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EXECUTIVE SUMMARY 

Many sites with chlorinated organic contamination in groundwater throughout the nation have 
gone through extensive remedial evaluations and actions. The remedial alternatives for many of 
these sites include high-energy treatments such as pump-and-treat systems. After years of 
operation, the effectiveness of these high-energy processes has begun to diminish without 
remedial objectives being met. Other more effective remedial alternatives need to be 
implemented; however, there is a lack of guidance available to regulators and the environmental 
community regarding how and when to transition these sites to lower-energy remedial 
alternatives and eventually to monitored natural attenuation 
(MNA). To answer this need, the ITRC Enhanced 
Attenuation: Chlorinated Organics (EACO) Team 
developed this guidance, which includes a protocol to 
assist in a smooth transition (or a bridge) between 
aggressive remedial actions and MNA, and thus the 
concept of enhanced attenuation (EA) was born. 
 
EA is that “bridge,” incorporating three important features: the evaluation of mass balance, 
defined as the relationship between mass loading and attenuation capacity of an aquifer; a 
decision framework that provides guidance for site decisions, and a toolbox of potential EA 
technologies (known as “enhancements”) that optimize aquifer conditions to provide a 
sustainable treatment or, at least, minimize the energy needed to reduce contaminant loading 
and/or increase the attenuation capacity of an aquifer. The decision framework, in the form of a 
flowchart presented in Chapter 2, provides direction to regulators and practitioners on how to 
integrate EA into the remedial decision process. The EA approach is consistent with the current 
regulatory environment and can be accommodated within a broad range of regulatory programs 
such as those that follow the Comprehensive Environmental Resource Conservation Liability 
Act or state dry cleaner regulations. This new remedial framework and decision process will 
accelerate the environmental cleanup progress on a national scale and may reduce overall costs, 
while still providing protection to human health and the environment. 
 
Briefly, the EA decision framework achieves the following: 
 
• facilitates transition of contaminated sites through the remediation process 
• complements MNA and expands remediation opportunities 
• encourages energy efficiency and develops the best solutions for the environment 
 
EA provides an organized, scientific, and structured yet broadly usable approach to implement 
specific treatment technologies (“enhancements”) at appropriate sites and at appropriate times. 
Chapter 3 of this guidance discusses contaminant mass loading, aquifer attenuation capacity, and 
remediation treatment sustainability. These concepts and working methodology support all EA 
processes. While the underlying EA principles are not new, the EA concept was developed to 
address situations where natural attenuation processes, rates, or capacity are not sufficient to 
meet remedial goals. Specific elements considered in the EA decision framework include risk, 
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groundwater restoration goals by 
providing a “bridge” between 
source-zone treatment and MNA 
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remediation time frame, and cost criteria. Transitioning between source-zone treatment and 
MNA and/or between MNA and slightly more aggressive methods can be sequenced spatially as 
well as temporally. The EA decision framework also allows for situations where a site currently 
undergoing MNA may require enhancements due to changes in acceptable remediation time 
frames, cost, risk, or other conditions at the site. 
 
The basic premise of EA is that, for some sites, source mass flux reductions due to natural 
attenuation processes may not be sufficient to meet regulatory criteria, causing MNA alone to be 
an unacceptable treatment option. The concept of EA essentially asks the question, “Is it possible 
through enhancements to augment the natural attenuation processes so that they operate more 
effectively and sustain themselves without further intervention?” Thus, the goal is an accelerated 
reduction in mass flux of contaminants sufficient to meet regulatory requirements using MNA as 
the final treatment. It is important to bear in mind that meeting acceptable remediation time 
frames for MNA may require consideration of other risk-reduction strategies either preceding or 
in tandem with an MNA remedy. More importantly, it may require establishing interim 
remediation goals to measure MNA remedy success. 
 
Enhancements, discussed in Chapter 4, are lower-energy remediation technologies falling into 
two broad categories that either reduce the mass flux of contaminants from the source zone or 
increase the natural attenuation capacity of the aquifer downgradient from the source. They also 
have additional requirements regarding their capacity to achieve or maintain plume stability and 
eventual shrinkage, their ability to be monitored/validated, and their sustainability for a time 
sufficient to meet remediation goals. 
 
Chapter 5 presents a detailed example of the application of EA with illustrated discussions of 
contaminant mass flux and aquifer attenuation capacity. Also included in this section is summary 
information from a database developed as a repository for sites throughout the country where EA 
technologies were used for chlorinated organics remediation. This Web-based database contains 
case studies of both successful and unsuccessful applications of EA technologies. 
 
The team worked extensively with the U.S. Department of Energy (DOE) MNA/EA Technical 
Working Group through the entire EA decision framework development process. Both the DOE 
Technical Working Group and the ITRC team believe that the objective of the effort was to 
provide key scientific and technical aspects related to natural and enhanced attenuation of 
chlorinated organics and to provide a framework to encourage creative implementation of 
technologies based on defensible designs centered on contaminant mass loading and attenuation 
rates. The focus of this document is on chlorinated solvents due to the prevalence of groundwater 
contamination caused by this type of chlorinated organic. This resulted in the general affirmation 
of the approaches and guidance in the U.S. Environmental Protection Agency chlorinated solvent 
MNA directive and protocol of 1998 and 1999, OSWER Directive 9200.4-17P (1999, 
www.epa.gov/OUST/oswermna/mna_epas.htm). In addition, specific areas were identified for 
technical advances: mass balance as the framework for evaluating the attenuation processes and 
scientific techniques which integrate attenuation remedies for contaminated sites. 
 
Following the MNA/EA Decision Flowchart offers regulators and the entire environmental 
community the tools necessary for successful characterization, remedy selection and 

http://www.epa.gov/OUST/oswermna/mna_epas.htm
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implementation, site closure, and long-term monitoring. The team believes that through the use 
of this guidance, EA processes can successfully transition sites from active remediation to 
natural attenuation, with the ultimate goal of matching and optimizing the remedial strategy to 
the needs of the site. 




