CONTENTS

Page Number

SESSION I - OVERVIEW AND PERSPECTIVES

1

15

20

29

SESSION II - MANUFACTURING QUALITY CONTROL OF GEOSYNTHETICS

36

41

48

vii

iii
iv

Foreward 
Acknowledgements .

Manufacturing and Construction Quality Control and 
Quality Assurance of Geosynthetics
Robert M. Koerner and David E. Daniel

The U.S. EPA's QA/QC Program for Waste Management 
Facilities
Robert E. Landreth .....

A State's Perspective on CQA/CQC in Environmental 
Containment System Design and Construction
Robert J. Phaneuf ....

Landfill Liner CQA: A Summary of Real Costs and a 
Question of True Value
Jeff A. Shepherd, Charles A. Rivette and Robin C. Nava

QC/CQC of Polyethylene Geomembranes 
Richard J. Schaefer....

Quality Control Used in the Manufacturing of Calendered 
PVC Geomembranes
David C. Lauwers .....

Manufacturing Hypalon® Geomembranes: Quality Control 
Review
Timothy A. Duhe .....



61

68

77

86

96

SESSION HI - CONSTRUCTION QUALITY ASSURANCE OF GEOSYNTHETICS

104

112

126

139

146

154

viii

Flaws in Current Quality Assurance Programs 
Gregory N. Richardson and John A. Bove

Construction Quality Assurance of Geosynthetic 
Appurtenances
Leo K. Overtnann and F. Wilhelm Stallard.

Field Construction Quality Assurance of Geotextile 
Installations
Richard S. Thiel and Michael G. Stewart

Quality Assurance of the Installation of Geogrids 
Cynthia Bonczkiewicz ....

Non-Destructive Testing of Geomembrane Seams
John F. Beech ....

Destructive Seam Analysis
Rodney N. Crenwelge and Wayne Youngblood .

Quality Control in the Manufacture of Adhesive-Bonded
Geosynthetic Clay Liners
Walter E. Grube, Jr. ....

Manufacturing Quality Control of Geosynthetic Clay Liners - 
A Manufacturer's Perspective
Georg Heerten, Kent P. von Maubeuge, Martin Simpson and
Clive Mills

Manufacturing Quality Control and Certification of 
Polyester Geogrids and Woven Geotextiles 
Marshall Gaddy and C. Joel Sprague

Quality Control in the Manufacture of Polyester Geotextiles
Jack W. Hodge

Manufacturing Quality Assurance and Construction 
Quality Control of Polypropylene Geotextiles 
Mark H. Wayne and Barry Christopher



166

SESSION IV - ROLE OF SPECIFIC ADVANCED LABORATORY TESTS

177

191

202

227

234

244

253

tx

Laboratory Conformance Testing: A Model Program 
David F. White and Sam R. Allen.

The Role of Fourier Transform Infrared Spectroscopy in
Quality Control and Quality Assurance
Richard W. Thomas .....

An Overview of Gel Permeation Chromotography in 
Material Evaluations
Jacqueline L. Henry and R. Michael Mahan

The Notched Constant Tensile Load (NCTL) Test to 
Evaluate Stress Cracking Resistance
Y. Grace Hsuan, Robert M. Koerner and
Arthur E. Lord, Jr. .

Residual Heat Stability as an Indicator of Flexible PVC 
Durability
Paul W. Lussier .....

The Application of Dynamic Mechanical Testing to 
Geosynthetics
B. Alam Shah ....

Author Index .
Subject Index.

High Pressure Oxidative Induction Time Analysis by 
Differential Scanning Calorimetry
Tony Tikuisis, Patrick Lam and Marlee Cossar .

13 C and 1 H Nuclear Magnetic Resonance Methodologies 
in Industrial Polymer Research and Production
Peter P. Chu and Eric T. Hsieh ....

266
267


