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Abstract: Groundwater contamination by organic pollutants has become an important topic
since the early 1980s due to detection of large-scale contamination events. Since that time,
substantial research efforts have been focused on developing new and innovative technolo-
gies and management approaches to clean up organic-contaminated sites. With the develop-
ment of new and effective technologies, current research efforts are now more focused on
risk assessment and management at contaminated sites, and remediation in complex geolog-
ical environments. Although research, technology transfer, and public education have been
active links of the overall effort, still there is limited technology transfer and understanding
of common remediation technologies and corresponding analysis among practitioners and
managers. The goal of this monograph is to provide some insight into the remediation tech-
nologies associated with the saturated subsurface and corresponding analysis. It is intended
to improve the understanding of both existing practitioners and beginning engineers, geolo-
gists, water chemists, and biologists.
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MANUALS AND REPORTS
ON ENGINEERING PRACTICE

(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-
age engineer in his everyday work, rather than the findings that may be
useful only occasionally or rarely. It is not in any sense a “standard,” how-
ever; nor is it so elementary or so conclusive as to provide a “rule of
thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which
expresses only one person’s observations or opinions), is the work of a
committee or group selected to assemble and express information on a
specific topic. As often as practicable the committee is under the direction
of one or more of the Technical Divisions and Councils, and the product
evolved has been subjected to review by the Executive Committee of the
Division or Council. As a step in the process of this review, proposed
manuscripts are often brought before the members of the Technical Divi-
sions and Councils for comment, which may serve as the basis for
improvement. When published, each work shows the names of the com-
mittees by which it was compiled and indicates clearly the several pro-
cesses through which it has passed in review, in order that its merit may be
definitely understood.

In February 1962 (and revised in April 1982) the Board of Direction
voted to establish:

A series entitled “Manuals and Reports on Engineering Prac-
tice,” to include the Manuals published and authorized to date,
future Manuals of Professional Practice, and Reports on Engi-
neering Practice. All such Manual or Report material of the
Society would have been refereed in a manner approved by the
Board Committee on Publications and would be bound, with
applicable discussion, in books similar to past Manuals. Num-
bering would be consecutive and would be a continuation of
present Manual numbers. In some cases of reports of joint com-
mittees, bypassing of Journal publications may be authorized.
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FOREWORD

Groundwater contamination due to organic contaminants is a common
occurrence in the United States and elsewhere. The detection of large-scale
groundwater contamination in the United States in the early to mid-1970s
brought about the implementation of two important federal acts: the
Resources Conservation and Recovery Act of 1976 (RCRA) and the Com-
prehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA, or Superfund). With the initiation of these acts, research
related to soil and groundwater remediation accelerated and opened the
public debate on health hazards caused by contaminated drinking water.
The detailed investigation of early contaminated groundwater sites
revealed that hazardous organic contaminants ranging from gasoline to
chlorinated solvents were responsible for these widespread environmental
problems. It was also found that these contaminants entered the valuable
drinking water aquifers due to leaks and spills of underground storage
tanks and pipelines as well as unauthorized disposal of hazardous wastes.
When large-scale groundwater contamination was first detected, reme-
diation technologies were almost nonexistent, except pump-and-treat
technology. Therefore, great emphasis was placed by federal, state, and
private agencies on developing innovative technologies to treat contami-
nated groundwater so that health risks would be minimized and drinking
water sources preserved. However, early progress in remediation technol-
ogies was slow because of the lack of understanding of the physical,
chemical, and biological processes that control the fate and transport of
organic contaminants in the subsurface as well as the complexity of the
chemicals themselves. The processes controlling the environmental fate of
organic chemicals in the vadose zone are different from those in the satu-
rated zone. Similarly, different organic chemicals—ranging from hydro-
carbons to dense solvents—react differently to subsurface conditions.
Even in the presence of these difficulties and other limitations, such as
subsurface heterogeneity, researchers have developed many innovative
technologies to remediate aquifers contaminated with hazardous waste.
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