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From the Publisher
Unlike other volumes on the subject -- which focus on the geology of groundwater -- this text/reference takes
an engineering approach.

From the Inside Flap
PREFACE

The 1970s ushered in anew decade of environmental awareness in response to major air pollution and water
quality problems throughout the country. One of the primary missions of the newly formed Environmental
Protection Agency (EPA) was to define, maintain, and protect the quality of the nation's surface waters and
subsurface aquifers. The field of environmental engineering was in its infancy, but hydrologists, civil and
environmental engineers, hydrogeologists and other scientists were needed to provide the necessary expertise
and engineering designs for water pollution control of surface waters.

By the late 1970s, the discovery of hazardous wastes at sites such as Love Canal in New Y ork, the Denver
Arsenal in Colorado, and a number of chlorinated organics sites in California and Arizona ushered in a new
era in hazardous waste site problems. In the early 1980s, a large number of major disposal sites were
discovered associated with industrial and military practices. These sites had been in place for decades. As a
result, literally thousands of studies of active and abandoned waste sites and spills were conducted, as
required by Resource Conservation and Recovery Act (RCRA) and the Superfund legislation administered
by EPA, all designed to protect ground water quality (Chapter 14). During this time, hydrogeol ogists and
consulting engineers were collecting samples, characterizing geology, analyzing data, and remediating
hazardous waste sites with respect to ground water contamination. More than 1500 hazardous waste sites
were eventually placed on the National Priorities List and thousands of other sites still remaining to be
cleaned up.



By 1985, leaking underground fuel tanks became one of the most ubiquitous of all subsurface contamination
issues. In addition, chlorinated hydrocarbon sites were recognized as some of the most difficult to remediate
due to the presence of newly discovered non-agqueous phase liquids (NAPLS). But as these sites and others
were being investigated and remediation systems were being designed and installed across the country, it
became clear by 1989 that many of these systems were not working to cleanup aquifers to drinking water
standards. By the early 1990s, EPA and the National Research Council found that the nation was wasting
large sums of money on ineffective remediation systems, such as pump and treat (see Chapter 13).

Along with the maturing of environmental engineering and related ground water fields in the eighties,
attention to hazardous waste problems has greatly expanded the scope and emphasis of traditional ground
water investigations. Contaminant transport in the subsurface is of paramount importance and encompasses
physical, chemical, and biological mechanisms which affect rates of migration, degradation, and ultimate
remediation. In the nineties, many of the these complex transport mechanisms were evaluated at actual field
sites or in supporting laboratory studies.

After all of the efforts spent on analyzing and remediating soluble contaminant plumes, scientists and
engineers in the nineties and beyond 2000 must be prepared to deal with more complex problems. These
include source zone areas with non-aqueous phase liquids (NAPLS), residual oils, and vapors in the
unsaturated zone. LNAPLSs, which float on the water table, and DNAPLSs, which sink to the bottom of an
aquifer, can leach contamination for decades to shallow ground water aquifers. Specialized remediation
schemes, which might involve a variety of methods for a mixture of chemicals, must now be evaluated in
complex ground water settings. The old concept of simply pumping out the contaminated ground water does
not effectively work to return an aguifer to useful condition. Rather, new and emerging methods and models
must be considered in order to address and possibly control complex NAPL source zones.

The second edition of our textbook has been written to better address the scientific and engineering aspects
of subsurface contaminant transport and remediation in ground water. This book contains traditional
emphasis on site characterization and hydrogeologic evaluation, but with an orientation to the engineering
analysis and modeling of complex field problems, compared to other texts written primarily for
hydrogeologists. The current text is a departure from past efforts in that it is written from both a theoretical
and practical viewpoint with engineering methods and transport theory applied directly to hazardous waste
site investigation. Entire chapters are included on biodegradation, soil vapor transport, contaminant transport
modeling, and site remediation. A number of new case studies have been added that illustrate the various
evaluation schemes and emerging remediation techniques.

This second edition is designed for hydrologists, civil, environmental, and chemical engineers,
hydrogeologists, and other decision makers in the ground water field who are or will be involved in the
evaluation and remediation of the nation's ground water. However, the field of ground water contamination
has changed rapidly in recent years (since 1994) as new remediation techniques are being researched in
laboratories and at many field sites nationwide. Any modern student of the topic must keep awatchful eye on
the literature, which reports both results and breakthroughs on a monthly basis. We hope this text will
provide the fundamentals for understanding and incorporating new approaches into the more traditional
methods developed in site investigations of the past two decades.

The legal framework of ground water legislation under RCRA and Superfund has provided significant
guidance and funding for many of the ground water studies which have been performed to date. These



comprehensive legal instruments set into motion an entire industry devoted to the identification,
characterization, and remediation of hazardous waste sites throughout the U.S. As a result of billions of
dollars allocated for remedial investigations and studies in the past 20 years, thousands of engineers and
scientists now form the core of the ground water and remediation industry. During this time, college and
university programs quickly added ground water flow and transport courses to their traditional fields of civil
and environmental engineering and geology. And professional groups, such as the Assn. of Ground Water
Scientists and Engineers, saw their memberships grow in response to the challenge of education and
technology transfer.

Our new revision was written in response to the tremendous demand in the college classroom and in the
environmental industry for a modern engineering approach to ground water contamination problems of the
nineties and beyond. Any practicing hydrologist or engineer today must understand mechanisms of ground
water flow (Chapters 2 and 3), sources of contamination (Chapter 4), site investigations (Chapter 5), and
contaminant transport (Chapters 6 and 7). In addition, biodegradation (Chapters 7 and 8), modeling
approaches (Chapter 10), NAPL impacts in source areas and plumes (Chapters 11), natural attenuation
(Chapter 12), and emerging remediation schemes (Chapter 13) are covered. In the second edition, Chapters
4,7,8,9, 11, 12, and 13 have been completely rewritten to better reflect current trends and ideas. Many new
examples and case studies have been added based on emerging methods from the current literature, A new
chapter on natural attenuation and risk assessment has been added, along with detailed discussions of
emerging remediation methods such as surfactant and co-solvent soil flushing for sites contaminated with
residual oils. The organization is described in more detail in Chapter 1.

From the Back Cover

Unlike other volumes on the subject — which focus on the geology of groundwater — this text/reference
takes an engineering approach. Features concise presentations of both theory and examples — including
extensive case studies from actual remedial investigations and site remediation. Contains full coverage of
numerical transport modeling. For engineers specializing in groundwater hydrology and contamination —
with afocus on remediation (clean-up).
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PREFACE

The 1970s ushered in a new decade of environmental awareness in response to major air pollution and water
quality problems throughout the country. One of the primary missions of the newly formed Environmental
Protection Agency (EPA) was to define, maintain, and protect the quality of the nation's surface waters and
subsurface aquifers. The field of environmental engineering was in its infancy, but hydrologists, civil and
environmental engineers, hydrogeologists and other scientists were needed to provide the necessary expertise
and engineering designs for water pollution control of surface waters.

By the late 1970s, the discovery of hazardous wastes at sites such as Love Canal in New Y ork, the Denver
Arsenal in Colorado, and a number of chlorinated organics sitesin California and Arizona ushered in a new
era in hazardous waste site problems. In the early 1980s, a large number of major disposal sites were
discovered associated with industrial and military practices. These sites had been in place for decades. Asa
result, literally thousands of studies of active and abandoned waste sites and spills were conducted, as
required by Resource Conservation and Recovery Act (RCRA) and the Superfund legislation administered
by EPA, all designed to protect ground water quality (Chapter 14). During this time, hydrogeologists and
consulting engineers were collecting samples, characterizing geology, analyzing data, and remediating



hazardous waste sites with respect to ground water contamination. More than 1500 hazardous waste sites
were eventually placed on the National Priorities List and thousands of other sites still remaining to be
cleaned up.

By 1985, leaking underground fuel tanks became one of the most ubiquitous of all subsurface contamination
issues. In addition, chlorinated hydrocarbon sites were recognized as some of the most difficult to remediate
due to the presence of newly discovered non-agqueous phase liquids (NAPLS). But as these sites and others
were being investigated and remediation systems were being designed and installed across the country, it
became clear by 1989 that many of these systems were not working to cleanup aquifers to drinking water
standards. By the early 1990s, EPA and the National Research Council found that the nation was wasting
large sums of money on ineffective remediation systems, such as pump and treat (see Chapter 13).

Along with the maturing of environmental engineering and related ground water fields in the eighties,
attention to hazardous waste problems has greatly expanded the scope and emphasis of traditional ground
water investigations. Contaminant transport in the subsurface is of paramount importance and encompasses
physical, chemical, and biological mechanisms which affect rates of migration, degradation, and ultimate
remediation. In the nineties, many of the these complex transport mechanisms were evaluated at actual field
sites or in supporting laboratory studies.

After all of the efforts spent on analyzing and remediating soluble contaminant plumes, scientists and
engineers in the nineties and beyond 2000 must be prepared to deal with more complex problems. These
include source zone areas with non-aqueous phase liquids (NAPLSs), residual oils, and vapors in the
unsaturated zone. LNAPLSs, which float on the water table, and DNAPLS, which sink to the bottom of an
aguifer, can leach contamination for decades to shallow ground water aquifers. Specialized remediation
schemes, which might involve a variety of methods for a mixture of chemicals, must now be evaluated in
complex ground water settings. The old concept of simply pumping out the contaminated ground water does
not effectively work to return an aquifer to useful condition. Rather, new and emerging methods and models
must be considered in order to address and possibly control complex NAPL source zones.

The second edition of our textbook has been written to better address the scientific and engineering aspects
of subsurface contaminant transport and remediation in ground water. This book contains traditional
emphasis on site characterization and hydrogeologic evaluation, but with an orientation to the engineering
analysis and modeling of complex field problems, compared to other texts written primarily for
hydrogeologists. The current text is a departure from past effortsin that it is written from both a theoretical
and practical viewpoint with engineering methods and transport theory applied directly to hazardous waste
site investigation. Entire chapters are included on biodegradation, soil vapor transport, contaminant transport
modeling, and site remediation. A number of new case studies have been added that illustrate the various
evaluation schemes and emerging remediation techniques.

This second edition is designed for hydrologists, civil, environmental, and chemical engineers,
hydrogeologists, and other decision makers in the ground water field who are or will be involved in the
evaluation and remediation of the nation's ground water. However, the field of ground water contamination
has changed rapidly in recent years (since 1994) as new remediation techniques are being researched in
laboratories and at many field sites nationwide. Any modern student of the topic must keep awatchful eye on
the literature, which reports both results and breakthroughs on a monthly basis. We hope this text will
provide the fundamentals for understanding and incorporating new approaches into the more traditional



methods developed in site investigations of the past two decades.

The legal framework of ground water legislation under RCRA and Superfund has provided significant
guidance and funding for many of the ground water studies which have been performed to date. These
comprehensive legal instruments set into motion an entire industry devoted to the identification,
characterization, and remediation of hazardous waste sites throughout the U.S. As a result of billions of
dollars allocated for remedial investigations and studies in the past 20 years, thousands of engineers and
scientists now form the core of the ground water and remediation industry. During this time, college and
university programs quickly added ground water flow and transport courses to their traditional fields of civil
and environmental engineering and geology. And professional groups, such as the Assn. of Ground Water
Scientists and Engineers, saw their memberships grow in response to the challenge of education and
technology transfer.

Our new revision was written in response to the tremendous demand in the college classroom and in the
environmental industry for a modern engineering approach to ground water contamination problems of the
nineties and beyond. Any practicing hydrologist or engineer today must understand mechanisms of ground
water flow (Chapters 2 and 3), sources of contamination (Chapter 4), site investigations (Chapter 5), and
contaminant transport (Chapters 6 and 7). In addition, biodegradation (Chapters 7 and 8), modeling
approaches (Chapter 10), NAPL impacts in source areas and plumes (Chapters 11), natural attenuation
(Chapter 12), and emerging remediation schemes (Chapter 13) are covered. In the second edition, Chapters
4,7,8,9, 11, 12, and 13 have been completely rewritten to better reflect current trends and ideas. Many new
examples and case studies have been added based on emerging methods from the current literature, A new
chapter on natural attenuation and risk assessment has been added, along with detailed discussions of
emerging remediation methods such as surfactant and co-solvent soil flushing for sites contaminated with
residua oils. The organization is described in more detail in Chapter 1.

From the Back Cover

Unlike other volumes on the subject — which focus on the geology of groundwater — this text/reference
takes an engineering approach. Features concise presentations of both theory and examples — including
extensive case studies from actual remedial investigations and site remediation. Contains full coverage of
numerical transport modeling. For engineers specializing in groundwater hydrology and contamination —
with afocus on remediation (clean-up).
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By the late 1970s, the discovery of hazardous wastes at sites such as Love Canal in New Y ork, the Denver
Arsenal in Colorado, and a number of chlorinated organics sitesin California and Arizona ushered in a new
era in hazardous waste site problems. In the early 1980s, a large number of major disposal sites were
discovered associated with industrial and military practices. These sites had been in place for decades. As a
result, literally thousands of studies of active and abandoned waste sites and spills were conducted, as
required by Resource Conservation and Recovery Act (RCRA) and the Superfund legislation administered
by EPA, all designed to protect ground water quality (Chapter 14). During this time, hydrogeol ogists and
consulting engineers were collecting samples, characterizing geology, analyzing data, and remediating
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were eventually placed on the National Priorities List and thousands of other sites still remaining to be
cleaned up.

By 1985, leaking underground fuel tanks became one of the most ubiquitous of all subsurface contamination
issues. In addition, chlorinated hydrocarbon sites were recognized as some of the most difficult to remediate
due to the presence of newly discovered non-aqueous phase liquids (NAPLS). But as these sites and others
were being investigated and remediation systems were being designed and installed across the country, it
became clear by 1989 that many of these systems were not working to cleanup aquifers to drinking water
standards. By the early 1990s, EPA and the National Research Council found that the nation was wasting



large sums of money on ineffective remediation systems, such as pump and treat (see Chapter 13).

Along with the maturing of environmental engineering and related ground water fields in the eighties,
attention to hazardous waste problems has greatly expanded the scope and emphasis of traditional ground
water investigations. Contaminant transport in the subsurface is of paramount importance and encompasses
physical, chemical, and biological mechanisms which affect rates of migration, degradation, and ultimate
remediation. In the nineties, many of the these complex transport mechanisms were evaluated at actua field
sites or in supporting laboratory studies.

After all of the efforts spent on analyzing and remediating soluble contaminant plumes, scientists and
engineers in the nineties and beyond 2000 must be prepared to deal with more complex problems. These
include source zone areas with non-aqueous phase liquids (NAPLS), residual oils, and vapors in the
unsaturated zone. LNAPLS, which float on the water table, and DNAPLS, which sink to the bottom of an
aguifer, can leach contamination for decades to shallow ground water aquifers. Specialized remediation
schemes, which might involve a variety of methods for a mixture of chemicals, must now be evaluated in
complex ground water settings. The old concept of simply pumping out the contaminated ground water does
not effectively work to return an aguifer to useful condition. Rather, new and emerging methods and models
must be considered in order to address and possibly control complex NAPL source zones.

The second edition of our textbook has been written to better address the scientific and engineering aspects
of subsurface contaminant transport and remediation in ground water. This book contains traditional
emphasis on site characterization and hydrogeologic evaluation, but with an orientation to the engineering
analysis and modeling of complex field problems, compared to other texts written primarily for
hydrogeologists. The current text is a departure from past effortsin that it is written from both a theoretical
and practical viewpoint with engineering methods and transport theory applied directly to hazardous waste
site investigation. Entire chapters are included on biodegradation, soil vapor transport, contaminant transport
modeling, and site remediation. A number of new case studies have been added that illustrate the various
evaluation schemes and emerging remediation techniques.

This second edition is designed for hydrologists, civil, environmental, and chemical engineers,
hydrogeologists, and other decision makers in the ground water field who are or will be involved in the
evaluation and remediation of the nation's ground water. However, the field of ground water contamination
has changed rapidly in recent years (since 1994) as new remediation techniques are being researched in
laboratories and at many field sites nationwide. Any modern student of the topic must keep awatchful eye on
the literature, which reports both results and breakthroughs on a monthly basis. We hope this text will
provide the fundamentals for understanding and incorporating new approaches into the more traditional
methods developed in site investigations of the past two decades.

The legal framework of ground water legislation under RCRA and Superfund has provided significant
guidance and funding for many of the ground water studies which have been performed to date. These
comprehensive legal instruments set into motion an entire industry devoted to the identification,
characterization, and remediation of hazardous waste sites throughout the U.S. As a result of billions of
dollars allocated for remedial investigations and studies in the past 20 years, thousands of engineers and
scientists now form the core of the ground water and remediation industry. During this time, college and
university programs quickly added ground water flow and transport courses to their traditional fields of civil
and environmental engineering and geology. And professional groups, such as the Assn. of Ground Water



Scientists and Engineers, saw their memberships grow in response to the challenge of education and
technology transfer.

Our new revision was written in response to the tremendous demand in the college classroom and in the
environmental industry for a modern engineering approach to ground water contamination problems of the
nineties and beyond. Any practicing hydrologist or engineer today must understand mechanisms of ground
water flow (Chapters 2 and 3), sources of contamination (Chapter 4), site investigations (Chapter 5), and
contaminant transport (Chapters 6 and 7). In addition, biodegradation (Chapters 7 and 8), modeling
approaches (Chapter 10), NAPL impacts in source areas and plumes (Chapters 11), natural attenuation
(Chapter 12), and emerging remediation schemes (Chapter 13) are covered. In the second edition, Chapters
4,7,8,9, 11, 12, and 13 have been completely rewritten to better reflect current trends and ideas. Many new
examples and case studies have been added based on emerging methods from the current literature, A new
chapter on natural attenuation and risk assessment has been added, along with detailed discussions of
emerging remediation methods such as surfactant and co-solvent soil flushing for sites contaminated with
residual oils. The organization is described in more detail in Chapter 1.
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