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ABOUT ITRC

Established in 1995, the Interstate Technology & Regulatory Council (ITRC) is a state-led,
national coalition of personnel from the environmental regulatory agencies of some 40 states and
the District of 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

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.

ECQOS, 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.
ECQOS, 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

An ecological enhancement is a modification to a site which increases and improves habitat for
plants and animals while protecting human health and the environment. Elements of ecological
enhancement can include natural or green remediation technologies and/or an end use which
restores or otherwise increases the ecological value of the land. Ecological elements may be
designed into remediation and closure projects. Considered at the inception of planning a site
cleanup, green and natural technologies, in addition to traditional technologies, can cost-
effectively cleanup soil and groundwater contamination and restore, create, and/or improve
habitat or the ecosystems. Designing an ecological end use as an integrated component of the
remediation system can realize more benefits from the remediation process without
compromising the selected remediation goals and objectives. Incorporation of ecological
enhancements can benefit multiple stakeholders, such as regulatory agencies, the regulated
community, local communities, and the general public. The team believes that greater benefits
may be gained by integrating ecological land reuse into the initial remediation strategy, but this
in no way is meant to preclude incorporation of ecological enhancements into remediation
projects which are already underway.

The Interstate Technology and Regulatory Council (ITRC) Ecological Land Reuse Team has
developed this guidance document to promote ecological land reuse as an integrated part of site
remediation strategies and as an alternative to conventional property development or
redevelopment. This reuse may be achieved through a design that considers natural or green
technologies or through more traditional cleanup remedies. The decision process presented here
helps stakeholders to integrate future land use and stakeholder input into an ecological land end-
use-based remediation project. Key to the project success is an understanding of the service
capacity (the ability to produce jobs, housing, environmental habitat, mineral resources,
agricultural goods, and other societal values) at, near, and surrounding a remediation project.
Integrating stakeholders input regarding their desires for community development and needs is
critical. This type of an integrated project can gain strong support from the stakeholders and can
transform them into strong advocates for projects integrating ecological elements into the future
land reuse plans. The ITRC team is experienced in cleanup and ecological and habitat
development techniques and in representing various interests (such as community stakeholders,
consultants, the regulated community, government regulatory agencies, non-governmental
organizations, and other government agencies). The team has incorporated various perspectives
into this guidance to improve its applicability, usability, and value.

This document describes key decision points in a flow diagram format and defines the
practicality of applying natural or green technologies to traditional remediation processes.
Ecological benefits have not traditionally been designed into, nor credited to, the value of the
reusable land until successful remediation was completed. Now, natural and green technologies
can improve the ecology of the site as long as they support the intent of the land’s use and do not
jeopardize the elimination or reduction of the human or environmental risk. Consideration of
ecological benefits, as well as the end use of an environmentally impacted site, is an integral
component of the remediation process.



Ecological land reuse may have multiple advantages, and a single ecological element may have
multiple benefits such as environmental, economic, or public. This guidance document
categorizes several ecological reuses, without limiting their benefits, in order to offer a

presentation of possible advantages. The potential advantages are shown below:

Environmental

Economic

Public

o attracts wildlife

o hydraulically controls landfill
leachate

o biodegrades environmental
contaminants

e controls dust

o reduces sediment transport and
controls erosion

o stabilizes stream banks

e uses atmospheric carbon
dioxide

e improves groundwater
recharge

e minimizes human and
environmental exposures

o provides a harvestable resource

e improves aesthetics

o provides educational
opportunities

iS cost competitive

provides use for waste material
enables more efficient use of
limited resources

provides institutional control
can potentially generate
revenue

provides marketing and
competitive advantages
increases property value
provides source of recoverable
resources

provides potential for
environmental offsets
potential for enhanced
environmental stewardship
offers tax advantages

reduces natural resources
damage liability

provides recreational and tourism
opportunities

provides educational
opportunities

improves corporate reputation
improves goodwill through good
neighbor

enhances workforce stability
through improved morale
improves aesthetics

improves livability

increases natural resources

o provides recreational areas
o provides migratory pathways
o improves plant diversity

These benefits are included in a value system used to estimate the cost of cleanup alternatives at
a contaminated site. A project team should consider the complete life cycle of the project, from
technology selection to final disposition of the property, for an accurate economic picture of the
alternatives. A comparison of the relative economic advantages of two alternative approaches,
one having moderate initial costs, high O&M (operation and maintenance) costs, and a short
duration and the other having low initial costs, moderate O&M/administrative costs and a long
duration can be made through a net present value analysis. These cost elements can be broken
down into three general categories: quantifiable values, semiquantifiable values, and qualitative
values.

Items in each of the three value categories should be considered for every potential alternative in
a project to fully evaluate its value in comparison to other alternatives. When properly done, they
present a “story”—an objective and subjective description of the outcome that also explains the
indirect benefits, which may not have a clear economic value. This process leads to inclusive
decision making. Even if a factor is thrown out for lack of impact on the decision, it should still
be considered to make sure all projects are evaluated consistently and completely. A
comprehensive financial estimate, using as many of the pertinent factors as possible, will provide
more sound decisions, thus offering optimal benefits to the site, the company, the community,
and the ecology of the area.



Ecological service as a reuse element is still emerging; however additional information or data is
necessary to fully realize the broad benefits of ecological land reuse. New research and reporting
needs to accomplish the following:

e Explain and document the service capacity offered by a given area and how that capacity can
be fulfilled by man-made systems.

e Track ecological land reuses and evaluate how they may positively impact the surrounding
and interconnected systems.

e Better explain the methodologies to create ecological end-use projects that will provide the
desired service.

e Document the impact ecological land reuse of remediated, reclaimed, or restored sites has on
migratory flyways and corridors.

e Document the integration of environmental remediation technologies into a sustainable
ecological end use.

e Integrate information from sites, which have restored or created ecological benefits, into a
learning center or database which is readily available to all stakeholders.

e Provide the basis to move remediation away from pumps and pipes and toward more
nonmechanical systems capable of the same level of environmental and human health
protection, while providing a more wildlife- and human-friendly end use.

e Document ecologically based mechanisms that provide sustainable institutional controls.

e Better explain the mechanisms and institutional controls that can be placed on property to
manage any residual threats (e.g. deed restrictions, uniform covenant program, or
conservation easement).

e Develop a template that states can use, and adjust to their own use, to track and evaluate the
environmental effectiveness of land use controls placed on a site, perhaps through a national
organization that represents the states (see Section 4.8.2, ITRC ALT-4 2006).

e Document the improved quality of life of the individual and the livability of the community
where green space is incorporated into the urban and suburban environment.

A case study from Chattanooga, Tennessee, most effectively demonstrates the successful
application of ecological elements to improve the livability of an area while restoring a site. A
working partnership between government, industry, and the community transformed an
industrial wasteland into a vibrant, upscale downtown community—resulting in improved
livability, increased property values, healthy environments, and controlled growth. Certainly not
all future land use may be conducive to ecological elements or enhancements; however, in
situations where ecological elements or enhancements may be integrated into the remediation
process, whether using conventional or green remediation technologies, they can benefit the
owners, operators, community, and ecosystem through the ecological elements used to remediate
the site.
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PLANNING AND PROMOTING
ECOLOGICAL LAND REUSE OF REMEDIATED SITES

1. INTRODUCTION

Often ecological considerations are incorporated into
remediation and closure projects as an afterthought, or
worse, following completion of the remediation project.
This approach does not take advantage of a fully integrated
ecological end use in the remediation design. In 2003, The
Wildlife Habitat Council (WHC) and the ITRC (Interstate
Technology & Regulatory Council) worked cooperatively
to develop a white paper, Making the Case for Ecological
Enhancements (ITRC ECO-1 2004). The purpose of this
white paper was to present natural or ecologically friendly
alternatives to traditional remediation processes, thus
allowing the incorporation of ecological enhancements as
integral components of both the remediation process and the
reuse of environmentally impacted sites. The document
defined ecological enhancements as modifications to a site
that restore, increase, or improve habitat for plants and
animals while protecting human health and the
environment.

The white paper included several objectives:

Ecological land use, where
appropriate, yields both tangible
and intangible benefits for
remediated sites.

“An  ecological enhancement
modifies a site to increase/improve
habitat for plants and animals while
protecting human health and the
environment. An ecological element
can include natural remediation
technologies and/or also represent
an end-use which restores/increases
the ecological value of the land”

-From: Making the Case for
Ecological Enhancements

e gaining greater regulatory flexibility and support for use of ecological land reuse

e identifying the strategy for obtaining constructive and meaningful stakeholder involvements
e ensuring sound scientific and technical support for ecological land reuse practices

e defining the value of ecological land reuse and communicate those values

As illustrated in the Making the Case for Ecological Enhancements, natural or green
technologies can effectively contribute to the success of remediation projects; however,
ecological reuse is not universally applicable. Site-specific considerations and engineering
evaluation of goals and objectives, regulatory constraints, potential technologies, predicted costs,
and likely benefits must be objectively studied at each potential site. This new guidance
document, Planning and Promoting Ecological Reuse of Remediated Sites, describes a decision-
making process that provides for an ecological end use through the planning and design process
of remediating a site. The design and construction of the ecological end use as an integrated
component of the remediation system will result in more pronounced benefits from the
remediation process. In order to help remediation planners and stakeholders implement
ecological enhancements at the earliest possible stage, this document includes the following:
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e benefits, incentives, and limitations for implementing
ecological enhancements at environmentally impacted sites

e a team questionnaire which asked states to provide their
rationale for incorporating ecological elements or
enhancements into a remediation project

e case studies in which the ecological enhancements are
incorporated into the remedial design and/or end use

e recommendations for the successful design of ecological
enhancements at environmentally impacted properties

e recommendations for improvements to foster greater
acceptance and regulatory flexibility for incorporation of
ecological enhancements as components of remedial actions
and end use

e areas where additional scientific research is needed

Ecological enhancements considered at the start of planning for
environmental remediation at Superfund or Comprehensive
Environmental Response, Compensation, and Liability Act
(CERCLA), Resource Conservation and Recovery Act (RCRA),
and Brownfield sites’ can be a cost-effective and efficient way to
restore, create, and/or improve wildlife habitat or the ecosystems
of the site, while meeting established remediation goals and
objectives. Incorporation of ecological enhancements can benefit
multiple stakeholders such as regulatory agencies, the regulated
community (industry), local communities, and the general public.
In the National Contingency Plan (NCP), the U.S. Environmental
Protection Agency (EPA) determines on a case-by-case basis
whether an activity or feature constitutes an enhancement [40
CFR 300.515(f)]. Although enhancements that do not contribute
to the remediation of a site cannot be funded by EPA, they can
be included in a remedial action if they are consistent with and
do not interfere with the protectiveness of the selected remedy.

This guidance describes a process to promote ecological land
reuse activities considering natural or green technologies instead
of, or in conjunction with, traditional technologies and considers
natural or ecological end-uses as alternatives to conventional
property development or redevelopment. The decision tree

Characterize Site Setting
and Contamination

y
Evaluate Local Land Use
Strategies

\

Evaluate Remediation
Residual Threat and Integrate
Future Land Use and
Stakeholder Input

v
Evaluate Stressors on
Remediation Project and
Potential for Ecological
Land Reuse

Y
Evaluate Potential Failure
Modes of Remediation and
Impact on Future Land Use

Y

Evaluate Potential
Exposures and Threats

Y
Design, Construct,and
Operate Remediation Project
that Integrates Ecological
Components to Protect HH&E

v
Design Postclosure Care
Program to Monitor
Stressors, Failure Modes,
and Remedy

Figure 1-1. Decision tree

shown in Figure 1-1 contains a potential conceptual process for integrating future land use and
stakeholder input into an ecological land end-use-based remediation project. Key to the success
of these projects is an understanding of the potential future land uses at, near, or around a
remediation site. Integrating stakeholder input regarding community development and needs is
critical in helping planners to gain strong support from the stakeholders and to become advocates
for projects integrating ecological land reuse.

! For the purpose of this document, a site is an area subject to remediation and potential ecological land reuse.



ITRC—PIanning and Promoting Ecological Land Reuse of Remediated Sites July 2006

Finally, this guidance document also contains a decision diagram (see Section 5) that illustrates
the practicality of applying natural or green technologies to the traditional remediation processes.
Natural and green technologies, together with natural/ecological end uses, are referred to as
“ecological elements” throughout this guidance. Ecological benefits have not routinely been
designed into, nor credited to the value of, the reusable land following successful remediation.
Natural and green technologies can improve the ecology of the site as long as they are coincident
with the intent of the land’s use and do not interfere with the remediation of the site. Ecological
benefits should be considered as integral components of the remediation process, as well as in
the end use of an environmentally impacted site. Without an early evaluation of the ecological
enhancement options, adverse impact to the ecology resulting from the remediation is usually
never evaluated and could potentially outweigh the benefit of the remediation.

2. OVERVIEW OF ECOLOGICAL LAND REUSE

The purpose of ecological enhancements to a site is to restore the lost or diminished ecological
resources, thereby enhancing the site’s value to the owners, operators, and the community while
maintaining protection for both human health and the environment. To optimize long-term
maintenance, an ecological end use is best served by elements and technologies that are
permanent and sustain themselves after remediation is complete. Whether or not the final
ecological land use is sustainable will depend on the attitudes, resources, and values of both the
current and future site owners, as well as the surrounding community.

Transforming a degraded habitat into an ecological
asset presents a variety of challenges, thus an | The reduction or removal of
ecologically-based remediation project can be more | contamination or the reduction of risk
challenging than one using conventional remediation | through remediation must not be
technologies. On the other hand, the initiation of PR ORI IR USpu 3 LIS
. : . i o inclusion of ecological elements or the
ecological remedial activities at a site represents a | designation of an ecological land
unique opportunity to leverage limited resources and reuse.
achieve an improved outcome. Ecological site
remediation presents the opportunity to do much more than treat or remove contamination from
impacted water, air, and soil—when a remediation project is completed, the sustainable
ecological elements will leave a legacy of ecological assets for the community. The Ecological
Land Reuse Team’s position is that their organizations support the use of ecological elements in
remedial projects to support an ecologically-based end use.

Habitat and the sustainable condition of a resource are seldom elements of the typical remedy in
RCRA Subtitle C; however, CERCLA has more effectively attempted to capture ecological land
reuse in its remedy selection process (see CERCLA Coordination with Natural Resource
Trustees, OSWER Directive # 9200.4-22A, 1997; Issuance of Final Guidance: Ecological Risk
Assessment and Risk Management Principles for Superfund Sites, OSWER Directive 9285.7-28
October, 1999; and Ecological Risk Assessment Guidance for Superfund: Process for Designing
and Conducting Ecological Risk Assessments, EPA 540-R-97-006, OSWER, 1997). The use of
technologies providing ecological elements as all or part of the remedial alternative may not be


http://www.epa.gov/superfund/programs/nrd/fields.pdf
http://www.epa.gov/fedfac/documents/eco_risk_superfund.htm
http://www.epa.gov/fedfac/documents/eco_risk_superfund.htm
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familiar to many regulators; however, the use of natural or green technologies, as remediation
tools, are gaining greater acceptance. Additionally the likelihood of regulatory acceptance is
enhanced by a focused remedial objective, inclusion and leveraging of stakeholder support, and a
realistic timeline for achieving a sustainable site end use. States and owners are realizing the
value of ecological land reuse and, in some cases, advocating such reuse. This experience
indicates that the incorporation of ecological elements into the remedial design will not
compromise the effectiveness or acceptability of the cleanup, nor will it necessarily increase the
overall cost of the project to the EPA. If costs do increase, however, non-CERCLA funding will
be required for the extra cost of the ecological enhancements that do not contribute to the
cleanup design (see Section 4).

EPA emphasizes that the ultimate goal of corrective action (cleanup) is to satisfy the “protection
of human health and the environment [HH&E]” standard, which can be achieved using
engineered and institutional controls. EPA recognizes that, for a number of reasons, establishing
remediation goals for ecological receptors is considerably more difficult than establishing goals
for the protection of human health. Although the NCP establishes a protective risk range for
human health, it provides little guidance regarding developing remediation goals considered to
be adequate for protecting ecological receptors. In practice, a variety of organizations have
successfully completed elements of ecological land reuse (including habitat restoration) as
functional parts of environmental remediation projects. Some of these successes are highlighted
in case studies contained in this document and Making the Case for Ecological Land Reuse
(ITRC ECO-1 2003).

While restoring habitat, objectives target the elimination of threats to HH&E and exposure routes
to wildlife to ensure that land remains capable of serving as safe and supporting habitat. The
actions to eliminate relevant exposure routes may be designed to be noninvasive while allowing
for existing habitat to thrive. Additionally, ecological reuse must not create an exposure
pathway; for example burrowing animals would not be reintroduced at a site with residual
contamination at depth.

Ecological enhancements can be applied in three ways at impacted properties, as determined by
the characteristics of the property and the nature of the impacts:

1. From the outset, strive to create or restore a safe, sustainable wildlife habitat as a final
cleanup goal at compromised sites that once served as habitat (such as a contaminated
estuary).

2. Use sustainable habitat as a complement to a traditional remedy to enhance cleanup
outcomes at sites that did not previously function as significant habitat (such as abandoned
industrial land). The technologies and controls used to arrive at the habitat may or may not
be green technologies. While this guidance document emphasizes green technologies to
support ecological land reuse as part of remediation, the successful use of traditional
technologies can achieve the same goals, as depicted in Figure 5-1. Numerous site
remediation approaches can be used to ensure that contaminated material left on site is
managed and contained in a manner that protects HH&E, while allowing for safe ecological
reuse. Some of the more traditional methods include cover systems (ITRC ALT-2 2003), gas
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collection and treatment systems (ITRC-ALT-3 2006), groundwater collection and treatment
systems, permeable reactive barrier walls (ITRC PRB-3), and diversion walls. Also see the
USEPA CLU-IN site (http://www.clu-in.org/) for additional technology descriptions

3. Use natural or green technologies to remove contaminants or secure sites while providing
viable wildlife habitat, even though the final use may not be ecological.

A benefits analysis can assist in determining which approach will be most effective. Ultimately,
the characteristics of the site itself as well as the characteristics of the surrounding community
will influence the outcome and conclusions (see Section 5). Successful internal marketing of
ecologically-based remediation projects depends on much more than the economics of a
remediation project. Many intangibles influence ecological choices, including community good
will, corporate image, shareholder perception, and stakeholder satisfaction. These components of
an ecological reuse remediation project will be further discussed in Sections 5 and 7.

As an example of the interaction of traditional
remediation and ecological enhancement, consider a | Tailoring the cleanup to a specific end use,
site containing persistent bioavailable toxins where | established early in the process, can avoid
the optimal site cleanup was determined to contain | Unnecessary actions that otherwise increase
. . . costs, delay progress, and may not result in
eleme_nts of habltat_applled as a compliment to a remedies that are fully protective of human
traditional excavation-based remedy. Although health and the environment.
excavation activities may temporarily reduce the
site’s ecological function, this action will ultimately enhance the final habitat quality due to the
elimination of residual risks associated with the removed toxins. On the other hand, a natural
remedy alone may be preferable at a site where the contaminants are less persistent, immobile, or
more subject to degradation. In each case, a traditional remedy alone would have brought the
restored site to the minimal conventional endpoint necessary to achieve protection of HH&E, but
the incorporation of ecological enhancements would greatly enhance the final ecological value,
and possibly social and financial assets. A formalized alternatives analysis, known as a Net
Environmental Benefits Analysis, or NEBA (Efroymson 2003), may be used to weigh the cost of
various remedial options (contaminant removal, engineered controls, or institutional controls)
against the environmental costs and benefits of each alternative. An NEBA can result in
acceptance of restoring the site to a non-pristine baseline if the benefit from having some habitat
value at the site outweighs the potential for adverse effects from contaminants left in place.

Data collected for an eco-risk assessment used to establish cleanup standards applicable to
habitat creation can require more complex evaluation than a human health risk assessment. The
resulting cleanup goals for ecological protection may or may not be more stringent than for
protection of human health alone. Tailoring the cleanup to a specific end use established early in
the process can avoid unnecessary actions that otherwise increase costs, delay progress, and may
not result in remedies that are fully protective of HH&E. Designing a site restoration project to
include long-term sustainable habitat offers the advantage of creating new habitat, protecting
habitat found in previously impacted areas, and mitigating the effects of continued urban
encroachment, contaminant toxicity, reduced flora and fauna density, stormwater impacts, and
reduced aesthetics.
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This guidance identifies the flexibility in cleanup authorities where it is demonstrated that
preserving existing habitat or creating new habitat is favored by the regulatory program and
therefore has an overall benefit to humans and the environment. An overall site cleanup program
should consider habitat restoration (creation, enhancement, preservation, etc.) when evaluating
marginal risk scenarios where remedial actions may impact the environment or be of
questionable effectiveness in managing risk. The program should allow for an approach that
balances the management of marginal ecological risk with natural resource benefits from
restoration (see NEBA discussion in Section 7.4).

2.1 Using Natural or Ecological Enhancements as a Cleanup Technology

Many remediation projects end with the cleanup of the impacted media. The ultimate goal of a
remediation, however, is to reduce or eliminate exposure to releases of chemical substances in a
manner that is protective of HH&E, all the while returning land to beneficial use. A well-planned
remediation can achieve much more than simply cleaning up the impacted media such as soil,
surface water, groundwater, or air. The cleanup remedy must be cost-effective, as discussed later
in Section 7, and use durable solutions, which may include conventional or alternative
technologies. In certain instances, ecological or naturally occurring elements may be used as all
or part of the remedy. To be accepted under most federal or state hazardous waste programs as
an alternative technology, ecological elements or enhancements must

e be evaluated in order to demonstrate a level of performance sufficient to meet the goals and
requirements of applicable federal or state remediation regulations (in other words, the initial
goal of the project is successful remediation of the impacted area);

e include an analysis of the persistence, toxicity, mobility, and bioaccumulative potential of
site-related constituents;

e consider short and long-term potential threats to HH&E.

For example, a constructed wetland that offers treatment of relatively immobile and
nonbioaccumulative constituents, as well as providing habitat for wildlife, could be a cost-
effective, community-friendly, ecologically viable alternative to more costly conventional
technologies such as groundwater pump-and-treat. Likewise phytoremediation, where plant
species are considered and selected with respect to the potential habitat they offer, can be a cost-
effective alternative for soil, source area, and groundwater treatment. In both of these examples,
an ecological risk assessment or monitoring program may be necessary to demonstrate that
constituents of concern are not accumulating to levels that might be toxic to wildlife attracted by
the created or restored habitat. With regards to the need for these programs, two questions
remain:

e |sthe created or restored habitat and resulting wildlife population or diversity positive for the
remediation system, the surrounding ecology, and community?

e If not, can such benefits be efficiently and effectively designed into the system based on cost
and resource needs?

Green technologies run into the same regulatory impediments as other technologies when
considered for CERCLA, RCRA, Brownfield, Mining, and Voluntary Cleanup sites. For
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example, some treated sludge may be listed as hazardous waste. If the listed waste is “managed”,
as legally defined, then it must be managed in accordance with stringent standards and be treated
or disposed of in accordance with RCRA standards. Some regulatory programs consider plowing
or even seeding as management or treatment of the waste. Materials that are mixed with or
derived from these materials are also listed wastes, so harvesting plant growth may require
management the harvested material as a listed hazardous waste. Policies have been developed to
address these issues (area of contamination interpretations in RCRA and Superfund, RCRA
Corrective Action Management Unit rules, and others). In some instances, however,
impediments associated with the regulatory mandates for managing listed wastes have thwarted
natural remediation efforts that would have been successful from a risk management perspective.

Sites where material other than RCRA-listed waste is present would be subject to an individual
state’s requirements. For example, in Pennsylvania a permit is generally required for processing
nonhazardous regulated waste. If the process is part of onsite treatment conducted under the
state’s environmental cleanup law, however, a permit would not be required, even though the
substantive technical requirements must be followed to assure protection of HH&E. At these
sites, seeding and harvesting can be done as needed without triggering costly management
standards. Harvested materials must be characterized for relevant hazardous waste characteristics
but generally need not be managed as hazardous waste.

As stewards of natural resources, individuals responsible for addressing environmentally
impacted sites have the ability to effect great improvements on stressed ecological communities.
While a traditional remedial technology may be required to resolve the potential short- and long-
term threats to HH&E, ecological technologies can be used as a good faith effort to promote
additional environmental stewardship, improve property value, and increase community good
will. They are a cost-effective means of increasing the ability of restored property to support
wildlife. In urban settings, where the availability of habitat is limited, islands of habitat on
restored lands may prove invaluable in supporting both migratory and permanent resident
species, in preparing for its ultimate ecological service, and in providing environmental
educational opportunities.

2.2 Natural or Green Remediation Strategies

Ecological/natural remediation strategies may include one or more of the following technologies
or techniques, which may constitute an alternative or may also incorporate traditional
remediation techniques in the final alternative chosen to remediate a site. Ecological or natural
technologies include but are not limited to the following:

e phytotechnologies (http://www.itrcweb.org/gd_Phyto.asp)

e engineered or natural wetlands treatment (http://www.itrcweb.org/gd CW.asp or
http://www.itrcweb.org/gd_MW.asp)

e ET (evapotranspiration) covers and plant hydraulic barriers
(http://www.itrcweb.org/gd_ALT.asp)
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e remediation by natural attenuation (http://www.itrcweb.org/gd_1SB.asp)

e enhanced in situ bioremediation (http://www.itrcweb.org/gd _1SB.asp)

e biological soil amendments (Sopper, 1993; Brown et al. 2001 and 2005; EPA 2000; and
http://www.itrcweb.org/gd SMART.asp)

Phytoremediation is the use of plants for water and/or soil or groundwater treatment (see
Phytotechnologies, http://www.itrcweb.org/gd_Phyto.asp). This technology presents a
potentially lower cost alternative to excavation, land farming, or shallow air sparging. The plants
used for remediation may also be integrated into temporary or permanent green land uses such as
water features in parks, landscaping, natural habitat, or preserves. In the case of salt
contamination, halophytic plants can be used to preferentially remove salts from soil and soil
pore water, and thus may be used to provide both treatment and vegetative cover. The
aboveground portions of such plants may need to be periodically harvested to ensure continued
removal of salts from the site over time; thus the use of halophytic plants may be more
compatible with park, grazing, and landscaping uses than with habitat or conservation uses.

Engineered wetlands are plant/water systems that mimic natural wetland systems and are
designed to remove both solid and dissolved contaminants from water. These wetlands are a
potentially lower cost alternative to engineered water treatment systems and may reduce the need
for injection systems, water transport by pipeline, and/or diffuser discharges to streams and
rivers. A large amount of surface area and periodic maintenance may be required for these
systems (ITRC Wetlands-2 2003, http://www.itrcweb.org/gd_CW.asp). This technique may not
be useful for small sites or in conservation easements or preserves where periodic maintenance
would be disruptive to established habitat. Additionally, planners must be cautious not to create
an attractive nuisance by enticing, for example, waterfowl into an area when the wetlands are
serving a treatment function such as removing metals.

Case Study: Rocky Flats National Wildlife Refuge

Rocky Flats National Wildlife Refuge will be managed by the U.S. Fish and Wildlife Service (Service) when
the EPA certifies that cleanup and closure at the Department of Energy’s (DOE) Rocky Flats site has been
completed and that all response actions are operating properly and successfully. After EPA certification, DOE
will transfer much of Rocky Flats to the Department of the Interior and the Service will manage it as a
National Wildlife Refuge. DOE will be required to conduct postclosure environmental monitoring and remedy
maintenance in accordance with a postclosure, long-term stewardship agreement approved by EPA and
Colorado Department of Public Heath and Environment (CDPHE). DOE will also review the cleanup remedy
at least every five years with the EPA and CDPHE. The EPA and CDPHE can require DOE to undertake an
additional action if post cleanup monitoring indicates the cleanup is not protective of human health and the
environment.

The majority of the site has remained undisturbed since its acquisition and provides habitat for many wildlife
species, including two species that are federally listed as threatened (bald eagle and Preble’s meadow
jumping mouse). Establishing the site as a unit of the National Wildlife Refuge System (NWRS) will promote
the preservation and enhancement of its natural resources for present and future generations. The Final
Comprehensive Conservation Plan (CCP) and Environmental Impact Statement (EIS) for the Rocky Flats
National Wildlife Refuge will guide management of Refuge operations, habitat restoration, and visitor services
for the next 15 years (208Hhttp://rockyflats.fws.gov/Documents/FEIS/Chapter 1.pdf ) .
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Hydrophilic plants may be successfully used to control water infiltration and seepage. For
example, if these plants grow over the top of closed landfills or waste piles they may reduce
water seepage more effectively than traditional impermeable cap-and-cover methods. This in
turn may reduce water percolation through the waste and reduce water handling and treatment
costs (ITRC ALT-2 2003, http://www.itrcweb.org/gd_ALT.asp).

Remediation by natural attenuation (ITRC [ISB-3 Reprinted September 1999,
http://www.itrcweb.org/gd_1SB.asp) is the reliance on analyzed natural biological systems to
metabolize contaminants in soil and ground water. This technique is simultaneously compatible
with virtually all ecological land reuses since it neither jeopardizes the use of the surface nor
does it disrupt the surface, except for installation and maintenance of monitoring wells.
Enhanced in situ bioremediation is similar and normally enhances the existing natural conditions
to encourage the remediation or degradation mechanism toward complete mineralization of the
contaminants (ITRC ISB-6 1998, http://www.itrcweb.org/gd_ISB.asp).

2.3 Creating Habitat as a Complement to a Traditional Remedies

Carefully designed ecological elements and enhancements may supplement or complement
conventional remedial technologies. Remedial technologies typically provide environmental
remediation by source control or removal of contaminants. The ability of the media, particularly
surface soil, surface water, and sediments, to return to a prerelease functional level has not
always been addressed in the remedial process when the remediation process design focuses on
human health criteria. Ecological techniques such as improving in stream cover for fish and
macroinvertebrates following sediment excavation, installing nesting boxes on a landfill cap, or
implementing a woodlot program can cost-effectively return the resource to a productive
capacity that would exceed the capacity resulting from conventional remediation techniques.
Additionally, these enhanced measures would be expected to receive high marks at sites where
local stakeholders are actively involved in selecting the remedial alternatives. This community
acceptance is always an important factor in a successful remediation strategy and is one of the
nine Superfund criteria used in selecting a remedy.

Ecological elements and enhancements incorporated
into site remediation may help manage environmental | Ecological elements and enhancements
liabilities under a Natural Resource Damage ::‘n‘;ﬁrp;g;tsga:”zonvsi':sn:sg‘ig:aﬁ'iggiI?t‘izz
Assessment (NRDA). Under an NRDA, _ngtu_ral through Natural Resource Damage
resource trustees have the authority to assess injuries | Assessments (NRDAS).

to natural resources and the ecological services
associated with the resources that have been diminished or lost as a result of releases of
hazardous substances or discharges of oil. Remedial project managers should ensure that natural
resource trustees are provided a key stakeholder role throughout the remedial process. Ecological
enhancements may arguably offset or mitigate potential claims based upon restoration of habitat

function following the remedial process.
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2.4 Ecological Enhancements as End-use Goals

One key element of optimized and cost-effective remedial site management is the inclusion of a
targeted postremediation or future land use of the property during the development of a remedial
action plan. Creation, restoration, protection, or enhancement of habitat define the desired
ecological end use, in addition to being complementary to a variety of other end uses of the
property. Sites with green end uses can be compatible with a wide variety of ecological/natural
remedial options. Many of the ecological enhancement options can be seamlessly incorporated
into the land end use itself, especially if incorporated by design as part of the initial remedial
selection process. The ecological enhancements then become an integral part of the
plant/soil/water habitat system.

Sites with residential end land uses were once considered least compatible with
ecological/natural remedial actions, since landowner/seller financial liability considerations often
disfavored such uses for remediated sites. Where residential land use could not be avoided (such
as in the case of condemnation) the favored remedial actions, such as excavation and refill, were
not generally compatible with ecological/natural remedial methods. Recent experience, however,
has shown that green land uses, such as parks and greenways, can enhance community and
property values and can be an acceptable land reuse, especially in areas where pressures for
residential use are high. Ecological enhancements can also be designed into functional elements
of residential use such as stormwater routing and retention/detention features. This development,
as described in the Woodlawn Case Study, appreciates the added value of intermingled
ecological and residential use in the development strategy. Intermingled-use scenarios offer the
additional market value of the less crowded open space and recreational value of the ecological
enhanced properties.

3.  BENEFITS AND CONSTRAINTS

Benefits and constraints provide a rationale for choosing or rejecting remedies with ecological
elements or enhancements as an end use. While individual benefits are assigned to specific users
for the purposes of this discussion, most benefits help multiple users. Reasons for selecting
ecological elements can vary, so the team questionnaire asked respondents to provide their
rationale for incorporating ecological elements or enhancements into a remediation project.

Benefits are characterized as environmental, economic, and public; however a benefit should not
be restricted to a particular perspective (e.g. industry, regulatory, or public). In many cases the
benefit contributes to multiple perspectives: for example, a benefit may directly apply to
industry, but indirectly contribute positively to the community and the regulatory agency. Figure
3-1 displays a fairly equitable distribution of why ecological land reuse is targeted for
remediation projects. Cost is the most readily quantifiable reason for implementing remedies
with ecological elements or enhancements. The majority of the reasons given for implementing
ecologically based remediation projects are semiquantifiable (see Section 7 later in this
document for a description and examples of quantifiable, semiquantifiable, and qualitative
values).

10
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Figure 3-1. What was the goal for selecting ecological
land reuse?

3.1 Environmental Benefits

Restoring or creating ecosystems, both during the remedial process and as a final
postremediation end use, provides environmental benefits (onsite as well as offsite) to soil,
surface water, sediment, and groundwater quality, as well as to human and overall ecological
health. These benefits are described below:

e Attracts wildlife. Green and natural remediation technologies which include end-use
plantings and other habitat elements attract wildlife.

e Hydraulically controls landfill leachate. Natural remediation technologies can minimize
leachate head buildup in closed landfills, thereby eliminating side or groundwater seepage.

e Biodegrades environmental contaminants. Natural biochemical mechanisms can enhance
aerobic and anaerobic degradation of various contaminants, including volatile organic
compounds, polynuclear aromatics, various other hydrocarbons, and some pesticides.

e Controls dust. Both natural remediation technologies and end-use plantings reduce fugitive
dust emissions, particularly if the soil is prepared with compost and/or mulch at the time of
planting.

e Reduces sediment transport and soil erosion. Green and natural remediation technologies

and end-use plantings, once established, reduce sediment transport and soil erosion from
storm events due to soil stabilization characteristics of plant roots.

11
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e Stabilizes stream banks. Plantings can be used along stream banks to prevent erosion and
physically filter stormwater runoff, which results in reduced contaminant loading to surface
waters.

e Uses atmospheric carbon dioxide. Both natural remediation technologies and end-use
plantings use atmospheric carbon dioxide and produce oxygen, which directly reduces the
greenhouse gases implicated in global warming.

e Improves ground water recharge. Both natural remediation technologies and end-use
plantings can reduce runoff and improve groundwater recharge

e Minimizes human and environmental exposures. In situ natural remediation technologies
reduce the need to excavate and haul impacted soil. Excavation and hauling not only use
fuel, emit air pollutants, and occupy landfills, but also potentially create additional exposure
pathways during the movement of the soil, thereby increasing risk. These traditional methods
also provide a risk to heavy equipment operators. For restricted-use sites requiring long-term
land use restrictions, ecological and recreational reuse prevents unacceptable human risks to
areas of concern.

e Improves environmental stability. In situ natural remediation technologies avoid disrupting
the soil and associated root structures (as excavation does), thereby improving the stability of
the local ecosystem.

e Provides harvestable resource. Metals can sometimes be recovered for reuse by harvesting
phytoremediation plant biomass. Reusing plant waste provides high organic compost to
reduce the dependence on topsoil resources and creates a market for a waste product which
can cause environmental problems through uncontrolled use in certain settings.

e Improves aesthetics. Both natural remediation technologies and end-use plantings are often
more aesthetically pleasing than mowed grass or paved areas.

e Provides educational opportunity. Natural remediation technologies, such as plantings, can
provide an educational opportunity for students wishing to learn about natural remediation
technologies and environmental processes. Where residual contamination or landfills remain,
students can learn long-term stewardship of erosion controls, monitoring, and maintenance of
engineered remedies.

e Provides recreational area. End-use plantings can provide an area for community or
employee recreation.

e Provides migratory pathways. Both natural remediation technologies and end-use plantings

can provide needed landscape ecology for pathways for migratory species and wildlife
corridors.

12
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e Improves plant diversity. Vegetation may be selected that will enhance the diversity of the
existing plant community. In addition, succession planning may be implemented to enhance
the plant diversity of future plant communities.

3.2 Economic Benefits

Both natural remediation technologies and end-use plantings can be cost competitive with other
traditional remediation technologies and end uses. They also can be an important component of
more complex remedies, particularly when addressing final, polishing remedy requirements.
Installation, operation, and maintenance costs may be reduced over traditional remedies both for
engineered remedies and land management. Specifically, the following economic benefits can be
realized:

e Reuses waste materials. Composted waste materials (sewage sludge, fly ash, manure, green
waste, agriculture waste, food waste, etc.) can be used as a soil amendment for both natural
remediation technologies and end-use plantings, thereby reducing the cost of waste disposal.

e More efficiently use of limited resources. Limited resources can be better deployed at a
greater number of sites if those limited resources can be more cost-effectively deployed by
harnessing natural attenuation and biodegradation processes.

e Enhances institutional controls (ICs). When ICs are part of the end use of the site, an
ecological component can control the site while providing a beneficial land use (such as a
park system which is only open eight hours per day and thus restricts potential exposure to
eight hours per day, see inset below). This could be a recreational use, risk-based cleanup
outcome with land use or institutional controls (USEPA 2000). The reuse governed by ICs
may be viewed as an economic benefit because it has the potential to return the property to
productive reuse. ICs can have several other benefits. First, they provide a means of
managing property so that it is protective of HH&E without being remediated to unrestricted
use concentrations. This saves the owners/operators remediation cost. Second, the property
may be placed into economic service that generates revenue for the local or state
municipalities. Ecological reuse coupled with institutional controls may be even more
financially beneficial since the controls may provide a means of managing areas at parks that
are protective of HH&E in ecologically distressed areas. It is precisely this type of reuse that
can spark redevelopment of downtown areas. Ecological reuse can also help streamline long-

Case Study: Fernald Closure Project

The projected final land use of the Fernald Closure Project (FCP, a DOE site in Ohio) projects the end use as
an undeveloped park with limited public access to the site. Risk evaluations, conducted for each of the site’s
operable units, used the undeveloped park as the projected final use of the site. A recreational user was the
primary receptor used to establish cleanup levels at the site. An environmental assessment (EA) was prepared
in 1998 to finalize the land use decision for the Fernald closure plan. The EA proposed that more than 900
acres of the site be restored and dedicated as an undeveloped park. It also proposed a 23-acre portion of the
FCP that may be considered for development to support community needs.
(207Hhttp://www.fernald.gov/Future/flu.htm)

13



ITRC—PIanning and Promoting Ecological Land Reuse of Remediated Sites July 2006

term stewardship. An example in which DOE has incorporated ecological end use into the
management of legacy sites is included in the Fernald inset and as a case study in Appendix
C.

e May generate revenue. Ecological end use sites may generate revenue through the provisions
of ecological services. Enhanced ecosystems can provide recreational areas for the
community and businesses, as well as revenue from commercial or sports fishing, tourism,
and other industries.

e Provides marketing and competitive advantages. Ecological land reuse can be used as a
marketing/competitive advantage to emphasize a company’s environmental stewardship,
thereby attracting environmentally-conscious clients. Aesthetically pleasing planted areas
may provide a competitive edge by attracting more customers.

e Increases property value. Ecological elements and enhancements may provide an aesthetic
improvement and increase the market value or salability of a property.

e Provides source of recoverable resources. Harvested biomass from natural remediation
technologies can provide a source of recoverable metals, while harvested biomass from
natural remediation technologies and end-use plantings can provide fuel, lumber, or other
beneficial end products.

e Provides potential opportunity to obtain environmental offsets. Consideration of ecological
land reuse may provide an opportunity to allow environmental cleanup cost and requirement
offsets when negotiating site cleanup objectives with regulators. If the cleanup objective
includes a sustainable ecosystem that will support wildlife resources after remediation, this
could be an offset for a pending NRDA claim. If the management of the ecological element
coincides with the institutional controls, the overall cost of stewardship can be reduced.

e Offers tax advantages. Conservation easements can result in a one-time income tax credit
and/or multiyear property tax savings. (see Appendix B in ITRC ECO-1 2003).

These and other economic benefits are analyzed further in Section 7.

14
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3.3 Public Benefits

In many cases, organizations desire to use the ecological enhancements to provide educational
opportunities, aesthetic benefits, and natural resources to the local area. Biology, horticulture,
ecology, wetland hydrology, plant identification, and environmental remediation are among the
topics of educational interest. The natural resources associated with ecological enhancement
systems could also serve as seed banks and breeding grounds for species of concern. For site
owners and regulatory agencies, these alternatives can provide public relations benefits that may
not be available from other strategic options:

e Improves/increases recreational or tourism opportunities. Outdoor recreation enhances the
livability of a community and thereby the value of the property surrounding or adjacent to it.
It provides a desirable landscape and an attractive community.

e Provides educational opportunities. During the remediation or redevelopment of
environmentally impacted sites, nongovernmental organizations and local community groups
such as the Boy Scouts and Girl Scouts, schools, youth programs, bird watchers, nature
conservationists, and prairie and wetland enthusiasts may express interest in pursuing reuse
alternatives that incorporate ecological elements or enhancements.

e Improves reputation. These benefits include enhanced reputation, “green” image, external
validation, and sustainable operations. In 1999, the Conference Board, a worldwide business
research network, asked consumers what matters most when forming an impression of a
company. Most said reputation—it was the number one response. Almost half said they had
done business with a company in the preceding 12 months or supported it in some other way
if they considered it socially responsible. Half said they had boycotted a company’s products
in the same period or had urged others to do so when they didn’t agree with its actions or
policies. Another study by Gregory (2002) showed that business leaders in that year’s
Fortune top ten most-admired companies ranked consumers as the most important
influencers of corporate reputation. Even more than chief executive officer reputation, print
media, employees, or analysts, the survey demonstrated the importance of reaching the
consumer with strong corporate messages that contribute to market success and business
results (ITRC Eco-1 2004, http://www.itrcweb.org/gd_EE.asp).

e Improves goodwill and good neighbor standing. Ecological elements and enhancements
should be integrated with stakeholder and community planning considerations. These can
foster goodwill among facility neighbors immediately adjacent to and throughout the
community. Since companies wish to do business with a given community, this goodwill
may translate into community acceptance and easier future business development within the
community. Ecological reuse can also promote regional cooperative conservation and
watershed management.

e Enhances workforce stability through improved morale. Long-term employment has a
demonstrated benefit for companies.
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e Improves aesthetics. As mentioned above, improved aesthetics may increase the property
value or salability of a parcel.

e Improves livability. Ecological enhancements can improve the community image, bring in
tourism, and provide recreational usage.

e Increased natural resources. The ecological elements or enhancements may convert waste
materials into reusable material or generate new salable materials (e.g., harvestable wood as
a commaodity).

In many cases, nongovernmental organizations (see Appendix D) can provide an impartial
assessment of the activities agreed upon by site owners and regulatory agencies and can help the
process to move forward with community acceptance. These organizations can also serve to
ensure the continued operation and maintenance of these systems, either by monitoring the
progress over time (during remediation) or accepting the responsibility directly to manage the
end use. In this manner, ecological land reuses lead to sustainable operations and long-term
advantages of beneficial public relations.

3.4 Constraints

Even though there are a great many advantages to ecological land reuse, there are also
constraints, which over the years have unexpectedly caused public concerns when using some
green technologies and ecological enhancements to remediate contaminated sites. These
constraints can include the following:

e lack of regulatory acceptance with ecological enhancements

e need for increased creativity

e visual aesthetics

e plant height and density obstructing views

e plant use—could contain noxious or invasive species

e allergies

e attracting undesirable wildlife such as mosquitoes, wasps, snakes, or other perceived
nuisance species

e introduction of ecological receptors where none previously existed

Finally, ecological enhancements have the potential to create wildlife imbalances. In some cases,
single species plantings such as those often used in phytoremediation can unintentionally
encourage ecological imbalances and vulnerabilities to attack by pests or disease. In addition, the
natural remediation plantings may have to be protected from wildlife consumption if the
plantings will bioaccumulate potential toxins.

4. IDENTIFYING REGULATORY FLEXIBILITY AND CONSTRAINTS

EPA guidance emphasizes that proper closure is essential for a hazardous or solid waste
operation or remediation project. EPA’s basic approach to ensuring proper closure and
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remediation has been to prescribe criteria for a final remedy that meets the closure regulations
specified under RCRA,; these criteria are historically affected by human health impacts more
than by ecological impacts. This approach is a slow-moving program, but has generally been
accepted by the public and regulatory community, regardless of whether it offers the best option
for site conditions and end use.

While applicable regulations and guidance are available for reclaiming mining sites, voluntary
remediation sites, Brownfield sites, and CERCLA/Superfund sites, a slightly higher incidence of
ecological land reuse occurs in voluntary cleanup programs. The increased use of ecological
elements and enhancements in voluntary cleanup remediation projects indicates that owners and
operators of these sites see a benefit to, and have preference for, remediation strategies that
incorporate ecological elements or enhancements. Additionally, current regulatory practices for
the other programs may complicate establishing an ecological end use for a remediated site with
both traditional technologies and green technologies. This may translate into a real or perceived
notion that it may be more complicated to get regulatory approval for ecological elements or
enhancements in the remediation plan in programs other than voluntary cleanups. Implicit in all
these standards, however, is the goal to return land to productive use. A typical example of
regulatory support for this goal is the requirement of stakeholder involvement and economic
encouragements in  the  Brownfield programs (ITRC  Brownfields-1 2003,
http://www.itrcweb.org/gd_Brnflds.asp). Projects that provide returning value to the region, as
an additional objective, move quickly and are highlighted as models for success.

A variety of regulations and guidance (CERCLA,
RCRA-C, etc.) require that the design of a remediation | Often, ecological considerations are
or closure project must consider site conditions and | ncorporated into remediation and
. . . . closure projects as an afterthought or,
encourage al'te_rnafltlve des'lgns that are innovative _and worse, following the completion of the
use site-specific information. These alternative designs remediation project.
are accepted as long as they demonstrate a level of
performance that is protective of HH&E and adequately meet the intent of the regulatory
requirements. Protection of the environment includes ecological reuse, so ecological remediation
designs satisfy the intent of the regulations and create the opportunity for alternative closure and

remediation designs.

Ecological elements are often incorporated into remediation and closure projects as an
afterthought or, worse, following completion of the remediation project. This approach fails to
optimize the advantages of a fully integrated ecological land reuse or of early inclusion of
potential stakeholder support for ecological elements or enhancements in the remediation design.
The design and construction of the ecological end use as an integrated component of the
remediation system will realize more pronounced benefits from the remediation process. This
section reviews regulations and guidance related to closure and remediation projects that include
ecological end use as an integral part of a project. This review provides clear evidence that
ecological end uses are not prohibited, but instead are encouraged, when the property owners,
communities, and other stakeholders select such land uses while maintaining the protectiveness
of the remedy. The regulatory flexibility necessary to promote ecological land reuse into site
remedies design is identified in examples that follow.
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4.1 Regulations and Guidance

The RCRA and CERCLA programs have issued guidance to tailor remedies to site-specific end
uses including ecological enhancements. EPA’s document Guidance on Completion of
Corrective Action Activities at RCRA Facilities, (EPA 2003,
http://www.epa.gov/swerffrr/pdf/final_guidance rcra.pdf) describes how corrective actions can
be completed, with contaminants remaining, using controls tailored to protection for a specific
end use for the site. On February 18, 2004, EPA issued its new Guidance for Preparing
Superfund Ready for Reuse Determinations at Superfund Sites as an element of, and tool for, the
CERCLA program. This guidance describes how to document the conditions that will allow a
Superfund site to be reused.

Superfund’s written policy fully embraces a planning process that anticipates future uses. EPA,
through the Superfund Redevelopment Program, encourages the beneficial reuse of Superfund
sites while working towards EPA’s overriding objective for all sites—protection of HH&E. With
forethought and effective planning, communities and natural resource trustees (trustees) can
return sites to beneficial use without jeopardizing the effectiveness of the remedy put into place
to protect HH&E.

EPA has documented over three hundred NPL sites in reuse, a number of which have treatment
systems, monitoring wells, contaminated material, or other features remaining on site. About 35
of these sites are reused for primarily ecological purposes. Superfund cleanup sites are being
used for wetlands, meadows, streams, and ponds (where they provide habitat for terrestrial and
aquatic plants and animals) as well as for low-impact or passive recreation, such as hiking and
bird watching. In addition, many sites that were redeveloped primarily for other purposes, such
as commercial or recreational facilities, also contain significant ecological resources or green
space. The program recognizes that ecosystems are essential to all aspects of life, that it would
be difficult to sustain society without them, and that their value in urban, suburban, and rural
areas is often not fully recognized when decisions are made about land use.

The Superfund Redevelopment Program maintains an extensive web site that includes EPA
directives and information on the reuse of Superfund sites for ecological and other purposes.
Some of the key documents to consult for more information include the following:

e OSWER Directive 9355.7-06P Reuse Assessments: A Tool to Implement the Superfund
Land Use Directive, 2001

e OSWER Directive 9355.7-04 Land Use: the CERCLA Remedy Selection Process, 1995

e OSWER Directive 9265.0-33, Guidance for Preparing Superfund Ready for Reuse
Determinations at Superfund sites, 2004

EPA’s Superfund Redevelopment Program has developed a series of reports to inform interested
parties at hazardous waste sites about planning and technical issues that may arise during the
remediation process when reuse of a site is intended following cleanup. The reports include
guidance for sites with onsite containment or treatment facilities or equipment, The reports also
address Superfund sites used for commercial facilities, golf courses, and other outdoor
recreational areas and include information useful for other types of site uses as well:

18



ITRC—PIanning and Promoting Ecological Land Reuse of Remediated Sites

July 2006

Reusing Cleaned Up Superfund Sites: Commercial Use Where Waste is Left On-Site, EPA
540/K-01/008, 2001 (http://www.epa.gov/superfund/programs/recycle/c_reuse.pdf)
Recreational Use of Land Above Hazardous Waste Containment Sites, EPA 540/K-01/002,
2001 (http://www.epa.gov/superfund/programs/recycle/tools/recreuse.pdf)

Reuse of CERCLA Landfill and Containment Sites, EPA 540-F-99-15,
(http://www.epa.gov/superfund/resources/presump/finalpdf/)

1999

Superfund redevelopment efforts can take a variety of forms:

A pilot program that, since 1999, has provided over seventy local governments with up to
$100,000 in funds or facilitation services for reuse assessment and public outreach to help
determine their site's future use.

Partnerships between EPA, states, tribes, other federal agencies, local governments,
communities, land owners, lenders, developers, and parties that are potentially responsible
for contamination.

The publication of redevelopment successes through case studies and fact sheets that
illustrate reuse options and lessons that have been learned through pilots and other reuse
projects.

While current guidance acknowledges reuse as an objective, it implements reuse retrospectively
because it asks how sites can be used only after the remedy has been implemented. EPA, on the
other hand, encourages planning and coordination toward a land reuse desired by the potentially
responsible party (PRP), community and other interested parties. Several legal avenues can
introduce this more proactive approach to remediation into the CERCLA program. Under

CERCLA, RCRA is the source of potential “applicable

or relevant and appropriate requirements” (ARARs) | 209HNatural ~ Resource  Trustees
that govern cleanup (Gill et al. 1999) and may still have | conduct NRDAs to identify —and
document the extent of injuries,

a critical impact.

quantify the injuries, and determine the
cost of compensation for the injured

Other sources of legislation and regulation may apply
to sites in most states. Other sources of remediation
authority may be Brownfields, Voluntary Cleanup,
Mined Land Reclamation, and other remediation
programs. All states have legislation and regulations
protecting HH&E; a few states have policies and
guidance that address the need to include ecological
considerations in cleanup alternatives. Some of these
regulations can be viewed at the DOE Office of
Environmental Management Laws and Policy site
(http://Its.apps.em.doe.gov/center/stewlink0.asp) and at
Long Term Stewardship In the Nuclear Weapons
Complex (http://ndep.nv.gov/Its/ndaa_lts.htm).

If the goal is to increase ecological enhancements as
part of a remedy, an NRDA claim could be offset and
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resources. Compensation for injured
natural resources resulting from
releases of hazardous substances or
discharges of oil can take the form of
monetary damages, restoration projects,
or a combination of both. Injuries to
natural resources are evaluated by
identifying the functions or services
provided by the resources, determining
the baseline level of the services
provided by the injured resource(s), and
quantifying the reduction in service
levels as a result of the contamination.
Regulations for assessing NRD have
been promulgated under both CERCLA
and OPA.
(210Hnttp://www.epa.gov/superfund/pro
grams/nrd/nrda.htm)
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provide regulatory incentives to PRPs to align ecological end-uses with resource protection and
recovery. Including ecological end use along with strong stakeholder input into remedial
decision making may preclude or reduce future NRDA claims. Ecological land reuse could
alleviate NRDA whether an NRDA claim is imminent or not. See DOE CERCLA Information
Brief,  Office of  Environmental  Guidance, @ EH-231-017/0693, June 1993
(http://www.eh.doe.gov/oepa/guidance/cercla/nrda.pdf), for information on NRDA assessments
in the DOE. While it may be unclear how these ecological reuses may offset future NRDA
claims, there appears to be significant technical and regulatory basis for these discussions.

All environmental regulatory rules governing cleanup decisions require that the protectiveness
mandates apply so long as land use restrictions are in effect. Remedy protectiveness reviews and
institutional or land use controls must be maintained until residual contamination no longer
poses a threat to HH&E. The selection of land use controls as a component of ecological reuse
go hand-in-hand during remedy selection. For more information please see: Institutional
Controls: A Site Manager's Guide to Identifying, Evaluating and Selecting Institutional Controls
at Superfund and RCRA Corrective Action Cleanups, EPA 540-F-00-005, OSWER 9355.0-74FS-
P, September 2000. (http://www.epa.gov/superfund/action/ic/quide/guide.pdf).

4.1.1 Hazardous Waste Disposal Facilities

CFR Title 40 Subchapter |1, Parts 260-279
contains regulations governing the management of | At several points the regulations indicate that
hazardous waste facilities. At several points the | alternative regulatory requirements may be
regulations indicate that alternative regulatory | UYsed !0 supplant the more specific prescriptive
. regulations and can be used to support
requ!r_ements maY be used _tO supplant the more alternative design integrating ecological
specific prescriptive regulations and can be used | enhancements.
to support alternative design integrating ecological
enhancements. CFR Section 264.110 (below) affords the opportunity to use “alternative

requirements,” provided they are protective of HH&E:

§ 264.110 Applicability.
(c) The Regional Administrator may replace all or part of the requirements of this
subpart (and the unit-specific standards referenced in § 264.111(c) applying to a
regulated unit), with alternative requirements set out in a permit or in an
enforceable document (as defined in 40 CFR 270.1(c)(7)), where the Regional
Administrator determines that:
(1) The regulated unit is situated among solid waste management units (or
areas of concern), a release has occurred, and both the regulated unit and
one or more solid waste management unit(s) (or areas of concern) are
likely to have contributed to the release; and
(2) It is not necessary to apply the closure requirements of this subpart
(and those referenced herein) because the alternative requirements will
protect human health and the environment and will satisfy the closure
performance standard of § 264.111 (a) and (b) and c. Complies with
closure requirements of this subpart including, but not limited to, the
requirements of §8264.178, 264.197, 264.228, 264.258, 264.280, 264.310,
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264.351, 264.601 through 264.603, and 264.1102. (51 FR 16444, May 2,
1986, as amended at 51 FR 25472, July 14, 1986; 57 FR 37264, Aug. 18,
1992; 63 FR 56733, Oct. 22, 1998)

Key to this regulation is the requirement to protect the environment. Integrating ecological end
uses via the inclusion of ecological elements or enhancements into remedies is consistent with
protection of the environment. Currently the EPA indicates that protecting the environment may
include the replacement of habitat that was impacted on a site, local, or region (EPA 2004).

Section 264.110 does not specify prescriptive regulatory requirements but instead focuses on
managing the potential risk associated with a hazardous waste or solid waste management units.
The alternative requirements that are protective of HH&E are left to negotiations between the
facility owner/operator and the regulators. This section also calls out the need to protect not only
human health, but also the environment. While Part 264 of the CFR pertains to permitted
hazardous waste facilities, similar regulations are found in Part 265, which apply to interim
status hazardous waste facilities.

Similarly, Section 265.110(d) is significant because it affords the opportunity for the regional
administrator to use “alternative requirements” protective of HH&E. Again, these regulations do
not contain specific performance requirements but instead identify the need to be protective or
manage the threat associated with a given hazardous waste activity. Therefore, this section of the
regulations clearly supports the design, construction, and operation of alternative remedies,
including those that are protective of the environment via the inclusion of ecological element or
enhancements.

The RCRA regulations clearly establish closure performance standards for hazardous waste
disposal facilities. These standards are found in 40 CFR Sections 264.111 and 265.111 for
permitted and interim hazardous waste disposal facilities, respectively, and apply to hazardous
waste landfills and other RCRA-regulated units. The standards state the following:

The owner or operator must close the facility in a manner that:

a. Minimizes the need for further maintenance; and

b. Controls, minimizes, or eliminates, to the extent necessary to protect
HH&E, post-closure escape of hazardous waste, hazardous constituents,
leachate, contaminated runoff, or hazardous waste decomposition products
to the ground or surface waters or to the atmosphere.

The intent of these standards is reiterated along with other previous closure performance criteria:
to protect the environment by protecting surface impacts from runoff, surface water,
groundwater, and air (in addition to protecting human health). EPA encourages alternative
standards that are tailored to protecting HH&E via the inclusion of ecological elements and
enhancements into remediation strategies while returning land to a productive end use (see EPA
2003 for further discussion).
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Corrective action deals with responding to releases or past disposal events. Section 264.101 of
40 CFR identifies the performance standard related to implementing corrective action. The first
portion of the federal corrective action regulations is copied below:

§ 264.101: Corrective action for solid waste management units.

(a) The owner or operator of a facility seeking a permit for the treatment, storage,
or disposal of hazardous waste must institute corrective action as necessary to
protect HH&E for all releases of hazardous waste or constituents from any solid
waste management unit at the facility, regardless of the time at which waste was
placed in such unit.

This regulation again identifies the protection of HH&E as a goal. Therefore, at RCRA-regulated
facilities with a historical release of solid or hazardous waste, protection of the environment
should be considered as part of the final remedy. Similar statutes and regulations pertain to
interim status or nonpermitted RCRA regulated facilities. One example is found in Colorado’s
regulations related to corrective action activities associated with interim status treatment,
storage, and disposal facilities:

Section: 265.5 Interim status corrective action orders.

(a) Facilities that are or were subject to the requirements of Part 265 shall not
have releases of hazardous waste or hazardous constituents into the
environment which may be or are harmful to human health and the
environment. Whenever on the basis of any information, the Department
determines that there is or has been a release of hazardous waste or
hazardous constituents into the environment from an interim status
facility, the Department may issue an order under authority of Section 25-
15-308(2), C.R.S. requiring corrective action or such other response
measure as it deems necessary to protect human health or the
environment. Any order issued under this section may include a
suspension or revocation of interim status authorization to operate if the
Department has reasonable grounds to believe and finds that the owner
and operator has been guilty of a deliberate and willful violation resulting
in such releases, or that the public health, safety or environment
imperatively requires emergency action. Any order issued under this
section shall state with reasonable specificity the nature of the required
corrective action or other response measure and shall specify a time for
compliance. Any order issued under this section may designate or
establish corrective action management units or temporary units in
accordance with 264.552 and 264.553.

The Federal Code of Regulations and many of the states’ regulations related to the RCRA
Program require the protection of the environment in addition to the protection of human
health. Protection of the environment may and should include the implementation of
ecological elements and enhancements. These requirements are far reaching in that they not
only pertain to the RCRA Subtitle C regulatory program, but may also serve as ARARs for
the CERCLA program.
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4.1.2 Flexibility in Brownfield Legislation

On January 11, 2002, President Bush signed the Small Business Liability Relief and Brownfields
Revitalization Act (Pub .L. No. 107-118, 115 stat. 2356, "the Brownfields Law™). The
Brownfields Law amended CERCLA by providing funds to assess and clean up Brownfields,
clarified CERCLA liability protections, and provided funds to enhance state and tribal response
programs. Other related laws and regulations impact Brownfields cleanup and reuse through
financial incentives and regulatory requirements. Brownfields legislation also emphasizes
protection of the environment:

Title 11--Brownfields Revitalization and Environmental Restoration

Sec. 211. Brownfields Revitalization Funding

(C) Site-By-Site Determinations- Notwithstanding subparagraph (B) and on a
site-by-site basis, the President may authorize financial assistance under section
104(k) to an eligible entity at a site included in clause (i), (iv), (v), (vi), (viii), or
(ix) of subparagraph (B) if the President finds that financial assistance will protect
human health and the environment, and either promote economic development or
enable the creation of, preservation of, or addition to parks, greenways,
undeveloped property, other recreational property, or other property used for
nonprofit purposes.

4.1.3 Flexibility in State Solid Waste Requlations

The federal regulations pertaining to municipal solid waste facilities include provisions for the
use of alternative requirements as part of the closure process as identified below:

(3) The Director of an approved State may establish alternative requirements for
the infiltration barrier in a paragraph (b)(1) of this section, after public review and
comment, for any owners or operators of MSWLFs that dispose of 20 tons of
municipal solid waste per day or less, based on an annual average. Any
alternative requirements established under this paragraph must:

(i) Consider the unique characteristics of small communities;

(i) Take into account climatic and hydrogeologic conditions; and

(iii) Be protective of human health and the environment.

In addition to ecological elements or enhancements being incorporated into the closure process,
they should also be considered as part of the corrective action process as identified below in the
Federal Solid Waste Regulations.

Part 258—Criteria For Municipal Solid Waste Landfills Subpart E—Ground-
Water Monitoring and Corrective Action

Section: 258.58 Implementation of the corrective action program.
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(@) Based on the schedule established under 8258.57(d) for initiation and
completion of remedial activities the owner/operator must:
(1) Establish and implement a corrective action ground-water monitoring
program that:
(1) At a minimum, meets the requirements of an assessment
monitoring program under §258.55;
(i) Indicates the effectiveness of the corrective action remedy; and
(iii) Demonstrates compliance with ground-water protection
standard pursuant to paragraph (e) of this section.
(2) Implement the corrective action remedy selected under §258.57; and
(3) Take any interim measures necessary to ensure the protection of
human health and the environment. Interim measures should, to the
greatest extent practicable, be consistent with the objectives of and
contribute to the performance of any remedy that may be required
pursuant to CFR40 8§258.57. The following factors must be considered by
an owner or operator in determining whether interim measures are
necessary:
(i) time required to develop and implement a final remedy;
(i) actual or potential exposure of nearby populations or
environmental receptors to hazardous constituents;
(ii1) actual or potential contamination of drinking water supplies or
sensitive ecosystems;
(iv) further degradation of the ground-water that may occur if
remedial action is not initiated expeditiously;
(v) weather conditions that may cause hazardous constituents to
migrate or be released;
(vi) risks of fire or explosion, or potential for exposure to
hazardous constituents as a result of an accident or failure of a
container or handling system; and
(vii) other situations that may pose threats to human health and the
environment.

As with regulations pertaining to hazardous waste facilities, remediation planners can take
advantage of this opportunity to implement ecologically-based closures in accordance with the
provision to protect the environment. Again, the closure process for solid waste facilities should
incorporate protection of the environment and not human health alone. Protection of the
environment may be most readily achieved by the inclusion of ecological elements or
enhancements into the closure and remediation processes.

4.2 Conventional Requirements versus Performance Requirements

The regulatory and guidance citations above identify requirements that have long dictated the
protection of HH&E. This may be accomplished by direct implementation of the regulations or
by taking advantage of and using “alternative requirements.” More recently, however, EPA has
adopted policies that are meant to speed remediation and encourage the use of innovative designs
(Gill et al 1999). The use of innovative technologies, including ecological elements or
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enhancements, is consistent with EPA’s desire to move remediation projects through the
regulatory process and achieve stable sites with final remedies in place that are protective of
HH&E.

In addition, the use of risk-based criteria to evaluate the threat to HH&E is being used more
frequently to make closure and remediation decisions. Risk-based criteria allow facilities and
regulators to evaluate the current and potential future stressors and resulting threats associated
with a particular site, facility, unit, or impacted area. The stressors may represent the risk or
threat associated with a specific impacted area of contamination or waste management facility.
The stressors are then converted to failure modes for closure or remediation projects. The
stressors help planners understand how contamination may be released from an area, what media
may be impacted, and who or what could then be exposed to the contamination. Alternative
requirements may then be used to protect the environment by integrating ecological elements or
enhancements into a postremediation end use as an integral part of the final remedy. This
flexibility allows for innovation and alternative designs—designs that are geared toward
performance-based instead of criteria-based remedies. These remedies incorporate ecological
land reuse via the implementation of ecological elements or enhancements and are protective of
human health and the environment.

4.3 Example of State Flexibility (Pennsylvania)

Pennsylvania’s Land Recycling Program allows a flexible approach to site remedy selection that
could readily accommodate the application of ecological elements or enhancements. The
owner/operator of a site can choose one or a combination of three risk-based cleanup standards
as an attainment endpoint for the remedial efforts. The final site condition can be selected to
accommodate the expected end uses for the site. These regulatory standards are performance
based and allow the cleanup to be conducted via a nonprescriptive approach, with the final
standard attainment being the basic measure of success. Thus, the means by which the site is
cleaned up is at the owner/operator’s discretion, as is the final site restoration.

5. DECISION MAKING

Decision making is often driven by the need to address immediate threats or by procedures in a
regulatory framework. While these are necessary, successful efforts also take a future view and
define a clear vision of the desired end use of the site. To accomplish this, designers must
consider the site's relationship to the surrounding environment, the needs of the local
community, and the feasible solutions to the limitations created from the site contamination. This
requires an immediate, yet step-wise process to effectively evaluate the site, the danger, and the
goal. More specifically, the three initial steps in this process are: (1) establish the site service
capacity, (2) mitigate immediate threats, and (3) assure that established cleanup goals protect
HH&E. Figure 5-1 below details this process.
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Figure 5-1. Decision making for ecological land reuse at remediated sites

Decision making at a site scheduled for remediation, with an interest in placing the remediated
property back into use, requires a clear understanding of the region, expected future conditions
of the property, and options to remediate the contamination. This is especially true if the site will
include an ecological end use. By integrating ecological elements or enhancements into the
cleanup remedy and considering the planned use of the surrounding properties, a natural or
created terrain or habitat can intermingle and complement a residential, industrial, and open
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