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environment in the United States and providing a forum for state environmental policy makers. More
information about ITRC and its available products and services can be found on the Internet at
www.itrcweb.org.

DISCLAIMER

This document is designed to help regulators and others develop a consistent approach to their
evaluation, regulatory approval, and deployment of specific technologies at specific sites. Although
the information in this document is believed to be reliable and accurate, this document and all
material set forth herein are provided without warranties of any kind, either express or implied,
including but not limited to warranties of the accuracy or completeness of information contained in
the document. The technical implications of any information or guidance contained in this document
may vary widely based on the specific facts involved and should not be used as a substitute for
consultation with professional and competent advisors. Although this document attempts to address
what the authors believe to be all relevant points, it is not intended to be an exhaustive treatise on
the subject. Interested readers should do their own research, and a list of references may be provided
as a starting point. This document does not necessarily address all applicable heath and safety risks
and precautions with respect to particular materials, conditions, or procedures in specific
applications of any technology. Consequently, ITRC recommends also consulting applicable
standards, laws, regulations, suppliers of materials, and material safety data sheets for information
concerning safety and health risks and precautions and compliance with then-applicable laws and
regulations. The use of this document and the materials set forth herein is at the user’s own risk.
ECOS, ERIS, and ITRC shall not be liable for any direct, indirect, incidental, special, consequential,
or punitive damages arising out of the use of any information, apparatus, method, or process
discussed in this document. This document may be revised or withdrawn at any time without prior
notice.

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to determine the merits of,
any specific technology or technology provider through publication of this guidance document or
any other ITRC document. The type of work described in this document should be performed by
trained professionals, and federal, state, and municipal laws should be consulted. ECOS, ERIS, and
ITRC shall not be liable in the event of any conflict between this guidance document and such laws,
regulations, and/or ordinances. Mention of trade names or commercial products does not constitute
endorsement or recommendation of use by ECOS, ERIS, or ITRC.
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EXECUTIVE SUMMARY

Introduction

The environmental problems associated with DNAPLs (dense, nonaqueous-phase liquids) are well
known—they can be extremely difficult to locate in the subsurface; small amounts of DNAPL can
contaminate large volumes of an aquifer; they are not amenable to conventional groundwater
extraction technologies (e.g., “pump and treat”); restoration of DNAPL sites to drinking water
standards or maximum contaminant levels is considered unattainable.  These problems are the
foundation of many technical and regulatory barriers to DNAPL cleanup attempts.  Since 1999, the
DNAPLs Team has been trying to ease some of these barriers by informing the regulatory
community of developments in innovative approaches to DNAPL source zone characterization and
remediation.  To this end we have written four guidance documents that provide an overview of the
problem and guide the reader through the process of site characterization, technology selection, and
implementation.  This, our fifth document, provides guidance on assessing the performance of
DNAPL source zones remedies.

DNAPLs can be treated by implementing one of several or a combination of aggressive in situ
technologies, including surfactant/cosolvent flushing, in situ chemical oxidation, and in situ thermal
remediation.  Less aggressive technologies for treating DNAPLs, such as bioremediation, are
typically designed to address the dissolved plume but show some promise in treating sources.
Although the long-term containment option will likely remain a viable remedial strategy at most
complex DNAPL sites, the advent of aggressive source zone treatment technologies has caused a
reevaluation of the conventional wisdom that significant source removal is “technically
impracticable” at all DNAPL sites.  Despite the ever-increasing number of field applications of
DNAPL removal technologies, many unanswered questions remain regarding the effectiveness of
these technologies and how best to measure their performance with respect to site-specific remedial
objectives.  Furthermore, there is no consensus on the most appropriate set of performance metrics
with which to evaluate the benefits of mass removal from the DNAPL source zone, particularly the
short and long-term impacts on the rate of contaminant mass discharge or flux emanating from the
source zone.

This document is intended for regulators and others interested in learning about approaches to
performance monitoring while implementing various in situ technologies for the treatment of
DNAPLs.  In this document, we present a number of ways in which the success or failure in treating
a DNAPL source zone has been measured.  Because the vast majority of experience in DNAPL
source zone remediation has been in unconsolidated geologies, such as sands and silts, many of the
conclusions, recommendations, and lessons learned presented in this document do not necessarily
transfer to performance assessment in fractured bedrock, karst, or other consolidated geologies.

What Is Performance Assessment?

The task of evaluating the efficiency and effectiveness of a remedial action in meeting the
remediation and operational objectives established for the project is termed “performance
assessment.”  System effectiveness is the ability of the system to achieve remediation goals at a
given site, while “efficiency” refers to the optimization of time, energy, and cost toward the
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achievement of effectiveness.  The EPA defines performance monitoring as “the periodic
measurement of physical and/or chemical parameters to evaluate whether a remedy is performing
as expected.”  In terms of DNAPL source zone treatment, performance assessment involves the
collection and evaluation of conditions following treatment and the comparison of that information
to pretreatment or baseline conditions.

Measuring performance can be a difficult undertaking, particularly when clear, measurable goals
or metrics are not specified.  According to the National Research Council (NRC), verifying the
effectiveness of a remedial action typically involves quantifying reductions in “contaminant mass,
concentration, mobility, and/or toxicity” following implementation and evaluating whether the
performance objectives established for the project were achieved.  Consistent with the NRC’s
definition of technical performance, we consider effectiveness to be the degree to which a
technology application achieves risk reduction goals by reducing contaminant mass, concentration,
mobility, and/or toxicity while preventing the uncontrolled mobilization or further spread of
contaminants.

Establishing Performance Goals

Goals for a DNAPL source zone cleanup generally fall into three categories: short-term,
intermediate, and long-term performance goals.  Short-term goals focus on controlling DNAPL
mobility and mitigating the potential for further contaminant migration.  Long-term goals typically
target the achievement of compliance with regulatory criteria applicable to contaminated media at
the site, such as restoration of groundwater to drinking water standards.  Intermediate performance
goals are appropriate when guiding cleanup at a DNAPL source zone, where complete removal of
the source in one aggressive remedial effort is typically not feasible yet the levels of contamination
left behind are unacceptable.  Examples of intermediate performance goals might include depleting
the source sufficiently to allow for natural attenuation, preventing the migration of contaminated
fluids beyond the treatment zone, reducing dissolved-phased concentrations outside the source zone,
or reducing the mass discharge rate or flux emanating from the source.  According to EPA, a
“phased approach” to site cleanup generally accelerates risk reduction and achievement of long-term
goals.  For each phase, performance goals should be selected to guide the interim remedial action.
Selection of an appropriate set of performance goals is discussed in Section 3 of the document.

Categories of Performance Metrics

Depending on the goals of the remedial project, different field parameters or metrics are measured
and used to confirm attainment of those objectives or to evaluate progress.  Typically, this process
involves collecting groundwater or soil samples before and after treatment and comparing
contaminant concentration levels.  Applying these metrics and designing a performance monitoring
program are discussed in Section 4.  Although concentration data are useful, there are serious
deficiencies to relying solely on such point measurements to evaluate the effectiveness of a source
zone remedy.  Fortunately, there are numerous other metrics for measuring performance which are
discussed in terms of their utility in estimating source treatment progress, source mass reduction,
and source treatment impact.  Each metric has its advantages and limitations; no one metric is
appropriate for all cases.  To offset the limitations and uncertainties in relying on any one measure
of success, it is suggested that several lines of evidence be used.
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Estimates of DNAPL Source 
Treatment Impact (4.4)

Decrease in Toxicity (4.4.1)

Contaminant analysis:
• Soil cores
• Groundwater

Decrease in Mobility (4.4.2)

Determine NAPL Saturation:
• Soil core analysis
• PITT

Decrease in Plume Loading 
(4.4.3)

Measure mass flux:
• Transect of wells and

multi-level samplers
• Tubingen integrated

pumping tests
• Transect of borehole flux

meters

Estimates of DNAPL Source 
Treatment Progress (4.2)

Decrease in Soil Conc. (4.2.1)

Measure contaminants in soil 
cores

Decr. in Groundwater Conc. 
(4.2.2)

Measure contaminants in 
groundwater samples

Estimates of DNAPL Source 
Mass Reduction1 (4.3)

Mass Extracted (4.3.1)

Ex situ measurement of  waste
streams:
• Vapor
• NAPL
• Groundwater

Mass Destroyed In Situ (4.3.2)

Indicators of breakdown 
products in groundwater:
• Increase in chloride
• Change in C-14
• Change in Cl-isotopes

Mass Remaining (4.3.3)

Measure before/after masses:

• Soil Cores

• PITT

Potential Metrics for Performance Assessment of DNAPL Zone Treatment

Decrease in Soil Vapor Conc. 
(4.2.3)

Measure contaminants in soil 
vapor samples

Figure 4-1 in the document (reproduced below) illustrates the various categories of performance
metrics for assessment of DNAPL source zone treatment and directs the reader to the applicable
section of the document where further details and references can be found.

Performance Monitoring Tools

Although standard protocols for measuring the performance of DNAPL source zone treatment
technologies have not been established, a variety of assessment tools have been applied to making
performance measurements and are the focus of this document.  Groundwater sampling, soil core
analysis, and partitioning tracer tests are just a few examples of methods currently being used to
evaluate the effectiveness of source treatment.  These tools yield information about changes in the
concentration of contaminants in groundwater or the amount of mass remaining in the source zone
following treatment, but they do not provide direct evaluation of the flux of contaminants being
released from the source following treatment.  Attempts to determine this latter property have led
to a new type of performance measure—contaminant mass flux—that currently is the subject of
intensive research, development, and field evaluation.
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Technology-Specific Monitoring Considerations

Ideally, the effectiveness of any one DNAPL remediation technology should be evaluated using the
same performance goals and metrics as other technologies being considered so their relative
performance and benefits can be evaluated independent of the technology.  Methods for monitoring
system efficiency, however, must address technology-specific considerations.  For instance, the
effectiveness of a thermal technology like steam injection should be judged based on technology-
independent criteria such as how much the source strength was depleted or how much contaminant
mass was removed from the ground, but the program for monitoring system efficiency must be
technology specific.

Section 5 provides a brief description of some technologies employed for DNAPL source zone
remediation and offers some suggestions on the types of monitoring that may be appropriate for each
technology.  The information in Section 5 is intended as “suggested monitoring requirements” for
planning purposes—actual monitoring varies depending on site-specific conditions and the
technology being deployed.

Case Studies

Appendix B is intended to highlight the various approaches to performance assessment being used
to measure success at some recent DNAPL source zone treatment projects.  It contains several
succinct case studies that cover remedial goals and objectives, performance monitoring and
verification, and lessons learned.  The reader is encouraged to contact the technical or regulatory
person listed at the end of each case study for more detailed information.

Summary

Currently, there is no clear consensus based on objective guidelines as to the best way to evaluate
treatment performance and balance performance objectives against site-specific stratigraphy,
measurement uncertainties, regulatory acceptance, and cost.  At present, the best approach is for site
owners, regulators, and stakeholders to understand the options available and the benefits and
limitations of each so that informed decisions can be made.  The primary purpose of this document
is to provide that knowledge base.

It is essential to recognize that development of effective DNAPL source treatment assessment tools
is a work in progress.  Every assessment tool discussed in this document has both strengths and
weaknesses that must be considered when selecting a performance assessment strategy for a site.
There is a significant amount of research currently under way at the federal level, much of it funded
through the Department of Defense’s Strategic Environmental Research and Development Program,
which is focused on developing assessment tools for measuring the impacts of DNAPL source zone
treatment that cut across technologies and allow objective comparisons of performance and cost
among remedial alternatives to be made.
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STRATEGIES FOR MONITORING THE PERFORMANCE OF DNAPL SOURCE
ZONE REMEDIES

1.0 INTRODUCTION

This document describes various performance assessment strategies and methods being used in field
situations to measure the performance of in situ DNAPL source zone remediation systems.  In
addition, it presents new tools and approaches under development to measure the site-specific
impacts of source treatment on contaminants emanating from the source zone.

1.1  Problem Statement

In recent years, technologies for treating DNAPL (dense, nonaqueous-phase liquid) sources have
been employed under a variety of scenarios (demonstrations, pilot scale, and full scale) and geologic
conditions.  As a result of this experience, many lessons have been learned and useful information
obtained on how to design, construct, and operate these systems.  Despite the number of
deployments, many unanswered questions remain regarding the effectiveness of these technologies
and how best to measure their performance.  There is no consensus on the most appropriate set of
metrics with which to gauge success or the benefits of DNAPL source zone remediation, particularly
its impact on mitigating the environmental problem at hand (Rao, et al. 2001; SERDP, 2002a).

DNAPLs are defined as separate-phase, slightly water-soluble liquids having a specific density
greater than 1 (meaning they will sink in water).  Examples of DNAPLs include chlorinated
solvents, coal tar, creosote, and polychlorinated biphenyls (PCBs).  This document is intended for
the reader who is familiar with DNAPLs and their physical characteristics.

Every DNAPL site is different and requires tailoring a site-specific approach to implementing an
effective treatment technology and verifying its performance.  It is recommended that as new
advances in treatment technologies are published, the reader continue to explore these new
technologies.  Studies are being conducted that constantly improve upon current understandings of
how DNAPLs can be treated.

1.2  Scope of Document

1.2.1  Intent

This document is intended for regulators and others with an interest in learning about performance
verification as applied to the treatment of DNAPLs and the strategies used in designing a
remediation performance monitoring program.  It is assumed that a decision to implement some type
of source zone remedy has already been made or is being considered and that the reader is interested
in developing an appropriate DNAPL removal performance monitoring program.  Although some
of the methods may be applicable to source containment remedies, our focus is on measuring
performance of source treatment technologies, particularly in unconsolidated sediments within the
saturated zone.
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It is important to note that we are not attempting to predict the effectiveness of a particular source
zone reduction technology or forecast its performance.  Answers to questions such as, “Should
DNAPL source zone mass removal be attempted?”, “Will reducing source strength by removing
mass be beneficial?”, or “What are the limitations of X technology?” can be answered only through
careful analysis of site-specific conditions and may require numerical modeling.  We will, however,
discuss possible alternatives to the question “How can performance be verified?”and provide
guidance on developing a system performance monitoring program tailored to a specific source mass
reduction approach.

While this document does describe several performance assessment approaches and methodologies,
including a discussion of their applicability and limitations, its purpose is not to define or
recommend standard protocols for measuring performance of in situ remediation technologies.
Source zone treatment technologies are, in many cases, still under development, and there are no
guarantees with any of the current technologies that DNAPL will be completely removed.  Likewise,
none of the performance assessment technologies described in this document can completely remove
all the uncertainty associated with measuring performance or gauging success.

1.2.2  Organization

This document is organized into seven major sections.  This section (Section 1) introduces the topic
of remedial performance and stresses the importance of performance assessment.  Section 2 defines
some fundamental concepts relating to DNAPL source zone remediation that must be considered
when designing or approving a performance monitoring program.  In Section 3, some basic
strategies for performance assessment are covered, including establishing performance goals and
metrics, attaining data quality objectives, and developing an exit strategy.  Section 4 describes
various measures of success that have been used to evaluate DNAPL source treatment progress and
impact, while Section 5 presents technology-specific monitoring parameters and tools.  Section 6
discusses other issues that must be considered or may be encountered when designing or approving
plans for a DNAPL source zone remediation.  Finally, Section 7 lists references used in developing
this document.

In addition, there are six appendices: a list of acronyms (Appendix A); several case studies
highlighting performance monitoring approaches (Appendix B); discussion on the role of pilot
studies (Appendix C); the use of statistics (Appendix D); responses to reviewers’ comments
(Appendix E); and Interstate Technology & Regulatory Council (ITRC) contacts (Appendix F).

1.3  Defining Performance Assessment

Performance can be perceived differently depending on the “eye of the beholder.”  For example, to
a regulator charged with protecting public health and the environment, performance may be based
strictly on whether the project conforms to applicable state and federal rules and regulations.  To
property owners responsible for reducing risk and future liability, performance is not only a measure
of technical success of a technology but also defined by a business decision that allows them to cost-
effectively achieve regulatory criteria and successfully manage risk.  Depending on the contract
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mechanism and method of payment, remedial contractors responsible for building and operating a
treatment system are interested in achieving performance specifications goals as outlined in their
contract.  They may also want to achieve regulatory criteria to facilitate future business
opportunities.  Public stakeholders may define performance based on other concerns such as the
potential for disruption to the community, the production of secondary emissions, or avoidance of
post-remediation land use controls.

There are two primary criteria to be addressed in a remediation performance assessment:
effectiveness and efficiency.  Box 1-1 presents some terminology used in this document that may
help the reader to, among other things, discern between measurements used for assessing remedial
effectiveness and those for optimizing system efficiency.

1.3.1  Effectiveness

System effectiveness refers to the ability of the system to achieve remediation goals at a given site.
For example, if plume remediation is the primary goal for the site, system effectiveness may be
determined by the cumulative mass of contaminant removed from the aquifer or a permanent
decrease in contaminant concentrations observed at specified compliance monitoring wells.  Or
where reduction in DNAPL mobility is the goal, effectiveness may be expressed in terms of whether
continued DNAPL migration has been halted as a result of source treatment.

Measuring performance in terms of effectiveness can be a difficult undertaking, particularly when
clear, measurable goals or metrics are not specified.  According to the National Research Council’s
(NRC’s) 1997 report, verifying the effectiveness of a remedial action typically involves quantifying
reductions in contaminant mass, concentration, mobility, and/or toxicity following implementation
and evaluating whether the performance objectives established for the project were achieved (NRC,
1997).  Consistent with the NRC’s definition of technical performance, we consider effectiveness
to be the degree to which a technology application achieves risk reduction goals by reducing
contaminant mass, concentration, mobility, and/or toxicity while preventing the uncontrolled
mobilization or further spread of contaminants.

“Given the unknowns in fully defining the human health and environmental effect
of contaminants in ground water and soil, the dilemma is how to define

remediation technology performance in a way that is both quantifiable and
relevant to the goal of preventing adverse effects.” - NRC, 1997

1.3.2  Efficiency

System efficiency refers to the optimization of time, energy, and costs toward the achievement of
remediation effectiveness using a specific technology.  Efficiency is typically assessed by comparing
system operating parameters to design specifications.  For example, an in situ chemical oxidation
system may be effective at reducing contaminant concentrations initially, but the rate of reduction
can become successively lower and less efficient with each injection, in terms of the time, energy,
and money expended.  Collecting and analyzing system operation and process data to monitor
system efficiency is a standard practice at remediation projects.
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Box 1-1. Terminology Used in Evaluating Performance

intermediate performance goals: facility-specific goals established for source zones as
part of a “phased approach” to cleanup to monitor progress toward final cleanup goals
for the site.  May include removing DNAPL to the extent feasible, preventing the
migration of DNAPL constituents, meeting certain numerical cleanup criteria, or
mitigating the risk of exposure.

operational objectives: objectives describing what is to be achieved by the process
utilized to effect remediation.  These objectives focus on the efficiency of the engineered
system.

performance assessment: the task of evaluating the efficiency and effectiveness of a
remedial action in meeting the remediation and operational objectives established for the
project.

performance metrics:  environmental conditions and parameters monitored to evaluate
progress or measured to confirm attainment of response objectives and criteria.

performance monitoring:  monitoring conducted specifically to collect data in support
of the performance assessment program.  EPA defines performance monitoring as “the
periodic measurement of physical and/or chemical parameters to evaluate whether a
remedy is performing as expected.”

performance standards:  the predicted level of performance achievable under
controlled conditions by a particular technology based on experience in field
applications.  Performance standards are useful for estimating costs and in making
comparisons among remedial alternatives.

response boundary: the point or plane at which a facility is expected to monitor and
achieve response objectives (e.g., media-specific cleanup levels).  Also referred to as a
“control plane.”

response objectives: qualitative and quantitative objectives describing what is to be
achieved by a particular operation.  Data collected during effectiveness monitoring are
evaluated to assess attainment of these objectives.

termination criteria:  measurable, technology-specific parameters used to gauge
whether or not the current remedial phase is complete and the system is ready to be
shut down or transitioned to the next phase.  Termination criteria are typically based on
numerical targets or endpoints to which operational monitoring data are compared.

1.4  Goals and Outcomes of Performance Assessment

Below are listed some of the ways performance monitoring data are used.  These examples are
intended to stress the importance of having an adequate performance assessment plan.
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To Optimize System Operation

By monitoring the efficiency and effectiveness of a unit operation or process, the system can be
optimized and the site cleaned up faster and/or cheaper.  Performance monitoring may also be useful
when evaluating whether advances in technologies or implementation approaches could improve the
ability of a remedy to achieve cleanup goals, to detect changes in environmental conditions that may
reduce the efficacy of the remedy, or to detect conditions in the environment that could impact the
effectiveness of the remedy.

When the data indicate that remedial progress has stalled or has reached a point of diminishing
returns and simple adjustments in system operating parameters do not improve performance, the
project team should consider a remedial process optimization (RPO) evaluation.  Guidance on
performing RPO evaluations is contained in the Remedial Process Optimization Handbook,
produced by the Air Force Center for Environmental Excellence (AFCEE, 2001), as well as the
ITRC’s RPO Team document (ITRC, in preparation).

To Confirm Effectiveness of Cleanup

Confirming effectiveness of the DNAPL treatment technology can be based on achieving regulatory
criteria in soil and/or groundwater at predetermined, site-specific points of compliance.  Typically,
these points of compliance are located well beyond the area undergoing active remediation and may
not respond immediately to a reduction in source mass.  A long-term monitoring program is
therefore usually required once active source zone remediation has ceased to evaluate whether
compliance has been achieved in the affected aquifer.  Modeling can also be used to predict the
decrease in plume longevity if plume restoration is a long-term goal.  Assessment of effectiveness
can also be based on achieving intermediate performance goals at a control plane or response
boundary located within or just beyond the treatment area as part of a phased cleanup.

To Monitor Potential Impacts Beyond the Treatment Zone

The potential for contaminants to migrate beyond the treatment zone during aggressive source
removal actions is a concern expressed by regulators and the public at many DNAPL projects.  By
monitoring pertinent parameters (e.g., groundwater or vapor contaminant concentrations) at the
perimeter of the treatment zone, project managers can verify that no unacceptable exposure to down-
gradient receptors is occurring.  In this way, potential impacts to the environment as a result of
treatment can be assessed and timely action taken to prevent further migration or possible exposure
during remediation efforts.  Performance monitoring data can also be used to identify any potentially
toxic and/or mobile transformation products that may have formed and verify that the environmental
problem is not being exacerbated.
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To Facilitate Efficient Coupling of Remediation Technologies

Evaluation of performance monitoring data gives the remediation professional feedback to determine
whether the remedial system is progressing as intended and when it may be time to transition to
another technology if necessary.  Many of the source zone technologies may be combined in a
“treatment train” approach, either sequentially or contemporaneously, to more efficiently reduce
source strength or longevity.  For instance, cosolvent flushing of a chlorinated solvent source zone
with ethanol coupled with enhanced bioremediation at the periphery of the source zone has been
demonstrated (Jawitz, et al., 2000).  Another example is the coupling of chemical oxidation and
bioremediation.

For these and many other combinations, performance assessment is needed on an ongoing basis to
optimize the synergy and/or transition between technologies.  This optimization can include either
managing the application of specific amendments or determining an appropriate time to transition
from one coupled treatment process to the other.  Knowing when and where to implement specific
technologies and approaches requires close monitoring of performance data.

To Implement Performance-Based Contracts

There is typically a trade-off between an investment of resources for assessing performance and that
for conducting remedial efforts.  A cost-benefit analysis can be performed to evaluate this trade-off.
When considering remedial alternatives, the availability of performance guarantees included within
the price of technology application may be relevant.  Such performance-based contracts are designed
to encourage innovation and transfer the financial risk of source zone treatment by making the
vendor responsible for meeting performance objectives.  The contracted vendor will likely increase
the price as appropriate for the level of risk that is being assumed.  These types of contracts have
been commonly used for in situ thermal treatment to allow greater flexibility in operations and to
acknowledge the inherent uncertainties involved in subsurface DNAPL remediation.  A decision as
to who is responsible for conducting the performance evaluation should be stated contractually in
advance, as well as how payment schedules will be impacted by objectives that are not fully met.

To Support the Decision to Close a Site

Site closure is the process of obtaining release from remedial responsibilities under the operable
regulatory driver.  A regulatory decision supporting “no further action” (NFA) is commonly a
conditional release from further remedial requirements based on an agency’s determination that the
site does not constitute a threat to human health and the environment for the known environmental
conditions and for a specified type of land use.  Thus, the conditions of NFA decisions are highly
site-specific.

Performance assessment results are components of the NFA decision.  An assessment may show that
while some source mass remains in place, the impact on the dissolved plume does not constitute a
significant risk.  For example, a former manufacturing facility in Skokie, Illinois performed
remediation of DNAPL using electrical resistance heating (EPA, 2003a).  Performance assessment
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demonstrated that groundwater concentrations were reduced to below the Illinois EPA Tier III
groundwater cleanup levels but that residual DNAPL remained in place.  Illinois EPA granted an
NFA letter based on the performance assessment results, which included total mass removed in
extracted vapor and condensate, and a comparison of post-remediation groundwater concentrations
to Tier III cleanup levels.

2.0 THE CONCEPTUAL SITE MODEL AND DNAPL ZONE DYNAMICS

We cannot stress enough the importance of understanding the site’s history and contaminant
distribution/behavior and having a robust performance assessment plan based on that understanding
before attempting to remediate a DNAPL source zone.  Typically, this process is completed in an
interactive manner involving the responsible party, regulators, and public stakeholders.  The
resulting conceptual site model (CSM), based on a detailed characterization of baseline conditions
in the source zone and potential paths of exposure, should help identify the environmental matrices
to be monitored, the targeted treatment area, remedial action objectives, and a preliminary list of
performance goals and metrics.

The EPA Region VI Corrective Action Strategy (EPA, 2000a) defines the CSM as a “three-
dimensional ‘picture’ of site conditions” that “conveys what is known or suspected about a facility,
releases, release mechanisms, contaminant fate and transport, exposure pathways, potential
receptors, and risks.”  In this context, the CSM serves as the basis for conducting a risk evaluation
where potential human and environmental receptors are identified, the potential for complete
exposure pathways is determined, exposure point concentrations are estimated, and risk estimates
are developed.  From this evaluation, critical receptors and exposure pathways are identified along
with chemicals of concern, and the need for remedial action is defined based on current or likely
future risk potential.  In this way, the CSM and risk evaluation are translated into appropriate
remedial action objectives.

This section discusses, on an introductory level, some core concepts relating to DNAPL behavior
and distribution in the subsurface as they pertain to in situ source zone remediation involving
multiphase fluid flow.

2.1  Key Concepts Relating to DNAPLs

Key concepts described in this section include the physical behavior of DNAPLs, the definition of
a source zone, contaminant-phase distribution, nonaqueous-phase liquid (NAPL) saturation, and how
remediation technologies change the source zone architecture in order to enhance DNAPL recovery
or treatment.

The area targeted for application of an in situ DNAPL remediation technology is often synonymous
with the term “source zone.”  EPA defines the DNAPL zone as “that portion of the subsurface where
immiscible liquids (free-phase or residual DNAPL) are present either above or below the water
table” (EPA, 1996a).  The DNAPL source zone encompasses the entire subsurface volume in which


























































































































































































































































































































































































