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(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to the aver: ge
engineer in his or her everyday work, rather than findings that mv Le
useful only occasionally or rarely. It is not in any sense a “star.dard,
however, nor is it so elementary or so conclusive as to provide . “ri.ie ox
thumb” for nonengineers.
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expresses only one person’s observations or opinio.:¢); s the work of a
committee or group selected to assemble and €express information on a
specific topic. As often as practicable, the commitie i, under the direction
of one or more of the Technical Divisions a.d Councils, and the product
evolved has been subjected to review by ine L ecutive Committee of the
Division or Council. As a step in the }rocss of this review, proposed
manuscripts are often brought before the members of the Technical
Divisions and Councils for comr.ent; which may serve as the basis for
improvement. When published, ».:ch manual shows the names of the
committees by which it was cerapiled and indicates clearly the several
processes through wtliich it'nas passed in review, so that its merit may be
definitely understood.

In February 2242 \«ad revised in April 1982), the Board of Direction
voted to estab.izn i series titled “Manuals and Reports on Engineering
Practice,” tc include the manuals published and authorized to date, future
Manua!s ¢f Professional Practice, and Reports on Engineering Practice. All
such m.nuz. or report material of the Society would have been refereed in
a manner coproved by the Board Committee on Publications and would
be bound, with applicable discussion, in books similar to past manuals.
Nmbering would be consecutive and would be a continuation of present
snanual numbers. In some cases of joint committee reports, bypassing of
journal publications may be authorized.

A list of available Manuals of Practice can be found at https://ascelibrary.org/
page/books/s-mop.
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PREFACE

The Geoenvironmental Engineering Manual of Practice represents a
major effort undertaken by the Geoenvironmental Engineering Technical
Committee of the Geo-Institute of the American Society of Civil Engineers
(ASCE). The effort started in 2016 and involved 50 authors and reviewers.
The majority of the membership of the Geoenvironmental Engineering
Technical Committee was engaged in this effort as well as additional
leading geoenvironmental engineering professionals who were not
members of the Geoenvironmental Engineering Technical Committee with
expertise on the topics covered.

The manual is aimed to be a consensus document that provides concise,
straight-to-the-point documentation of aspects of geoenvironmental
engineering with an emphasis on engineering practice. It also outlines,
when appropriate, design procedures and recommendations for use in
engineering practice with the goal of developing a technical and scientific
resource for geoenvironmental engineering professionals. Although the
manual is a valuable technical source of information, and when necessary,
appropriate references to the scientific literature are provided, it is not
intended to provide an exhaustive state-of-the-art treatment of each topic
or to include a comprehensive synthesis of the literature. Instead, the goal
is to reflect the state of practice in the United States of America.

The manual preparation process was the following: Each chapter was
led by an invited lead author who prepared the main content of a chapter.
Subsequently, a minimum of two additional reviewers, or contributors,
critically reviewed and provided edits and amendments to the document.
Because the goal of the manual is to provide a consensus on each treated
topic, the reviewers/contributors were not anonymous, but worked
synergistically with the lead author to make amendments. For each
chapter, there were at least two rounds of review, although commonly,
several more rounds of review were conducted, until reviewers and

XXiii



XXiV PREFACE

contributors concurred on the content of each chapter. For some chapters,
depending on their contributions and the lead chapter author’s decision,
reviewers became coauthors. A minimum of one practitioner served as a
reviewer/contributor to each chapter to ensure that the topic is presented
in a manner that serves the professional community. During and following
the completion of the reviews by all reviewers, the Editor also reviewed
and provided edits for each chapter to ensure consistency throughout the
manual. The entire manual was then submitted to a Blue-Ribbon Review
Panel that consisted of leading geoenvironmental engineers in the field,
who provided feedback and comments on the entire manual. These
comments were addressed by the lead authors, and a revised document,
along with responses to the review comments, was prepared and
resubmitted to the Blue-Ribbon Panel Review that consisted of Prof. James
K. Mitchell, Prof. Craig Benson, and Dr. Rudolph Bonaparte. Because Dr.
Rudoph Bonaparte contributed extensive text in the chapter on Hazardous
Waste, an additional ad hoc Blue-Ribbon Review Panel member, Prof.
Krishna Reddy, re-reviewed that specific chapter.

The Geoenvironmental Engineering Manual of Practice covers a wide
range of geoenvironmental engineering practice, including contaminant
transport and fate, geomechanical and geochemical characterization,
waste material characterization and properties, design of base and cover
containment systems, static and seismic slope stability of waste
containment systems, and permeable and impermeable (cutoff) barriers,
as well as topics related to excavation, ground improvement, remediation,
and mine waste geotechnics. Despite the breadth of content included in the
manual, this manual does not exhaust the entire geoenvironmental
engineering practice. In some cases, such as geoenvironmental remediation,
we felt that extensive literature and manuals by the Environmental
Protection Agency (USEPA) and others existed that treated these topics,
whereas other topics were not completed during the manual preparation
process. In the end, the Editor decided that additional chapters can be
included in potential future revisions of the manual, and that the
professional community would be better served by the publication of this
first edition of the manual of geoenvironmental engineering practice rather
than delay further publication of the important content that has been
generated already.
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CHAPTER 1
CONTAMINANT TRANSPORT AND FATE

Joe Scalia and Charles Shackelford

1.1 INTRODUCTION

The purpose of this chapter is to provide a brief overview of the concepts
of contaminant transport and fate through porous media (i.e., soil). The
presentation is limited to one-dimensional (1D) transport of aqueous
miscible chemical species or solutes (e.g., dissolved contaminants) through
water-saturated porous media. The chapter is intended only to introduce
basic concepts and serve as a guide to the relevant literature. References
are provided to furnish the interested reader with additional relevant, and
substantially more comprehensive, literature on the topic.

1.2 MASS TRANSPORT

Transport of aqueous miscible chemical species or solutes typically is
governed by three primary processes: advection, diffusion, and dispersion.

Advection is the migration of solutes together with the flow of water
(solvent) in response to a hydraulic gradient, that is, the solute is carried
along with the flowing water. Nonreactive solutes are transported at an
average rate (assuming all pores are equally effective at conducting flow)
equal to the seepage velocity of water, v, [LT~!, where L = units of length
and T = units of time], defined as follows:

o, =2 (1-1)
n





