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Columbia, three federal agencies, tribes, and public and industry stakeholders. The organization is
devoted to reducing barriers to, and speeding interstate deployment of, better, more cost-effective,
innovative environmental techniques. ITRC operates as a committee of the Environmental Research
Institute of the States (ERIS), a Section 501(c)(3) public charity that supports the Environmental Council
of the States (ECOS) through its educational and research activities aimed at improving the 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

ITRC documents and training are products 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 all ITRC products is believed to be reliable and accurate, the product
and all material set forth within 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
product or the suitability of the information contained in the product for any particular purpose. The
technical implications of any information or guidance contained in ITRC products 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 ITRC products attempt to address what the authors believe to be all
relevant points, they are not intended to be an exhaustive treatise on the subject. Interested parties should
do their own research, and a list of references may be provided as a starting point. ITRC products do not
necessarily address all applicable health 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 ITRC products 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 ITRC products. ITRC product content may be revised or withdrawn at any time
without prior notice.

ECOS, ERIS, and ITRC do not endorse or recommend the use of, nor do they attempt to determine the
merits of, any specific technology or technology provider through ITRC training or publication of guidance
documents or any other ITRC document. The type of work described in any ITRC training or 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 ITRC training or guidance
documents 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. The names,
trademarks, and logos of ECOS, ERIS, and ITRC appearing in ITRC products may not be used in any
advertising or publicity, or otherwise indicate the sponsorship or affiliation of ECOS, ERIS, and ITRC with
any product or service, without the express written permission of ECOS, ERIS, and ITRC.

EPA’s participation in this effort does not indicate that this document reflects the views of the agency or
provides any EPA guidance on this subject. For Superfund guidance on remedy selection in general and
how some of the concepts in this document may, in appropriate circumstances, be considered by the
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EXECUTIVE SUMMARY

Numerous initiatives are taking place in the field of green and sustainable remediation (GSR). In
this technology overview document, the Interstate Technology & Regulatory Council (ITRC)
GSR Team introduces the concept of GSR and charts its current status. By providing some basic
definitions and describing the approaches of different agencies, states, and other entities, the
GSR Team aims to help educate and inform state regulators and other stakeholders in the
concepts and challenges of GSR. One of the greatest challenges of GSR is the current lack of
consensus on applying measures of sustainability. In this document, the GSR Team summarizes
current definitions and tools available to help users incorporate sustainability factors into site
management decision making. There is no industry-wide consensus on the definitions of the term
“green and sustainable”; therefore, discussions on this area may not be addressing consistent
concepts. This document is meant to be not guidance, but rather a discussion of ideas as they
currently appear to exist. It is expected that these concepts, definitions, and tools will continue to
rapidly evolve. This overview is a companion document to the GSR Team’s forthcoming
technical and regulatory guidance document.

The development and evolution of hazardous waste statutory and regulatory authorities and years
of experience in site remediation have produced an established process for remedy selection and
implementation based on protection of human health and the environment. Some past practices
have resulted in remedies for which green or sustainable aspects were not often considered,;
rather, if a remedial action considered green or sustainable elements, it was often as an
afterthought. The federal government, states, industry, and academia have all been hard at work
developing more comprehensive approaches to consideration of green remedial measures as part
of environmental restoration, thus making the development of this document timely. Green
remediation is not a stand-alone concept but is rather part of the overall remedial process to
protect human health and the environment. A global focus on assessing the causes of climate
change and a collective growing awareness of the potential adverse impacts of energy-intensive
remediation systems have resulted in an increasing array of directives and orders to minimize the
impact of the remedial environmental footprint, prompting the investigation and implementation
of GSR approaches.

Many federal and state-lead cleanup programs have begun to consider how remedial actions
could lower their environmental footprint. This is considered “greening” the cleanup or a green
remediation, whereas a sustainable cleanup would go further to consider economic and social
aspects. Most practitioners understand that sustainability involves three basic aspects, including
environmental, economic, and social considerations. Sustainability may be considered on a scale
from local to global effects of the remedy, depending on the boundaries identified during the
GSR planning process. This idea is discussed further in the planning section of the forthcoming
technical and regulatory guidance document.

Remedy decisions need to be made in the context of the regulatory scheme within which the
remedy is being conducted. For example, Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) or Resource Conservation and Recovery Act
(RCRA) programs have a regulatory process, and consideration of green remediation may be part



of remedy selections. Remedy decisions consider remedy cost and reasonably anticipated land
use as part of the alternatives development and remedy selection. More expansive concepts of
social and economics are generally not part of the remedy selection process under CERCLA but
may influence state and community acceptance, which is considered in remedial alternative
analyses. Remedies may often be implemented in ways that take into consideration social and
economic perspective.

The ITRC GSR Team envisions that greener remedies are a natural extension of these
established programs that can be considered as part of the remedial action process. There is a
clear need to implement remedies in a way that minimize the environmental footprint, and while
efforts to advance that goal are moving rapidly on many fronts, understanding what is meant by
the term “sustainable” is an ongoing effort. That effort includes identifying opportunities for
ensuring that remedies support the needs of the community.

While program-specific regulatory criteria do not address the broader societal and
macroeconomic considerations, programs operating under the National Oil and Hazardous
Substances Pollution Contingency Plan may allow for implementation of many sustainability
measures. Potential limitations to the inclusion of green remediation within the CERCLA and
RCRA regulatory framework are being identified and discussed, especially with regard to the
nine criteria currently applied to the standard remedy selection process. The U.S. Environmental
Protection Agency (EPA) is presently clarifying the role of green remediation within the context
of these criteria and believes that most green remediation measures fit nicely within the existing
criteria. EPA emphasizes that, while the evaluation of economic and social aspects of
sustainability of remediation is valuable and can help inform the overall course of cleanup,
specific inclusion of these aspects may exceed the authority of current regulatory programs.

This document presents GSR concepts that can provide consistency in application and
consideration of GSR during the site-management process. By approaching GSR as an improved
site-management process, impacts to human health and the environment can be effectively
addressed, while considering how to maximize social and economic benefits, thereby making
GSR a logical extension of the evolving remedial action process.

The GSR Team urges caution regarding the usage of GSR language and terminology, which is
under development across organizations and generalized in nature. A variety of terms are being
used, and care must be taken in using these terms specific to any program areas, such as
CERCLA.

Vi
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GREEN AND SUSTAINABLE REMEDIATION:
STATE OF THE SCIENCE AND PRACTICE

1. INTRODUCTION

In the context of this document, “remediation” is the abatement, cleanup, or use of a variety of
other methods to contain, remove, and/or destroy contaminants of concern from the environment
to protect human health. A remediation project typically consists of multiple stages, including
planning, investigation, assessment of remedial alternatives, remedy selection, remedy design,
and construction and implementation of the chosen remedy, often followed by years of operation
and maintenance and site management. A remediation project may also proceed to subsequent
site restoration and redevelopment to support the beneficial reuse of the site. Remediation
projects are typically subject to an array of regulatory and other stakeholder requirements.
Historically, these requirements have focused on human health and a limited number of different
environmental risks to inform the remedy selection process. Consistent with the regulations,
remediation needs to consider human health and environmental impacts that include the
environmental footprint of the remedy. A more holistic approach is increasingly being applied
during the remediation life cycle, namely the integration of “green and sustainable remediation”
(GSR).

“Green remediation” is the practice of considering all environmental effects of remedy
implementation and incorporating options to minimize the environmental footprints of cleanup
actions (EPA 2010b). Essentially, green remediation is the incorporation of environmental best
management practices (BMPs) that may be employed during a project, while “sustainable”
approaches may consider those emerging techniques that are both economical and capable of
achieving significant environmental and social benefits.

GSR is broadly defined in this document by the Interstate Technology & Regulatory Council
(ITRC) GSR Team as a remedy or combination of remedies whose net benefit to human health
and the environment is maximized through the judicious use of resources and the selection of
remedies that consider how the community, global society, and the environment would benefit,
or be adversely affected by, remedial investigation and corrective actions. This document applies
GSR best practices throughout the remediation life cycle from release detection through remedial
action completion. Protection of human health and the environment is still of paramount
importance, as well as complying with federal, state, and local regulations; however, GSR
principles factor into consideration a range of environmental issues and community impacts
aimed at maximizing the environmental, social, and economic considerations as appropriate.
Under some cleanup authorities, this approach may involve consideration of economic aspects
with ecological and social benefits in the decision-making process.

The incorporation of GSR principles and practices into remediation is evolving, coinciding with
the growth and maturation of the remediation industry. Fundamentally, remediation is inherently
focused on protecting human health and the environment; however, recent advances in
understanding risks associated with remedy implementation and risks posed by the remedies
themselves has provided changing perspectives on how to implement remedies to minimize the
environmental footprint. Remediation professionals are considering how best to design site
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investigation and remedial processes with an eye toward implementing green remediation and
GSR approaches. In addition, GSR techniques can be used to optimize older remediation
systems, ensuring the protectiveness of the remedy while increasing the efficiency of the
contamination containment/removal.

The selection of a remedy or alternative has historically been determined by the type of
contaminant and media affected, the location and characteristics of the cleanup site, and the
potentially exposed receptors and available cleanup technologies, combined with applicable state
and federal regulations. Under current regulatory frameworks, indicators of the success of an
environmental remediation project can potentially externalize many of the impacts associated
with remedial actions. However, it is becoming increasingly clear that there is a real need to
consider other factors that embrace GSR principles and practices so as to reduce the
environmental footprint, cost, and community impacts of a remedy. GSR includes consideration
of the environmental, economic, and social aspects associated with the entire life cycle of the
environmental cleanup project.

In an effort to advance the field of environmental remediation and consider how it may fit with
long-term sustainability, this document summarizes the current state of GSR. It also identifies
sources of additional information needed to educate and train state regulators and other
stakeholders.

An important aspect of defining and advancing the understanding of GSR approaches is the
confusion that exists with the terms “green remediation” and “GSR.” The authors of this
document believe that there are three main factors contributing to the lack of clarity with
terminology. First, statutory and regulatory authorities currently governing cleanups enacted in
the 1980s do not explicitly recognize sustainability principles as balancing factors (in the case of
Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] sites) or
corrective action design. Second, many organizations in the United States and in other countries
are drafting various, albeit reasonably similar, definitions and policies, all of which are unique
and serve differing purposes. Third, the two distinct, yet related terms, “green” and “sustainable”
are often used interchangeably. This document addresses each of these issues.

Another important aspect of this effort is that, due in part to the present statutory and regulatory
climate, the U.S. Environmental Protection Agency (EPA) is focused on green remediation
aspects of the GSR approaches described in this document. The EPA comments on an earlier
draft of this overview document noted that not all the macroeconomic and societal components
in this document may be accommodated under the CERCLA remedy selection criteria and thus
may not be applicable to National Priorities List (NPL), NPL equivalent, and federal facility
sites. EPA further noted that these components may not be used as a tenth balancing factor to the
existing nine criteria when selecting CERCLA remedial actions.

This document focuses on identifying the meaning of comprehensive GSR and capturing the
range of implementation efforts through local and worldwide organizations. The methodologies
for incorporating GSR will be addressed in the GSR Team’s forthcoming technical and
regulatory guidance document.
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2. DEFINITIONS

The terms “green” and “sustainable” have several evolving definitions. This section outlines a
number of key terms in use by a variety of leading GSR organizations. A compilation of
definitions offered by those organizations is provided for the following critical terms:

green
sustainable

green remediation

sustainable remediation

green and sustainable remediation

In addition, this section clarifies the meaning of each term as it is used in this document.
2.1 Green

Although there is no single definition of “green,” a broad definition is “being environment-
friendly or beneficial to the environment” (Vilsack 2009). “Green” solutions generally improve
the environment and/or use fewer natural resources. In general, the production or performance of
“green” processes, products, technologies, and procedures are favorable compared to other
options; that is, they have a more positive impact on their local or global surroundings, at a
specific time, than other possible alternatives. The term “green” does not necessarily imply a net
benefit to the environment from a holistic perspective (e.g., a product that uses less energy but
generates more waste could potentially be described as “green”).

2.2 Sustainable

“Sustainable” is a general concept with a wide array of existing definitions, mostly oriented
toward subcomponents of sustainability like sustainable development and sustainable
employment. Common themes include the holistic consideration of environmental, social, and
economic impacts of an activity and evaluation of these impacts on the future. EXxisting
definitions include the following:

e The traditional definition of sustainability calls for policies and strategies that meet society’s
present needs without compromising the ability of future generations to meet their own needs
(EPA 2010a).

e Sustainable development “meets the needs of the present without compromising the ability of
future generations to meet their own needs” (World Commission on Environment and
Development 1987).

e “To create and maintain conditions under which humans and nature can exist in productive
harmony, that permit fulfilling the social, economic, and other requirements of present and
future generations” (Executive Order 13514, 2009).

e “The capacity to continue [the Air Force’s] mission without compromise. It is the ability to
operate into the future without decline—either in the mission or the natural and man-made
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systems that support it. Sustainability is ensuring viable missions, while respecting the
resources that support them: human, financial, and the natural and built environments”
(AFCEE 2004).

e A strategy that “simultaneously meets current as well as future mission requirements world-
wide, safeguards human health, improves quality of life, and enhances the natural
environment” (U.S. Army 2004).

e “Sustainable practices are those that consider economic and natural resources, ecology,
human health and safety, and quality of life” (NAVFAC 2009).

e Sustainable development can be defined as “improvement of human life within the carrying
capacity of supporting ecosystem” (World Wildlife Fund).

e EPA definition of sustainable: “Today EPA aims to make sustainability the next level of
environmental protection by drawing on advances in science and technology, applying
government regulations and policies to protect public health and welfare, and promoting
green business practices” (EPA 2010a).

In a broader context, sustainability is an attempt to provide the best outcome in which the
diversity and quality of our surroundings are maintained or even improved, providing the
capacity to support the human and natural environment, the potential to adapt to future changes,
and the maintenance of a wide range of choices and opportunities for the future. Sustainability
includes the assessment and valuation of temporal effects, including the extent to which limited
resources may continue to be used effectively and beneficially in the future. These impacts and
benefits can also be viewed in the context of a life-cycle assessment of different remediation
alternatives.

2.3 Green Remediation

“Green remediation” refers to the use of environmentally conscious practices and approaches at
any stage in the site cleanup process to maximize net benefits for the environment. According to
EPA, green remediation is the practice of considering all environmental effects of remedy
implementation and incorporating options to minimize the environmental footprints of cleanup
actions (EPA 2010b).

Green remediation approaches typically use BMPs to reduce the impact of a remedial action on
the environment. Examples include the following:

e conserving natural resources

e using environmentally friendly products

e reducing, reusing, and recycling materials

e protecting and optimally using natural resources

e minimizing energy use, increasing energy efficiency, and using renewable energy

e reducing air emissions of dust, volatile organic compounds (VOCs), nitrogen oxides (NOy),
sulfur oxides (SOy), and greenhouse gases (GHG)
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e managing storm water and wastewater, controlling erosion and sediment accumulation, and
minimizing impacts on water resources

e designing treatment systems to provide optimum efficiency

using renewable resources such as wind and solar energy to meet power demands of

treatment systems

generating electricity from by-products such as methane gas or secondary materials

participating in power generation or purchasing partnerships based on renewable resources

minimizing fresh-water consumption and maximizing water reuse during treatment processes

preventing impacts such as nutrient loading on water resources

reclaiming treated water for beneficial use such as irrigation or for storage through aquifer

reinjection

2.4 Sustainable Remediation

“Sustainable remediation” refers to an integrated assessment of the environmental, economic,
and social impacts of remedial activities. Existing definitions include the following:

e “A remedy or combination of remedies whose net benefit on human health and the
environment is maximized through the judicious use of limited resources” (Hadley and Ellis
2009).

e The practice of demonstrating, in terms of environmental, economic, and social indicators,
that an acceptable balance exists between the effects of undertaking remediation activities
and the benefits that those activities deliver (SURF-UK 2009).

e “Sustainable practices result in cleanups minimizing the environmental and energy
“footprints’ of all actions taken during a project life” (EPA 2008b).

Sustainable remediation considers a range of environmental issues and community impacts and
integrates economic, ecological, and social implications into the consideration of the collateral
impacts of investigation and remediation activities. In addition to the techniques listed previously
under green remediation, sustainable remediation may also consider the following:

e impacts of site remediation on the surrounding community/region that are both economic and
social (e.g., job loss/creation, tax revenue from redevelopment of brownfield sites)

e effects on public health associated with remediation activities

e improved public health and safety through environmental remediation

e social benefits of site restoration activities (e.g., environmental justice and other equity
issues, increased adaptability)

e improved education, skills, values, and leadership capacity of individuals and/or the
community

e economic incentives for various remedial options/activities

e economic implications of carbon emissions/sequestration as a result of site remediation

e economic implications of changes in resource value as a result of site remediation (e.g.,
habitat loss/creation)
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e social implications of end land use (e.g., increased social inclusion and interaction, security,
and adaptability)

Sustainable remediation recognizes the social and economic context of the site. By recognizing
three aspects of sustainability—namely, environmental impacts, economic viability, and social
impacts—sustainable remediation goes beyond environmental stewardship through site
restoration and revitalization.

2.5 Green and Sustainable Remediation

“Green and sustainable remediation” is a term that collectively describes various remedial
approaches, ideas, and practices of green remediation and sustainable remediation. The following
is an existing description of GSR:

Green and sustainable remediation expands upon the Department [of Defense]’s current
environmental practices and employs strategies for cleanups that use natural resources
and energy efficiently, reduce negative impacts on the environment, minimize or
eliminate pollution at its source, protect and benefit the community at large, and reduce
waste to the greatest extent possible. Green and sustainable remediation uses strategies
that consider all environmental effects of remedy implementation and operation and
incorporates options to maximize the overall environmental benefit of cleanup actions
(DOD 2009).

The ITRC GSR Team offers another definition:

A scalable method for evaluating and implementing green and sustainable elements
beyond traditional decision-making factors. This scalable method can be applied at any or
multiple point(s) in the cleanup process, thus allowing the user the ability to identify,
evaluate, balance, and quantify environmental, economic, and social aspects. The GSR
process should help users identify factors and elements they may want to consider and
provide an approach for maximizing the short- and long-term social, economic, and
environmental goals under various cleanup programs while continuing to protect human
health and the environment.

Both EPA’s definition of “green remediation” and the Sustainable Remediation Forum (SURF)
definition of “sustainable remediation” have generated significant dialogue regarding what is
“green” and what is “sustainable.” This dialogue has greatly enhanced the evaluation and
reevaluation of traditional and innovative remedial approaches, including the metrics by which
remedial options have been or may be measured. Frame-of-reference plays a significant role in
identifying and measuring what is “green” or “sustainable” to stakeholders concerned with
environment, human health, and cost. Ideally, both “green” and *“sustainable” concepts will be
evaluated and, to the greatest extent possible, be integrated into remediation projects, to result in
a net benefit to local and global environments, societies, and economies.

Accordingly, the GSR Team will provide an integrated and consensus-based definition of “green
and sustainable remediation” in its forthcoming technical and regulatory guidance document that
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will offer a common reference for the environmental remediation community. The following
draft definition will likely be modified as the document is developed:

Green and sustainable remediation is a spectrum standard for site-specific employment of
products, processes, technologies, and procedures that mitigate contaminant risk to
receptors while making decisions that are cognizant of balancing net environmental
effects, community goals, and economic impacts.

While the definitions described in this chapter capture the fundamental tenets of green and
sustainable remediation, they are subject to interpretation by the user depending on the context in
which they will be implemented. The application of GSR concepts is in its infancy and is still
highly variable across the United States. As the state of the science rapidly evolves and green
and sustainable standards are further developed at all levels of government, these definitions will
be refined.

Also, the GSR Team notes that, while no specific technology or method can be exclusively
called or claimed to be a “green technology” or “green methodology,” some aspects of them can
be greener. Regulators, site owners, and other stakeholders should be cautioned about such
claims and be judicious in selecting appropriate remediation methods at their sites.

2.6 Social Aspect of Green and Sustainable Remediation

This document provides several definitions of green, sustainable, and green and sustainable
remediation. These definitions clearly state that the application of GSR approaches should
demonstrate, in terms of environmental, economic, and social indicators, the effects of the
remedial action and the benefits the same activities will deliver. Environmental indicators are
readily available and customarily used; economic indicators are also readily available and often
used to some extent, although much work is needed to capture the true cost of remedial actions,
including all externalities. The development of tools that address the social aspects of sustainable
practices is lagging behind the development of tools in the other two areas of sustainability.
Societal acceptance, benefits, and impacts are generally more difficult to define; however,
certain social indices can be considered appropriate to remediation activities.

Some of these indices are linked to environmental and economic measures. Certain societal
considerations are site and location specific, and quantifying these requires direct feedback from
stakeholders in the form of surveys, focus groups, or meetings. The EPA Office of Superfund
Remediation Technology Innovation (OSRTI) launched an effort to address the lack of
guidelines in the existing Superfund decision-making protocols for consideration of the social,
cultural, and economic impacts (Galisteo Consulting Group 2004). The results of the study were
quite clear: understanding the sociocultural impacts of EPA’s processes and actions can reduce
antagonistic working relationships, increase community involvement, and facilitate negotiations
and selection of remedies that are consistent with community needs, all of which are at the core
of sustainable remediation practices. Issues to be addressed in assessing social aspects include
impacts on human health and safety; ethical and equity considerations; impacts in neighborhoods
and/or regions; community involvement and satisfaction; compliance with policy objectives; and
strategies, uncertainty, and evidence.
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Ultimately, the output of an assessment of the social component of a remedial action is expected
to be mainly qualitative rather than quantitative. Combined with the limitations of the present
statutory and regulatory setting and the lack of specific expertise on social implications among
environmental practitioners, these issues present significant barriers to more widespread use of
social considerations in the planning for and implementation of remedial systems.

2.7 Green and Sustainable Remediation and Regulatory Framework

Though there are no regulations that specifically govern the GSR process, there are provisions in
several existing regulations where GSR principles are directly applicable. Remediation must
meet the substantive requirements of existing laws, regulations, and policies. Many of the
principles and practices of GSR reflect the concerns that are addressed by existing substantive
legal requirements such as discharge and emission criteria, tracking and appropriate disposal of
waste shipments, wetland replication requirements, BMPs pertaining to dust and noise
abatement, worker safety and exposure limits, and natural resource restoration. The
implementation of GSR principles and practices should be accompanied by a careful assessment
of the compliance requirements of the existing environmental legal framework and coordination
with any requirements to avoid duplication, redundancy, and potential conflict.

2.7.1 Federal Programs

Federal regulatory program are focused on the protection of human health and the environment.
The following federal statutes may apply to site cleanups:

Clean Water Act

National Environmental Policy Act

Rivers and Harbors Appropriations Act

Clean Air Act

Endangered Species Act

Resource Conservation and Recovery Act (RCRA)
National Historic Preservation Act

Office of Safety and Health Administration
Comprehensive Environmental Response Compensation and Liability Act
Solid Waste Disposal Act

Small Business Relief and Brownfields Revitalization Act

Many states have been authorized to implement one or more of the above regulatory programs
and may have adopted a state program that is broader in scope or more stringent than the federal
requirements.

2.7.2 State Programs

State regulatory programs are focused on protection of human health and the environment. To
that end, state regulatory site decisions will maintain a similar central focus as GSR policies or
procedures are developed and put in place. State programs, including leaking underground
storage tank (LUST), voluntary and brownfields cleanup programs, closed landfill, and other
programs, can incorporate GSR concepts to the degree they can be implemented in accordance
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with corresponding policy and regulatory frameworks. Certain state programs may find that
integration of GSR approaches enhances site management decisions, decreases remediation
timeframes, decreases overall cleanup costs, and incorporates community outreach and
communication. Those programs funded by state funds should consider communication not only
with the funders (e.g., LUST reimbursement programs) but also with brownfields grant funding
organizations. At the state and county level, these organizations provide the opportunity to
incorporate GSR concepts into their grant applications and reimbursement processes.

State-lead cleanup projects may find the greatest potential in assimilating GSR concepts due to
the leveraging control they have over site-specific work practices, contract requirements, and
reporting requirements.

2.7.3 Incorporation of CERCLA and RCRA Remedy Selection Criteria

In general, CERCLA and RCRA programs, as well as other program areas, have room for
inclusion of GSR considerations under existing conditions and the development of a broader
adoption of BMPs that incorporate GSR principles. For example, there are nine existing criteria
that pertain to remediation under CERCLA and provide the framework to implement GSR. The
nine criteria include two threshold criteria: (1) the overall protection of human health and the
environment and (2) compliance with applicable, relevant, and appropriate requirements; five
balancing criteria: (3) long-term effectiveness and permanence, (4) reduction in toxicity,
mobility, and volume, (5) short-term effectiveness, (6) implementability, and (7) cost; and two
modifying criteria: (8) state acceptance and (9) community acceptance. Substantial work is
proceeding within EPA to identify how green and sustainable remediation practices can be
incorporated into the Superfund process and to promote the development and broader adoption
of BMPs that incorporate GSR principles and result in a minimized environmental footprint as
appropriate.

3. INVENTORY OF GSR-RELATED EFFORTS

During the period when this document was under development, green remediation policies and
white papers continued to be developed, and GSR practices continued to be implemented. Over
the same period, various entities advanced sustainable remediation by developing approaches
that consider environmental actions for impacted sites along with economic considerations and
social aspects. Green remediation policies are being implemented, while comprehensive GSR is
slowly developing and gaining acceptance. International organizations and countries have
developed some of the underlying premises on which GSR policies and programs in the United
States are based. Many of these are focused on green remediation—reducing emissions,
conserving natural resources, and using BMPs to do things more efficiently. This section
identifies a number of the organizations involved with the development of green remediation or
GSR policies and practices, including state, federal, military, and private entities and
international groups. It should be noted that this inventory is expected to change substantially as
GSR knowledge, acceptance, and implementation continue to evolve and the GSR Team
completes its technical and regulatory guidance document.
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3.1 State Regulatory Authorities

This section provides descriptions of a number of state programs that are advancing green
remediation or GSR programs through the development of policy and/or guidance documents
and tools. The following descriptions show that these programs are in various stages of
development and that the states are each addressing GSR in a unique manner.

3.1.1 Illinois Environmental Protection Agency Matrix

The Illinois Environmental Protection Agency Bureau of Land developed a matrix to emphasize
greener cleanups. Based on five guiding principles, this matrix helps maximize the
environmental benefits of site remediation. Using a two-tiered approach, a simple matrix and an
expanded matrix are created based on the complexities of a particular site. Mind maps and
decision trees are developed for LUST sites to guide these sites through required actions to
achieve greener cleanups.

Following are the five guiding principles of the Illinois Green Remediation program:

1. Ensure every cleanup protects human health and the environment.
2. Integrate site reuse plans into the cleanup strategy.
a. Sequence work to improve efficiency.
b. Make use of engineered barriers and institutional controls that are compatible with future
site development.
3. Conserve raw materials such as soil and water; salvage building materials and other
resources.
a. Reduce waste disposal.
b. Reduce the need for new materials, including clean fill and potable water.
c. Use existing infrastructure.
4. Conserve energy.
a. Reduce energy consumption.
b. Use renewable energy sources to power cleanup activities where possible.
5. Consider the environmental effects of treatment technologies when choosing a site remedy.
a. Compare options for contaminant disposition (permanent destruction, pollutant transfer
or management in place).
b. Evaluate resources demand.
c. Assess long-term stewardship responsibilities.

3.1.2  Wisconsin’s Initiative for Sustainable Cleanups (WISC)

WISC is a new initiative within the Remediation and Redevelopment Program of the Wisconsin
Department of Natural Resources (WDNR) to emphasize the applicability of sustainable
technologies in site remediation by saving energy, reducing GHGs, and minimizing waste
through reuse and recycling. By developing a Sustainable Remediation Reference Guide, WISC
will provide guidance to WDNR staff for baseline sustainability reviews for proposed
remediation systems and provide a framework for comparing outcomes from various sustainable
elements on individual remedial projects.

10
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WISC has identified specific goals, including the following:

maximize use of shrinking state Environmental Fund and bonding money
reduce GHGs and long-term global impacts

reduce energy usage

reduce and recycle materials; use “green” construction

make sustainability a standard component of state-funded projects
encourage public/private partnerships

reinvent approach to state-funded projects and the program in general
effectively manage WDNR staff workload with existing resources
expand WISC

involve Green Tier Charter/Environmental Management System

The WISC Program will be described in a guidance document to be issued by WDNR in the
spring of 2011.

3.1.3 Minnesota

The Minnesota Pollution Control Agency (MPCA) has addressed the emerging topic of greener
cleanups through a focused initiative termed “Green Sustainable Remediation and
Redevelopment” (GSR2). As part of the initiative, the Petroleum Remediation Program (PRP)
formed the Green Remediation Implementation Team (GRIT) in March 2009 in response to EPA
recommendations for implementing green practices at projects funded by the American
Reinvestment and Recovery Act (ARRA). GRIT’s initial goals were predicated on the five core
elements of the Greener Cleanups Initiative promulgated by EPA Office of Solid Waste and
Emergency Response (OSWER) (EPA 2008a).

GRIT was formed with the intent to be inclusive of cleanup as well as redevelopment approaches
to GSR2. Within GRIT, remediation is not intended to be done in a “green” manner without
being cognizant of the ultimate goal of reuse of the property. Sustainable redevelopment is one
of the cornerstones of this effort as the MPCA drives toward integrated guidance for GSR2
across Remediation Division programs. GRIT produced guidance for green practices for use
during ARRA projects. The PRP directed its multisite contractors to use the documents in
preparing their ARRA project proposals. The proposed green practices were evaluated and
scored. The “green” score was weighted and used in the overall contractor selection process.

The GRIT green practices were implemented in phases and allowed the contractors to expand on
the ideas and technologies provided. Upon completion of ARRA-funded project work, GRIT will
document the effectiveness of the implemented green practices to develop guidance that prevents
or minimizes “green-washing.” Those practices will be enhanced and integrated throughout the
MPCA Remediation Division.

3.1.4 California

California Department of Toxic Substances Control (DTSC) formed its Green Remediation (GR)
Team in February 2007 to promote the use of green considerations in site investigation and

11
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cleanup. DTSC has defined GR as “the application of technologies and approaches that enhance
a cleanup project’s environmental, social, and economic footprints. It is a holistic approach that
incorporates sustainability concepts and life-cycle thinking over a broad scope and time horizon”
(DTSC 2007). Through its GR initiative, DTSC has shown how sustainability and life-cycle
thinking can be incorporated into any stage of a remediation project, including the site
characterization, treatment alternative selection, remedial design implementation, and continuing
through long-term operations and maintenance and closure. DTSC’s GR team has developed an
Interim Advisory for Green Remediation (December 2009), hosted a one-day symposium on the
Global Perspectives on Green Remediation—Making Clean “Green” (February 2009), and created
a qualitative tool called the Green Remediation Evaluation Matrix (GREM).

DTSC’s website provides the following definition for GR:

Because the materials used and the energy consumed in a cleanup impacts beyond the
site, the environmental footprint of a cleanup activity exceeds the site’s physical
boundary. GR assessments identify potential impacts that may have been discounted, or
not included, in traditional assessments, and address those that occur on local, regional,
and global scales. It includes the direct and indirect releases of contaminants, the
consumption of raw materials, the production, collection, and disposal of wastes. These
assessments will also include social and economic impact analyses, such as analyses of
noise or visual nuisance impacts upon the community that could be mitigated by early
stakeholder involvement in the planning process, or the consideration of opportunities for
employment and job training by members of low-income communities that may be
adjacent to or affected in the past by the contaminated site (i.e., environmental justice).

DTSC’s interim advisory is intended for project managers, responsible parties, and
environmental consultants performing sustainability or GR assessments at cleanup sites. DTSC’s
GR Team prepared it to introduce the concepts of sustainability and life-cycle thinking and how
these concepts can be incorporated into any stage of a cleanup project, from site characterization
through site closure. The advisory also introduces GREM, which is a simple Excel-based tool for
qualitative comparisons of treatment alternatives. The matrix can be completed for a site,
documenting the release of pollutants and waste (including air pollutants and GHGs), physical
disturbances and disruptions (such as noise and traffic), and resource depletion or gain. To
address the limitations of the GREM, such as its qualitative nature, DTSC provides a toolbox of
resources that can be used for calculating GHG emissions, energy consumption, and life-cycle
assessments. DTSC plans to periodically update the advisory to include state-of-the-art
quantitative and qualitative assessment technigues.

The advisory states that DTSC “recognizes that sustainability, while not explicitly listed as one
of the nine criteria set forth in the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP), should be considered as one of several factors to be examined in evaluating the
impact of a remedy.” Some of these factors may compete with sustainability, and trade-offs may
become necessary to achieve the best approach or most acceptable solution for the stakeholders.
The elements of GSR that require activities to provide additional protection of natural resources
beyond what is required for remediation may result in redundancy and potentially be in conflict
with existing regulatory frameworks.

12
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Under CERCLA and the NCP, natural resource damage (NRD) assessments are completed
within three years of the remediation. These assessments recognize that value of the lost natural
resources and provide for compensation to the trustees. The NRD mechanism provides incentive
for restoration and/or compensation for compromised natural resources. The assessment tools
discussed in the advisory (including GREM) provide an opportunity for stakeholders to evaluate
the impact of a remediation project on valuable natural resources before a remedy is selected.

3.1.5 Alabama

Environmental investigations conducted by the Alabama Department of Environmental
Management (ADEM) or facilitated through state regulatory oversight are encouraged to
incorporate sustainable and green remedial practices. Whether corrective action is required
through the Clean Air Act, Clean Water Act, Drinking Water Act, or under federal solid and
hazardous waste laws, sustainability of the remedial system is included in the decision-making
process. Also, green practices are assessed to reduce waste and promote conservation during the
remedial process. Although sustainable and green remediation is encouraged, the practices are
not mandated under existing program requirements, and a matrix tool has not been adopted. The
ADEM Land Division does, however, assess remedial sustainability during RCRA Corrective
Action, CERCLA feasibility studies, and in aboveground storage tank remediation. At these
steps in the regulatory process, the sustainability of remedial alternatives is evaluated for long-
term effectiveness, performance, implementability, and cost. ADEM currently incorporates
procedural measures on a case-by-case basis to gauge the effectiveness and sustainability of
remediation.

3.1.6  New York

The New York State Department of Environmental Conservation’s Division of Environmental
Remediation (DER) issued a Proposed Program Policy for Green Remediation (DER-31) on
March 17, 2010, that identifies its preferred approach to remediation as one which more
consistently implements GSR concepts and practices while meeting minimum remedial program
requirements and remaining protective of human health and the environment. The policy
references EPA documents, including the “green remediation primer” (EPA 2008a). Other recent
DER guidance indicates that GSR concepts will be expected and encouraged in all phases of
remediation to promote environmental stewardship and beneficial reuse. DER program staff will
be responsible for implementation of the DER-31, with input from other divisions.

DER developed the policy to be applied to the entire life cycle of the site remediation process
from investigation, through remedial design and construction, to long-term site management and
operation of remedial systems. The policy will be applied as new remedial sites are identified
and during relevant phases of work at existing sites in state remedial programs.

The proposed policy recognizes that the greatest potential for beneficial evaluation and
implementation of GSR can be accomplished during the remedy selection process; therefore, the
process will require review of sustainable options as part of the remedial alternatives analysis.
Specifically, climate impacts, GHG emissions, and renewable energy are identified as key
environmental impacts that will likely require additional analysis during the feasibility study
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process. DER-31 indicates that the greenest remedies will be preferred, which are likely to be
those that minimize short- and long-term ancillary impacts to the environment; minimize the
carbon and environmental footprint of the remedy; achieve the remedial action objectives more
sustainably; achieve a complete and permanent cleanup; and permanently and significantly
reduce the toxicity, mobility, or volume of contamination. The document clearly indicates that
GSR will not be used to rationalize lesser remedies when a more appropriate and feasible remedy
is available.

DER-31 does not specify methods or criteria to be used to quantify the effectiveness of the
various GSR concepts or remedial alternatives, citing the site-specific nature of the evaluation
process and indicating that all information presented will be considered. DER-31 cites the
following GSR concepts, which may be considered for each remedial project to the extent
feasible to foster economically sound and environmentally sustainable cleanups and provide
general examples of GSR techniques that can be applied under each (Attachment 1 to DER-31):

e considering the environmental impacts of treatment technologies and remedy stewardship
over the long term when choosing a site remedy

e reducing direct/indirect greenhouse gas and other emissions

