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EXECUTIVE SUMMARY

The U.S. Environmental Protection Agency (EPA) Pacific Southwest Region (Region 9) and the
U.S. Air Force (AF) are committed to Green and Sustainable Remediation (GSR) and recognize the
availability of multiple analytical tools to assess the environmental footprint of remedial actions.
EPA Region 9 and AF senior officials signed a Memorandum of Understanding (MOU) “to
collaborate and leverage their resources and technical expertise to support and expand GSR
practices at the Air Force facilities within the region while continuing to comply with CERCLA and
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).” Specifically, the
AF and EPA were to conduct a pilot study comparing the footprint analysis tools of each
organization—the EPA Region 9 Spreadsheets for Environmental Footprinting Analysis (SEFA)
and the AF Sustainable Remediation Tool (SRT™)—and then use the pilot study findings to make
recommendations directed toward the use of life cycle analysis, green remediation (GR) practices,
and a process to evaluate existing remedial actions to further reduce footprint.

APPROACH/ACTIVITIES

As directed by the MOU, EPA and AF representatives were appointed to further define the scope
and objectives. This inter-agency team of EPA and AF experts further defined the objective of the
MOU to include an evaluation of the advantages and disadvantages of their respective tools and
make non-binding recommendations as to possible improvements and the advantages and
disadvantages of each tool. The team also decided to leverage the Department of Defense (DoD)
Environmental Security Technology Certification Program (ESTCP) demonstration project titled
Quantifying Life-Cycle Environmental Footprints of Soil and Groundwater Remedies (#ER-201127) and EPA
HQ funds to expand the pilot study to include the life cycle assessment (LCA) software tool
SimaPro™. a third-party tool developed by Pré Consultants in the Netherlands.

The team conducted the pilot comparative study by evaluating the environmental footprint of two
remedial actions at Travis AFB. The EPA SEFA and the AF SRT footprint tools were used to
quantify the environmental footprint of a soil excavation remedy and a groundwater pump and treat
remedial action. First, analyses were conducted by the respective tool owner (EPA or AF) using the
same initial information and their best judgment. The results were then compared, the input aligned
as much as possible, and the tools were run again. The team conducted a rigorous comparison of
the calculations and numerical results in order to determine the cause for any differences in the
results. The team then used their respective experience and observations of the usability and
applicability of the tools to define the advantages and disadvantages of the tools and make
recommendations to enhance the use of footprint tools in order to promote best GSR practice
recommendations. Analysis was conducted simultaneously using SimaPro and compared to SEFA
and SRT. These results are presented in Section 8 of this report.
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SEFA AND SRT COMPARATIVE ANALYSIS FINDINGS

The SEFA and SRT footprint tools produced substantially different numerical results for both of

the pilot study sites, up to a factor of 10 for some metrics. These differences were attributable to

different input parameters, use of different simplifying assumptions, and use of different

intermediate calculations. The footprint comparative analyses at the two sites led to the following

key findings related to use of footprint tools (or “life cycle analyses approaches”), especially in the
context of AF sites in the Pacific Southwest Region.

1.

SRT may be best suited for a concise and timely comparison of the environmental footprint
for most common AF technologies, either at remedy selection or in optimization review
stages, particularly where the selected remedy involves a single or a combination of standard
technologies and/or whete limited site information is available. SRT can provide project
managers with footprinting analyses without substantial time, cost, or detailed input data
needs.

SEFA is adaptable and may be used for a concise analysis or for a more in-depth analysis of
a remedy or technology. It is particularly applicable for evaluations of innovative and/or
unusual remedial technologies. SEFA achieves the objectives established by EPA Mezhodology
for Understanding and Reducing a Project's Environmental Footprint dated February 2012. SEFA is
designed to accommodate more detailed levels of site information, and allows access to
intermediate calculations to identify and rank different footprint contributors. SEFA can
also more easily characterize the usage of renewable energy, water, and materials, as well as
waste generation/soil consolidation.

The variation in the tools might affect the footprint results for the same remedial
technologies or the weight of different footprint contributors for a specified remedy and
thus, SEFA and SRT may rank a given set of remedial actions differently.

STRATEGY RECOMMENDATIONS

1.

Develop a concise package of information that remedial managers can use to make informed
choices regarding which footprint tool is best for their situation. Information included in
the package should include any applicable guidance and recommended use of SEFA, SRT,
and SimaPro; their advantages and disadvantages; and their consistency with the EPA
Methodology (including this report).

Develop a mutual understanding of a process for efficient regulatory review and comment of
footprint analyses in remedial decision making and remedy implementation.

Incorporate GSR in the scope of work for the Air Force Performance Based Contracts
(PBC) and EPA Remedial Oversight Contracts.

Promote/advocate for footprint analysis in all Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) phases as an information point and to inform
remedial decisions and optimization in balance with cost and timely site closeout goals. (The

11
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AF PBC restricts AF ability to direct the use of a specific GSR remedy or practice, and
contractors will not use a GSR remedy or practice unless it is cost effective). Communicate
the advantages of conducting a footprint analysis to all stakeholders.

5. Update SEFA and SRT per the specific recommendations in the report and summarized
below.'

e EPA should consider including a tutorial in the SEFA to assist first-time users, allow users
to override the remaining default assumptions, and provide a post-processor to help the user
compile intermediate calculations and results.

e The Air Force should consider updating SRT to reflect the elements of EPA’s Footprint
Methodology (particularly the metrics for renewable energy, water use, and materials
management) and provide user access to intermediate calculations. Also, additional
remediation technologies could be added as well as the flexibility for the user to add specific
materials and activities not already included in the tool.

6. Promote GSR best business practices by coalescing GSR initiatives and best management
practices available or in pilot demonstration (see References/Resource Section). This could
include a database of EPA and DoD GSR practices to establish a baseline of existing
practices and monitor progress of GSR implementation.

7. Coordinate with and leverage the efforts of other GSR initiatives, particularly those
developed in the Federal Remediation Technologies Roundtable, the ESTCP and Strategic
Environmental Research and Development Plan (SERDP), and the Interstate Technology
Regulatory Council (ITRC). Commit to a regulatory backed initiative to provide concise
training and support of overall GSR practices and tools focused on federal facilities via
outreach, capacity building, and technology transfer.

The voluntary use of GSR practices is growing in importance nationally and internationally. While

several state and federal agencies, including US EPA Regions have been voluntarily considering and
evaluating GSR approaches in their remediation programs, responsible parties and stakeholders are
also realizing the importance of including GSR considerations at sites within their control.

! The interagency team acknowledges that the results in this report are based on only two comparative analyses of this
pilot effort.

111
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1.0 INTRODUCTION/OVERVIEW

The U.S. Air Force (AF) and U.S. Environmental Protection Agency (EPA) Pacific Southwest Region
(Region 9) entered a Memorandum of Understanding (MOU) for Green and Sustainable
Remediation (GSR) strategies on September 23, 2011. EPA Region 9 and AF senior officials signed
the MOU “to collaborate and leverage their resources and technical expertise to support and expand
GSR practices at the Air Force facilities within the Region while continuing to comply with
CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).”
The GSR MOU is included as Appendix 1.

The MOU states that the parties will define how this pilot study analysis will be conducted. The AF
and EPA first established an inter-agency team composed of technical and policy interests to
represent each agency. The core team is advised by the EPA Green Remediation Steering
Committee and reports to the AF/EPA partnering meeting team, and to all appropriate EPA and AF
leadership. All actions and decisions are coordinated and confirmed by these representatives.

Under the GSR MOU, EPA and the AF commit to a collaborative effort to compare their
environmental footprint analysis tools, and to make recommendations to support and expand GSR
practices at other AF Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) sites. Specifically, the agencies sought to (1) understand the tools, their application,
extent, and relevance in real site conditions, and (2) to recommend how the tools may be used in
future sites to support and expand GSR practices at other AF CERCLA sites in the region and
nationally. These recommendations are expected in the form of a strategy that includes the
following:

1. The use of lifecycle analyses approaches of feasible cleanup alternatives

2. Best practices, such as water reuse, soil consolidation, alternative energy sources, and
optimization of groundwater pump and treat remedies

3. Process of petiodic evaluation of existing cleanup actions and/or technologies that could
reduce the environmental footprint of cleanup activities.

The overall goal of the MOU is to reach a consensus on the optimal use of these tools to increase
the use of best management practices that minimize the environmental footprint of cleanup actions
while continuing to comply with CERCLA and the NCP. The MOU does not dictate the use of
additional GSR practices or impose further requirements to use GSR or any other remedial action.
There are no binding regulatory constraints obligated by the MOU. The audience for the MOU
report includes the EPA and AF restoration employees and the general public based on both
agencies sharing information gained from this effort on their respective websites.
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This is the first time EPA has partnered with another federal agency to assess GSR practices by
conducting environmental footprint analyses. Lessons learned from this pilot collaboration can
inform the national discussion on the optimal use of environmental footprint analyses to support
the expeditious and protective cleanup of Department of Defense (DoD) installations while
maximizing the environmental benefits of these cleanups.

This joint pilot effort is focused on comparing the EPA Spreadsheets for Environmental
Footprinting Analysis (SEFA) and the AF Sustainable Remediation Tool (SRT™). The EPA/AF
team used the results of the tool comparison evaluation to make recommendations about the use of
footprint analyses in the various stages of the cleanup process in support of the voluntary use of
GSR practices. EPA and AF created an inter-agency team of experts and conducted cross-agency
technology transfer on SEFA and the SRT. The team leveraged the DoD Environmental Security
Technology Certification Program (ESTCP) demonstration project titled Quantifying Life-Cycle
Environmental Footprints of Soil and Groundwater Remedies (#ER-201127) and EPA HQ funds to expand
the pilot study to include the life cycle assessment (LCA) software tool SimaPro™, a third-party tool
developed by Pré Consultants in the Netherlands.
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2.0 POLICY DRIVERS

The Air Force and EPA are implementing the MOU through a collaborative approach that leverages
expertise, reduces costs, and complies with the President’s Executive Orders (EOs) 13514 and
13423. The AF/EPA R9 MOU is consistent with guidance recently issued by both DoD and EPA,
including the revised Defense Environmental Restoration Program (DERP) Management Mannal (DoD
2012) and the EPA Methodology for Understanding and Reducing a Project's Environmental Footprint (EPA
2012). The MOU-recommended strategies are also informed by tecent public (DoD/EPA), ASTM,
Interstate Technology and Regulatory Council (ITRC), and private sector initiatives on GSR
footprint tools and best management practices.

The following policy and guidance affect GSR practices and are used by the EPA and Air Force.

2.1 EXECUTIVE ORDERS

Cutrent DoD and EPA policy and practice regarding GSR/Green Remediation (GR) is driven by the
following two EOs.

Executive Order 13514 Federal Leadership in Environmental, Energy, and Economic Performance

This EO seeks “to establish an integrated strategy towards sustainability in the Federal Government
and to make reduction of greenhouse gas emissions a priority for Federal Agencies” (Federal Register,
October 8, 2009). The EO establishes goals for reductions in greenhouse gases, energy consumption,
and potable and industrial water use by Federal agencies.

Executive Order 13423 Strengthening Federal Environmental, Energy, and Transportation Management

This EO is intended to “strengthen the environmental, energy, and transportation management of
Federal agencies” (Federal Register, January 26, 2007), by improving energy efficiency, increasing the
use of renewable energy, and implementing environmental management systems that are compliant
with International Standards Organization (ISO) 14001 by conducting agencies’ mission in an
environmentally, economically, and fiscally sound, integrated, continuously improving, efficient, and
sustainable manner.

2.2 DEPARTMENT OF DEFENSE

The Defense Environmental Restoration Program (DERP) Management Manual Procedures
Revised March 09, 2012 (DoD 2012) identifies Procedures 6 (d) Green and Sustainable Remediation

as

(1) Green and sustainable remediation expands on DoD’s current environmental practices
and employs strategies for environmental restoration that use natural resources and energy
efficiently, reduce negative impacts on the environment, minimize or eliminate pollution at

its source, and reduce waste to the greatest extent possible. Green and sustainable
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remediation uses strategies that consider all environmental effects of remedy implementation
and operation and incorporates options to maximize the overall environmental benefit of
environmental response actions.

(2) Opportunities to increase sustainability considerations throughout all phases of
remediation (i.e., site investigation, remedy evaluation, design, construction, operation,

monitoring, and site closeout) may exist, regardless of the selected remedy.

(3) The DoD Component should consider and implement green and sustainable remediation
opportunities in current and future remedial activities when feasible. The DoD Component
should not under most circumstances re-open DDs and agreements that may be in place or
under negotiation with environmental regulators.

(4) Pursuant to E.O. 13514 the DoD Component shall, where practicable based on
economic and social benefits and costs, ensure green and sustainable remediation practices
by increasing energy efficiency; conserving and protecting water resources through
efficiency, reuse, and storm water management; eliminating waste, recycling, and preventing
pollution; leveraging agency acquisitions to foster markets for sustainable technologies and
environmentally preferable materials, products, and services; and strengthening the vitality
and livability of the communities in which Federal facilities are located.

2.3 UNITED STATES AIR FORCE
The AF Sustainable Ops Policy Statement (AF, 2001) states that “it is Air Force policy to apply

sustainable development concepts in the planning, design, construction, environmental
management, operation, maintenance and disposal of facilities and infrastructure projects, consistent
with budget and mission requirements.” Further, in 2007, HQ AF issued the AF Sustainable Design
and Development (SDD) Policy. The goal of this policy is to reduce the environmental impact and
total ownership cost of facilities; improve energy efficiency and water conservation; and provide
safe, healthy, and productive working environments. This policy also directs facilities to be
consistent with the Energy Policy Act of 2005 and EO 13423 (AF SDD, 2007)

2.4 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

The EPA Superfund program encompasses the three pillars of sustainability: social, economic and
environment as summarized below.

2.4.1 SoOCIAL

e Engaging communities in site cleanup decisions
e Turning contaminated sites into community assets
2.4.2 ECONOMIC
e Redevelopment in blighted areas (aligns with smart growth goals)

e Fostering employment opportunities in communities where sites are cleaned up
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2.4.3

Rising property values in communities
ENVIRONMENT
Protecting Human Health and the Environment

Liberating contaminated sites for reuse (one remediated acre redeveloped equals four acres
of green field development)

EPA defines GR as the practice of considering all environmental effects of remedy implementation

and incorporating options to minimize the environmental footprint of cleanup actions. The EPA’s

GR policies are summarized in the Principles for Greener Cleanups, the Superfund Green Remediation Strategy,
and the EPA 9 Regional Greener Cleanups policies. All of these EPA documents are available at

www.cluin.org/greenremediation.

EPA’s Principles for Green Remediation policy contains five core elements:

1.

2
3
4.
5

Reduce total energy use and increase the percentage of renewable energy
Reduce air pollutants and greenhouse gas (GHG) emissions

Reduce water use and negative impacts on water resources

Improve materials management and waste reduction efforts

Protect ecosystem services.

Further, as part of EPA Strategic Plan 2011-2015, Goal 3: Cleaning Up Communities and Advancing
Sustainable Development, Administrator Lisa Jackson has pledged that the “EPA’s Superfund program

will implement its GR strategy to reduce the energy, water, and materials used during site cleanups

while ensuring that protective remedies are implemented.”
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3.0 ROLE OF ENVIRONMENTAL REMEDIATION FOOTPRINT
ANALYSIS

An environmental remediation footprint is the sum of environmental effects that result from the
cleanup of a hazardous site. As noted in the EPA Principles for Greener Cleanups, “...cleanup
activities use energy, water and materials resources to achieve cleanup objectives. The process of
cleanup therefore creates an environmental footprint of its own. Parties can optimize and implement
protective cleanups that are greener by increasing their understanding of the environmental
footprint and, when appropriate, taking steps to minimize that footprint. The quantified information
can then be used to identify opportunities for adjusting the project’s operating parameters, optimize
environmental performance and apply Greener Cleanup Best Management Practices in ways that
reduce the footprint.”

Consistent with the EPA Principles for Greener Cleanups, EPA developed the Methodology for
Understanding and Reducing a Project's Environmental Footprint (Methodology). (OSWER EPA 542-R-12-
002, February 2012) (EPA 2012). The Methodology identifies 15 metrics associated with a site’s
environmental footprint and describes a process for quantifying those metrics. The methodology
metrics are calculated for the following categories: materials and waste, water, energy, and air.
Ecosystems Services are currently assessed qualitatively.
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4.0 DESCRIPTION OF ENVIRONMENTAL FOOTPRINT TOOLS

Several analytical tools have been developed to assist with quantifying the environmental footprints
of remedies. In addition, LCA tools developed for and used in the manufacturing sector can be
applied to remedies to help quantify an environmental footprint. This EPA/AF MOU effort
evaluates the environmental footprint of a given remedy using three environmental footprint tools:
SRT, SEFA, and SimaPro. This section describes their different histories of development and their
purpose and application.

4.1 SUSTAINABLE REMEDIATION TOOL (SRT)

The SRT was developed by the Air Force Civil Engineer Center (AFCEC) and its partners to (1)
plan for the future implementation of remediation technologies at a particular site, (2) compare
remediation approaches on the basis of sustainability metrics, and (3) provide a means to evaluate
optimization of remediation technology systems already in place. The tool allows users to estimate
sustainability metrics for specific remedial action technologies. Versions of the tool were released in
May 2009 and May 2010, and the revised January 2012 version includes simplified data entry process
for users of the Remedial Action Cost Engineering and Requirements (RACER™) software
application that can be used by AF and other users with a RACER user license.

The SRT produces numerical environmental footprint/sustainability metrics and social and
economic factors. SRT is limited to nine technologies or remedial actions. The following
technologies are currently included in the SRT:

e Hxcavation

e Soil Vapor Extraction

e Thermal Treatment Technologies

e Pump and Treat

e Enhanced In Situ Bioremediation

e In Situ Chemical Oxidation (ISCO)

e Permeable Reactive Barrier (PRB)

e Long-term Monitoring (LTM) / Monitored Natural Attenuation (MNA)

SRT features two levels or tiers of increasing complexity to accommodate user needs—the
information available about a site and the detail or confidence needed in the evaluation of the GSR
metrics. Tier 2 requires more detailed inputs than Tier 1. In addition, Tier 2 allows the user to
modify many of the general assumptions made in the analysis, whereas Tier 1 does not allow
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modification of assumptions. In general, Tier 1 takes 1-2 hours to execute, whereas Tier 2 could
take up to 1-2 days of effort.

SRT has been used by federal and state agencies and private companies, as well as globally by
practitioners in Australia, Brazil, and other countries. It has also been used in research studies
comparing social indicator decision support tools (Beames 2012, Eskes 2012).

4.2 SPREADSHEETS FOR ENVIRONMENTAL FOOTPRINT ANALYSIS (SEFA)

SEFA is a set of workbooks designed for conducting environmental footprint analyses compatible
with the EPA’s Methodology (US EPA, 2012), which in turn reflects EPA’s five core elements for GR.
SEFA can be used in any stage of site cleanup, including evaluating remedy alternatives, completing
remedy designs, or optimizing remedies already in operation. Input includes materials use, water
use, waste disposal, transportation, equipment use, and other items. Output is provided for all
metrics defined in the Methodology. Time to conduct SEFA depends on the amount of data and level
of detail desired, but generally requires a day of data input once the pertinent remedy information
has been collected and reviewed.

SEFA has also been used by federal and state agencies, and used internationally to identify an
environmental footprint of soil remediation and support urban redevelopment in Venice, Italy.
(Barbanti 2012)

4.3 LIFE-CYCLE ASSESSMENTS - SIMAPRO

SimaPro was developed and marketed by Pré Consultants in the Netherlands, to facilitate LCA
studies in accordance with ISO Standards 14040 and 14044. SimaPro can cost between $3,000 and
$12,000 (typically $9,000 for professionals) to purchase depending on the type of license, number of
user licenses, and features required. Service and support packages are available for additional cost.
The SimaPro LCA software provides a user interface and tools to facilitate the use of life-cycle
inventory. SimaPro comes fully integrated with several life cycle databases including the extensive
proprietary Ecolnvent database. Additional databases and methods are included to convert
footprint information (such as sulfur oxide emissions) into environmental impacts (such as
acidification). The time to conduct SimaPro analyses depends on the amount of data and level of
detail desired, but generally takes more than a day to input data by an experienced SimaPro user
once pertinent remedy information has been collected and reviewed.
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5.0 TECHNICAL COMPARATIVE ANALYSIS PILOT STUDY
APPROACH

The parties first established an inter-agency team of programmatic representatives and technical
experts to define how the pilot study would be conducted, and accomplish the MOU. This team
relied on the Travis AFB Remedial Project Mangers (RPMs) from the AF, EPA Region 9, as well as
from California EPA. The team was advised by the EPA Green Remediation Steering Committee
and commiitted to providing reports to AF/EPA Partnering Meeting Team, and to all appropriate
EPA and AF leadership. All actions and decisions were coordinated and confirmed by these
representatives. The team agreed that the intention and objective of the MOU was to compare the
output from the footprint tools for various sites. It was not intended to inform a remedial action
decision or to compare various competing alternatives for remedy selection. To accomplish the
technical footprint analyses and comparisons, a technical team of GSR footprinting experts then was
formed as a subset to the inter-agency team.

5.1 SITE SELECTION

The team began with a kick-off meeting on November 18, 2011, to further refine the scope and
select a pilot site. Site DP039 at Travis AFB had previously adopted GSR remedial actions and thus
was nominated by the Air Force as a pilot study site. The group discussed the benefit of using the
EPA and AF footprint tools on a variety of remedial technologies, such as a soil, in addition to the
groundwater remedy used at DP039. The Travis RPMs suggested a soil site, FT005, and the inter-
agency team concurred.

Travis AFB, in Solano County, California, is host to the 60" Air Mobility Wing and operates C-5 and
C-17 cargo aircraft and KC-10 refueling aircraft. Itis also home to the David Grant Medical Center
and other tenant organizations. It consists of aircraft runways and parking ramps, hangars, and
related support facilities. Industrial operations include aircraft refueling and maintenance activities
that involve the cleaning of aircraft components with chlorinated solvents.

Site DP039 consists of a solvent plume that originated from a former rock-filled acid neutralization
sump approximately 65 feet west of Building 755, in the northern portion of the West/Annexes/
Basewide Operable Unit (WABOU). Contaminants of concern (COCs) include lead for soil and
chlorinated solvents for groundwater. The base removed the sump in 1993 and the building in
20009.

Site FT005 is a former fire training area, and the primary COCs in soil include Polycyclic Aromatic
Hydrocarbons (PAHs), Total Petroleum Hydrocarbons (TPH), polychlorinated biphenyls (PCBs),
and Dioxin. The Record of Decision (ROD) remedy was soil excavation to industrial levels.
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5.2 APPROACH SCHEDULE

The team determined the actions needed to complete the comparative analysis portion of the GSR
MOU, such as which agency should use which tool. A threshold task was used to cross-train EPA
and AF on their respective tools. A capacity building/tech-transfer session was planned and scoped
to coincide with actual working sessions by the team to conduct analyses and occurred according to
the schedule below:

Table 1. Study Milestone Schedule.

Date Milestone

1/5/12 First Travis AFB pilot working session

2/9 /12 GSR MOU steeting committee

2/23/12 Working session to prepare for Travis AFB pilot
2/27/12 Training on SEFA

3/5/12 AFCEC training on the SRT

3/8/12 On site Travis meeting to execute SRT & Region 9 SS on Travis Soil Remedy;
first hotwash

4/18/12 EPA Methodology webinar
5/17/12 DP039 hotwash (second hotwash) and FT005 draft report

The DP 039 and FT 005 pilot studies were conducted independently, with the technical team
sharing written results and observations after the comparisons were completed. The specifics of the
methods, results, and observations in the pilot studies are in provided in Appendices B and C for
Sites FT005 and DP039, respectively. Note that while the specific conclusions from the two pilot
studies are different because the studies were conducted at different sites with different remedy
technologies, generalizations can be drawn from the studies.

The AF and EPA were aware of the ESTCP Project Demonstration Project For Quantifying Life-Cycle
Environmental Footprints of Soil And Groundwater Remedies (ESTCP Project # Er-201127), which is
similar to the AF/EPA R9 MOU study as it compares the environmental footprint analysis tools of
SRT and the Army/Navy SiteWise tools with the LCA software SimaPro at six military service
installations nationwide, including Travis AFB. The final report is scheduled to be released in 2013.

5.3 METHOD OF COMPARATIVE ANALYSIS

The technical objective of the AF/EPA R9 MOU was completed by conducting substantive
environmental footprint comparative analyses on two actual remedial actions previously conducted
at Travis AFB. The inter-agency team conducted side-by-side analysis of the SEFA and SRT tools
on a soil excavation site and a groundwater pump and treat site. The results from SimaPro were also
used from the groundwater site. The method of comparison conducted for the soil and
groundwater sites was conceptually the same. Initially the tools were applied to a specific site by the
tool owner (EPA or AF) using their best judgment. The technical team for each study site then
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confirmed that the inputs to the tools were as similar as possible and worked together to align the
inputs to the tools as much as possible for the site. Differences in inputs were sometimes
unavoidable because of the different structure and function of the tools. The technical team then
compared the numerical results provided by the tools and attempted to determine the cause for any
differences in the results. The team used the results to complete the other objective of the MOU by
preparing a set of observations on the usability and applicability of the tools and making
recommendations to improve both SEFA and SRT and also develop best GSR practice
recommendations.

There were some differences in how the comparative analysis pilot studies were conducted at each
site. For the groundwater Site DP039, all three tools (SRT, SEFA, and SimaPro) were applied and
compared. For the soil Site FT005, only SRT and SEFA were compared. Also, for Site DP039, two
remedy technologies were evaluated, while for FT005, one remedy technology was evaluated along
with an addendum expanding that remedy. In addition, for DP039, several sensitivity studies were
conducted, whereas for FT005 no sensitivity studies were conducted.

54 OUTPUT METRICS AND INITIAL OBSERVATIONS

The SRT, SEFA, and SimaPro tools do not provide identical output metrics but they do provide the
same core set of metrics for air emissions and energy usage. However, the three tools define and
calculate those core metrics differently due to their designed purpose, and each tool provides
additional metrics beyond the core metrics. For example, SEFA calculates contributions to energy
use from electricity use, fuel consumption, materials production, and off-site activities (e.g., landfill
disposal) whereas SRT only considers energy use from electricity and fuel combustion. Beyond the
core metrics, SRT provides metrics pertaining to certain sustainability concepts (e.g., worker safety,
technology resource services). SEFA provides metrics on materials, waste, and water, and SimaPro
provides metrics regarding human health and ecological effects.

One reason for the difference in metrics in the two tools is that SEFA was designed to reflect the
core elements of EPA’s Environmental Footprinting Methodology, while SRT, which was built several
years before the Methodology was issued, was designed to reflect sustainability parameters for a
number of remedial technologies commonly used by AF for a typical environmental footprint
analysis. Other differences are that the SRT provides a metric for GHG emissions per pound of
contaminant removed, while SEFA provides metrics for renewable energy used. In determining
which tool to apply to a site for footprinting, the user should first determine which metrics would be
the most useful at the site. Table 2 identifies the output metrics/sustainability parameters produced
by each of the pilot study tools.

11
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Table 2. Metrics provided by SRT, SEFA, and SimaPro.

CO2e*

v’

N\

CcO2

CO2 per Ib of contaminant removed

NO

X

SO

X

PM

NONIN NN

HAPs

Total energy

N\

Renewable energy

NENNIN XN

Water usage (on-site)

Materials usage (on-site)

Waste generation (on-site)

NNIN NN NN NN

Technology cost

v’

Safety accident risk (accident risk, lost hours, insurance
cost)

v’

Resource service

v’

*COze above includes COz, methane and nitrous oxide for SEFA and those gases plus several

other greenhouse gases for SimaPro.

metrics available for comparison.

The metrics presented in the above table are those identified in SEFA or SRT. SimaPro has many
other metrics that were not included in this study because SEFA and SRT do not have analogous

12



AF/EPA-R9 MOU Gteen and Sustainable Remediation Strategies - Envitonmental Footprint Pilot Study

6.0 OVERVIEW OF FOOTPRINT ANALYSES SOIL SITE FT005

The technical team compared SRT and SEFA on three levels for site FT005. First, the output
metrics that are estimated by each of the tools were compared. Second, the analytic mechanisms in
each of the tools were compared. And finally, numerical outputs of the two tools were compared.
The comparison of the output metrics was relevant only for the five parameters that are common to
the two tools (CO,e, NO,, SO, PM, and total energy). After the initial assessment of site FT005, it
was clear that SEFA and SRT produced significantly different results.

The team focused on a greenhouse gas metric (CO,e), and identified the top five contributors to this
metric. SEFA identified off-site waste management and on-site diesel use as the greatest
contributors to the CO,e footprint. SRT does not include off-site waste management in its
footprint calculations, and so identified on-site diesel usage as the key contributor to the CO,
footprint at FT005. The analysis also included a detailed comparison of the second largest
contributor to the CO,e footprint, on-site diesel fuel. SRT calculated approximately 22,000 1bs CO,
(10 tons) from combustion of diesel fuel on-site and SEFA calculated 47,000 Ibs CO,e (21 tons).
Even after aligning the inputs to ensure that the input parameters used in both the models were as
similar as possible in order to produce similar intermediate calculations, there were still large
differences in the results. See Table 3 below.

Table 3. Comparison of SRT and SEFA output metrics at Travis AFB, Site FT005

Metrics SRT SEFA
CO,e 660 tons
CO, 170 tons
NO, 2,000 Ibs. 8,000 Ibs.
SO, 2 Ibs. 2,900 Ibs.
PM 10 Ibs. 8,700 Ibs.
HAPs Not calculated 50 Ibs.
Total energy 1,704 MMBtu 8,600 MMBtu
Renewable energy Not calculated 0 MMBtu—
Water usage (on-site) Not calculated 1.06 million gallons
Materials usage (on-site) Not calculated 16,900 tons
Waste generation (on-site) Not calculated 21,300 tons
Energy cost $43,000 Not calculated
Technology cost $1,400,000 Not calculated
Safety accident risk (accident risk, lost hours, | 2.95 hours lost
insoance cost) ( ’ " 0,061 injury risk Not caleulated

Net Gain

Resoutce setvice Economic $6,000 Not calculated

Ecologic $6.800
13
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The differences in emissions of CO,e, NO_, SO, and PM, and the difference in total energy, are due
in large part to the exclusion of off-site waste management and off-site laboratory analysis from
SRT, and the inclusion of these activities in SEFA. In addition, SEFA considers the life cycle of the
diesel fuel, including crude oil extraction and processing in a refinery. SRT considers only the
combustion of the diesel fuel. This difference in representing the footprint associated with diesel
use is the primary reason why the calculated SOx emissions are so different for the two tools.

The FT005 technical report (Appendix B) provides a full and detailed breakdown of the GHG
contributions from individual field activities performed at the Site FT005. Figure 1 below shows
that the primary contributors to GHG emissions are on-site diesel usage and the management of the
excavated soils at an off-site landfill. This type of chart is not automatically produced by SRT or
SEFA, but may be created by the user through access to intermediate calculations and results.

Greenhouse Gases (tons)
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Figure 1. Greenhouse gas contributions from Site FT005 individual field activities. Chart produced
from the SEFA evaluations.
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7.0 OVERVIEW OF GROUNDWATER SITE DP039 FOOTPRINT
ANALYSES

To complement the comparative analysis of a soil excavation remedy, footprint analyses were
prepared for the following two groundwater remedial alternatives at Travis AFB Site DP039:

e Alternative 1: Pump and treat system for 30 years

e Alternative 2: Phytoremediation, bioreactor, biobarrier injection wells, MNA of a down
gradient portion of the plume

For each alternative, the following steps were involved in the approach to compare footprint tools:

e Obtain the input information used for SRT and SimaPro
e Input the same information into SEFA

e Compare the SRT, SimaPro, and SEFA results.

Where feasible, input for the three tools was made as similar as practical so that differences in the
results could be attributed to differences in model calculations rather than differences in user input
assumptions.

Tables 4 and 5 below provide the results for environmental footprint metrics for Alternatives 1 and
2. Output from the various tools has been converted into common units to facilitate comparison.
Using SEFA as an arbitrary benchmark, results that differ from the SEFA results are highlighted
accordingly:

e White — Different by a factor of less than 1.2

e Yellow — Different by a factor of 1.2 to 2

e Orange — Different by a factor of 2 to 10

e Red — Different by a factor of 10 or more

Table 4. Comparison of calculated footprint metrics for Site DP039, Alternative 1

Metric Unit SRT SEFA SimaPro
Total Energy Used MMBtu 20,000 23,200 20,700
Total NOx Emissions Ibs. 15,400 3,560 2,860
Total SOx Emissions Ibs. 28,000 12,600 15,300
Total PM Emissions bs. I 9 136
Total HAP Emissions Ibs. N/A 256 340
Total GHG Emissions tons 1,310 918 1,010
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The NOx, SOx, and PM emission values for SRT are much higher than the values calculated by the
other tools. The SRT was applied using default electricity conversion factors, which is a nationwide
average. By contrast, SEFA and SimaPro used the 2005 CAMX regional energy mix from eGRID,
which is representative of the generation mix for a large portion of California. The CAMX mix has
a higher percentage of natural gas and renewable energy use and lower coal use than a national
average. The energy footprints for SRT and SimaPro are similar because SimaPro considers energy
losses due to electricity transmission and distribution, like SEFA, but does not account for energy
associated with hydroelectric power. For example, it is not accounting for the hydroelectric power
offsets, the added energy associated with the transmission and distribution losses. This comparison
of electricity among the three tools is unique to this site and the specific fuel blend used to generate
grid electricity. A comparison at a different site would likely yield significantly different results.

Table 5. Comparison of calculated footprint metrics for Site DP039, Alternative 2

Metric Unit SRT SEFA SimaPro
Total Energy Used MMBtu 3,860 2,950
Total NOx Emissions Ibs. 3,310 5,370
Total SOx Emissions Ibs. 947 755
Total PM Emissions Ibs. 192 56.7
Total HAP Emissions Ibs. N/A 2 _
Total GHG Emissions tons 621 805 126

The Alternative 2 remedy, as analyzed by the tools, involves substantial use of bioremediation
substrate (i.e., emulsified vegetable oil). Therefore, many of the differences in Table 5 can be
attributed to how the tools convert this substrate into footprint metrics.

Table 6 presents the ranking of the top contributors to various calculated footprint metrics for each
of the tools applied to DP039 Alternative 2. Note that the materials, waste, and water metrics are
not included because they are not calculated by SRT and SimaPro. A similar table is not provided
for Alternative 1 because electricity is the only main contributor.

Table 6. Comparison of footprint contribution ranking for DP039, Alternative 2

Rank SRT SEFA SimaPro
Energy
1 Personnel transport Substrate Substrate
2 Drill rig Drill rig Gravel/mulch backfill
3 PVC for wells Bioreactor excavation Drill rig
4 Bioreactor excavation Soil disposal Soil disposal
5 PVC for wells PVC for wells
6 Personnel transport Personnel transport
7 Substrate transport Substrate transport
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8 Gravel/mulch backfill Water
9 Solar energy Bioreactor excavation
GHG Emissions

1 Substrate Substrate Substrate

2 Personnel transport Drill rig Gravel/mulch backfill

3 Drill rig Bioreactor excavation Drill rig

4 PVC for wells Soil disposal PVC for wells

5 Excavator Personnel transport Soil disposal

6 PVC for wells Personnel transport

7 Water Substrate transport

8 Substrate transport Bioreactor excavation

9 Gravel/mulch backfill Water
“Substrate” = emmulsified vegetable oil or comparable bioremediation electron donor applied to the bioreactor and biobarrier

remedy components

“Drill rig” = fuel use associated with installing bioreactor excavation refers to excavator and dump truck use
“Bioreactor excavation” = fuel use for excavator and dump truck use to excavate and backfil] bioreactor
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8.0 COMBINED PILOT STUDY RESULTS

8.1 NUMERICAL RESULTS

The numerical results from the SRT and SEFA differed substantially at each of the study sites. For
DP039, the numerical results among the three tools differed by a factor of 10 for some footprinting
metrics. No tool consistently produced the highest or lowest result for given metric, and the tool
showing the highest result depended on which remedy technology was being evaluated. For FT005,
the numerical results between the two tools differed by three orders of magnitude for some
footprint metrics. In addition, for each site, the tools identified key contributors to the footprint in
somewhat different orders of importance. For both DP039 and FT005, the differences in numerical
results were attributed to differing inputs to the tools, different scope of analysis and analytic
assumptions within the tools, and different conversion factors used in the tools. There are
significant differences in how each tool ranks the various contributions to a footprint. In addition,
SRT includes fewer potential contributors. For example, for the DP039 Alternative 2 remedy, SRT
only included four or five footprint contributors, whereas SEFA and SimaPro included up to nine
footprint contributors.

8.2 COMPARISON WITH EPA FOOTPRINTING METHODOLOGY

Application of all the tools for this study did not necessarily follow the EPA Methodology due to
several simplifying assumptions, demonstrating that use of a particular tool does not guarantee
adherence to the Methodology. SRT and SimaPro were developed before the EPA Methodology was
developed and for purposes other than compliance with the methodology. As would be expected,
SEFA (an EPA footprinting tool) substantially conforms to EPA’s Foozprinting Methodology. SRT
differs from the Methodology in that it does not include several of the metrics recommended, and its
scope of analysis is somewhat more limited than that of the Mezhodolsgy. SRT and SimaPro do not
include features to assist with calculating the materials, waste, and water footprints described in the
Methodology, but these calculations could be conducted outside of SRT or SimaPro by a user-prepared
spreadsheet. SimaPro differs from the Methodology in that it may have a broader scope of analysis.
Finally, neither SRT nor SimaPro distinguishes between on-site and off-site emissions in the
presentation of results, as recommended in the Mezhodology.

Structural features of SRT and SimaPro present additional challenges when using these tools to
implement the Methodology. For example, neither tool can straightforwardly calculate the on-site
NOx+S8Ox+PM footprint described in the Methodology. In addition, SRT does not calculate energy
use, NOx, SOx, or PM emissions associated with several significant contributors to these emissions,
which prevents SRT from calculating the total energy used or total NOx+SOx+PM footprints as
described in the Methodolegy. SRT also does not calculate the on-site or total HAPs footprints.
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8.3 OBSERVATIONS ON TOOL CHARACTERISTICS, USES AND STRENGTHS

To complete the second portion of the MOU, the inter-agency team used the results of the
comparative analysis pilot studies to assess the characteristics and identify the strengths in order to
facilitate the best use of the different tools. The team found that each tool has different
characteristics that align with their initial development. The SRT is designed to model specific
technologies and situations and requires less effort in inputting site data, while SEFA is designed to
be flexible, to accommodate any remedy technology and site configuration. Consequently, SEFA
typically requires more user effort in inputting site data. SimaPro requires significantly more user
effort regarding input because it is not designed specifically for environmental remediation
applications, and there are many user input choices that challenge a typical environmental
professional. A set of observations on the structure and function of the three tools is provided in
Table 7, General comparison of SRT, SEFA and SimaPro tools, along with observed strengths and
weakness of each tool. The full set of observations and the method of the comparisons for DP039
and FT005 can be found in Appendices B and C.

Table 7. General comparison of SRT, SEFA and SimaPro tools

SRT SEFA SimaPro
Quick learning curve (less than Intermediate learning curve Long learning curve (more
one day). (approximately one day). than one week).
User-friendly interface not Requires familiarity with Excel =~ User interface requires
requiring familiarity with Excel worksheets. knowledge of specific
worksheets. software.
Once user is familiar with Once user is familiar with SEFA,| Once the user is familiar with
SRT, can complete may take longer to complete SimaPro will take substantially
footprinting at each site more footprinting at each site longer to complete
quickly than SEFA. compared with SRT, depending | footprinting than SRT or

on the level of detail sought in SEFA.
the analysis.

Remediation technology-based Remediation activity-based tool; Manufacturing sector tool that

tool pre-configured with eight “blank slate” for any remedy is adaptable and can be applied

common technologies. technology. to any remedy technology.

Cannot easily be applied to Flexibility allows for more Flexibility allows for more

technologies not already aspects of a complicated remedy | aspects of a complicated

present in the tool. to be analyzed. remedy to be analyzed.

Focuses on soil and Can be applied to any medium. = Can be applied to any medium.

groundwater media.

Requires basic understanding ~ Requires more detailed Requires more detailed

of site-specific parameters. understanding of site-specific understanding of site-specific
parameters. parameters.

User’s Guide details all the No User’s Guide. Equations can = User’s guide and tutorial

equations used and be viewed in the worksheet cells = provides basic understanding

assumptions made. and some assumptions are of tool application.

documented in notes in the
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SRT

Many assumptions are made
within the tool; user makes few
assumptions explicitly.

Many of the default
assumptions can be over-
ridden.

Conversion factors are
provided for a limited number
of clean-up parameters.

Does not allow for addition of
conversion factots.

Designed to compare multiple
remedies, but a single remedy
can be modeled.

Graphs and charts are not
included in SRT’s outputs but
can be developed by the user
with additional effort as
needed.

Provides output in the form of
numerical metrics as two
worksheets (one for soil and
the other groundwater media)
in the same spreadsheet file.

SEFA
worksheets.

Few assumptions are made
within the tool; user makes most
of the assumptions explicitly.

Default assumptions can be
over-ridden.

Conversion factors are provided
for a limited number of clean-up
parameters, but for more
parameters than SRT.

Ability to add conversion factors
for clean-up parameters not
already included in tool.
Designed to model a single
remedy, but multiple remedies
can be compared.

Graphs and charts are not
included in SEFA’s outputs, but
can be developed by the user
with additional effort and time.

Provides output in the form of
numerical metrics in a single
spreadsheet conforming with

EPA’s Methodology with additional

spreadsheets providing access to
intermediate results/calculations.

SimaPro

Few assumptions are made
within the tool; user makes
most of the assumptions
explicitly.

Default assumptions can be
over-ridden.

Conversion factors are
provided for a wide variety of
materials and processes in
multiple libraries. Selecting an
appropriate material or process
to model the remedial
component can be challenging
due to the number of options
available. Conversion factors
are not available for all
materials and processes used in
remediation.

Ability to add conversion
factors for any user-defined
material, process, or service.
Designed to model a single
remedy, but multiple remedies
can be compared.

Graphs and charts are not
included in SimaPro output,
but some metrics considered
in this study require data
extraction and processing prior
to graphing.

Provides output in a visual
tree-like format supplemented
by extensive data tables that
can be exported into
spreadsheet/ database format
with many user options for
further interpreting and
characterizing those outputs.
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SRT SEFA SimaPro
Focuses on on-site equipment Considers on-site equipment use, Materials and processes used
use, transportation, electricity  electricity, transportation, off-site in SimaPro are by default
usage, and manufacturing of a manufacturing of materials, and = considered from the raw

limited number of materials off-site services that directly materials stage to final

used in the remedy. On-site  support the remedy. Outputis  processing and use on a global

and off-site footprints are organized into the following scale. Disposal options can be

reported as one combined categories: (1) on-site, (2) added to represent the end-of-

number for each metric. electricity generation, (3) life footprint of the materials
transportation, and (4) other, and processes.

including items such as materials
manufacturing, landfill disposal
and other supporting services,
and processing of fuels in
refineries.

While the purpose of this MOU was not to evaluate the accuracy of each footprinting tool, the team
concluded that confidence in the results affects their strength and applicability for use. Increasing
confidence in the results would require further evaluation of the potential footprint conversion
factors available for use, the reasons for differences in the conversion factors, and the most
appropriate conversion factors to use. The differences between SEFA and SimaPro could likely be
attributed to the following few items:

e Fuel use input assumptions associated with dump truck use
e Footprint conversion factors for in-situ bioremediation substrate

e Footprint conversion factors for soil disposal (e.g., landfill activities).

Of the three tools, SRT requires the least effort to learn, and once learned would likely take the least
time to complete the analysis. SEFA takes somewhat more effort to learn, and once learned likely
would take longer than SRT complete. Finally, SimaPro requires intensive training and experience
to execute propetrly, and once learned would take longer than SEFA to complete. It is likely that
SRT could be executed by a project manager at his/her site without special training, which was most
likely a goal in the development of SRT. SEFA could also be executed by a project manager, but
only after approximately four hours of training or exploration by someone familiar with
spreadsheets. More likely, experienced support staff or contractors would execute SEFA and
provide the results to the project manager. Finally, it seems unlikely that SimaPro would be used by
a project manager. In addition to a very long learning curve, expertise in the techniques of LCA is
needed to execute SimaPro properly and interpret the results.

All three tools can be applied at any stage of the remediation process. Choosing one of the tools

over the other will likely not depend on the stage of the cleanup remedy. It is more likely to depend
21
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on other considerations, such as the level of detail desired, the amount of time and effort to be

invested, and the number of remedy components that the tool is expected to represent.

Based on these results, the team concluded it is not appropriate to identify any footprinting tool as

the best one at this time. However, on a site specific basis, a user can use the observations

contained in this report to select the best tool for their situation. In determining which tool would

be the most appropriate, the user should first determine which strengths would be the most

advantageous to the situation at hand, and which weaknesses are irrelevant or can be accommodated

in other ways. See Table 8 for a summary of the pros and cons of the three tools.

SRT maybe best applied...

To site conditions and remedy
technologies found in SRT (see
list below)

When access to intermediate
calculations is not needed

When metrics specific to SRT
are of interest

Key considerations are worker
safety and technology cost

Where time and resource
constraints do not allow an in-
depth analysis

Table 8. Using SRT and SEFA

SEFA maybe best applied...

To site conditions and remedy
technologies of any type

When access to intermediate
calculations is advantageous

When metrics specific to SEFA
are of interest

EPA/AF MOU identified

metrics: for RE, Water, Materials

Management

Key considerations are (1) off site
waste management, (2) significant

diesel consumption, (3) offsite
laboratory services

Energy use is key component of

remedy
Where time and resources are
sufficient to allow an in-depth
analysis

SimaPro may be best
applied...

To site conditions and remedy
technologies of any type, and
where materials/ processes
beyond those available in SRT
and SEFA are of interest
When enough resources are
available to construct the
project within the tool in a
manner that provides any
detailed output that is desired
When a list of metrics beyond
those in SRT or SEFA is of
interest

Energy use is key component
of the remedy

Where time and resources are
sufficient to allow an in-depth
analysis.
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9.0 RECOMMENDATIONS/PROPOSED STRATEGY

This study has resulted in two major strategic recommendations:

1. Optimize the Life Cycle Analyses Approach
2. Incorporate GSR Best Practices.

This section provides specific details on the incorporation of these recommendations into the
analysis of environmental footprints.

9.1 OPTIMIZE THE LIFE CYCLE ANALYSES APPROACH

To optimize the use of Life Cycle Analyses Approaches or environmental footprinting as warranted by
site conditions, the inter-agency team recommends a strategy that encompasses three specific areas:

1. Information Sharing: Inform RPMs of the AF/EPA R9 MOU and the results of this
study.

2. Process Efficiencies: Develop a process for efficient development, review and comment,

and regulatory approval to support timely remedial decision making.

3. Tool Improvement: Promote updates and improvements to SRT and SEFA per the
specific recommendations in this report.

9.1.1 INFORMATION SHARING

Inform RPMs through technology transfer of the results of this study and the AF/EPA R9 MOU
including recommendations and advice for using SRT, SEFA, and SimaPro, and for consistency
with the EPA Methodology.

¢ Build more capacity with AF and EPA personnel and contractors to perform GSR footprint
analyses through education and technology transfer using training materials developed under
this pilot. AF and EPA SMEs are also available to support this technology transfer effort.
This information can then be shared with other federal and state project managers.

e FEducate users (particularly AF, EPA, and state RPMs) about the differences and strengths of
SRT, SEFA and SimaPro, so they can use the best footprint tool for their site and use the
results with confidence.

e Incorporate GSR in the scope of work for the AF PBC and EPA Remedial Oversight
Contracts, as possible.

9.1.2 PROCESS EFFICIENCIES

Develop a process for efficient development, review, and comment of footprint analyses and in the
context of remedial decision making and remedy implementation.
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e Any GSR footprint analysis should begin with base level program managers’ consideration
of the intent and objective of the GSR remedy in context of the CERCLA objectives. The
managers should discuss the value, goals, and scope of the footprint analysis itself, as well as
what metrics are needed, and weigh these considerations against the time and resources
available. It may be possible to optimize current practices by applying best management
practices to reduce the environmental impact or footprint of a remedial action.

e If a GSR footprint analysis is conducted, the responsible party should document the
rationale used as to which footprint tool is used. Additionally the responsible party should
anticipate that the EPA will expect the analysis to conform to the EPA Methodology. The
Methodology seeks to provide a standard approach for conducting environmental footprint
analyses at cleanup sites. Currently, EPA considers conducting footprint analyses at cleanup
sites to be optional. If a footprint analysis is conducted at a site in an EPA cleanup program,
however, EPA prefers that the tool adhere to the Mezhodology, which establishes footprinting
metrics to be quantified, the scope of the analysis, a process for conducting and
documenting the analysis, and an approach for organizing and interpreting the results.

These four key aspects are described briefly below.

1. Footprinting Metrics: 'The Methodology establishes approximately 15 metrics for
quantification. These metrics are provided in Tables 2 and 3 of this report, and are
associated with EPA’s core elements of greener cleanups: materials and waste, water,
energy, and air and atmosphere. The parameters of greatest importance depend on
the site-specific conditions and site stakeholder priorities.

2. Scope of the Analysis: 'The Methodology establishes a scope for the footprint analysis.
The analysis should include activities at the cleanup site, along with transportation of
personnel, materials, waste, and equipment to and from the site. In addition, the
analysis should include off-site support activities such as electricity generation,
manufacturing of materials, management of waste, treatment of wastewater, and
running laboratory analyses.

3. Conducting and Documenting the Analysis: The Methodology recommends a process for
conducting the footprint analysis. This process includes gathering site and remedy
information, screening the information to exclude minor contributors, and applying
footprint conversion factors. The Methodology also emphasizes the importance of
documenting the inputs to the analysis, and documenting the screening process and
key assumptions made during the analysis. It also recommends that the calculations
made during the analysis be “transparent” so that reviewers are able to access and
understand the footprint analysis.

4. Organizing and Interpreting the Results: The Methodology recommends a process for
organizing and interpreting the results. For example, in organizing the results, it
recommends distinguishing between on-site and off-site emissions for some metrics;
distinguishing between conventional and renewable energy sources; distinguishing
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among water resources; reporting the proportion of recycled materials used; and
reporting the proportion of waste that is reused or recycled. These approaches for
organizing the results are expected to assist the user in identifying opportunities and
documenting improvements to reduce the footprint from the cleanup. In addition,
in interpreting the results, the Mezhodology does not emphasize any one core element
or any single metric above others, nor does it combine metrics for a “single score.”
Instead, it recommends balancing the metrics against each other, in light of site
specifics such as local community, limited resources, and policy considerations.

The following considerations are offered to help balance the time and effort of regulatory review
and approval.

e GSR offers potential to optimize a remediation and should be pursued, however there is no
regulatory requirement to implement GSR practices, to assess the environmental footprint of
remedial actions, or to achieve a GSR or footprint metric.

e Footprint tools to quantify GSR metrics or expected improvements are conducted based on
the best information available and address key stakeholders concerns.

e The remedy selection and implementation should follow the existing Superfund
requirements and the NCP nine criteria analysis. A GSR environmental footprinting
evaluation should inform and enhance remedial decisions.

e A GSR footprint analysis should address the EPA Mezhodology (see key elements summarized
above). Other guidelines such as ASTM standards, ITRC framework and the National
Optimization Plan may also be consulted.

e GSR/GR recommendations should focus on the biggest contributors to the metrics of
greatest importance at the site.

e The follow up to a GSR evaluation, such as best management practices, should add value
and not hinder the overall cleanup process and milestones.

e When a GSR evaluation is done post remedy implementation for base-lining or other
program needs, additional follow up actions should not be required.

e As much as practicable, all components of the project should be considered in a GSR
analysis and not just one phase or a single milestone in the overall remediation process. In
addition, the GSR analysis should consider as many aspects as possible of the life cycle of
the remedy activities, such as off-site production of remedy materials and off-site disposal of
wastes from the remedy. Where possible, emphasis should be on evaluation of
environmental metrics; with sufficient data, sustainable elements of social and economic best
management practices should be considered.

e All things being equal, if two remedies give the same level of protection, the remedy that
incorporates the best management practices with better environmental benefits and/or
reduced environmental footprint should be considered for implementation. GSR
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9.1.3

evaluations should enhance the remedial process and not replace the approved cleanup

decisions. In other words, remedy decisions cannot be solely based on GSR results.

Regulators support timely consensus or an “agree to disagree” conclusion should be reached.

TOOL IMPROVEMENTS

Both SRT and SEFA can benefit from revision and update to improve its functionality. Some of the

identified improvements are structural in nature, and others are related to ease of use of the tools.

These recommendations arise from the application of SRT and SEFA at the Travis sites. Other

improvements may be identified at other sites and other remedy technologies and from other studies

including the EPAR9/Department of the Navy environmental footprinting pilot and the ESTCP

Life Cycle Analysis Demonstration Project.

Structural

Ease of Use

Table 9. General Recommendations for SRT and SEFA Improvements

SRT

Include additional off-site activities

Allow over-riding of default conversion factors

Include support equipment for on-site
construction activities

Add water usage to the footprinting metrics
Add HAPs emissions to the footprinting
metrics

For consistency, provide calculation for energy,
NOx, SOx, and PM for all materials and
activities or none of the materials and activities

Provide access to intermediate calculations and

results including various footprint contributions

Make the formula tool bar visible

To improve usability, additional fields of input
should be added so that the user can include
the use of additional materials or activities in a
particular remedy module

Add fields to include user-defined materials and

associated conversion factors

SEFA

In the intermediate calculation sheets, report
total NOx, SOx, and PM separately for each
remedy component and for the remedy as a
whole

In addition to allowing the user to provide
user-defined vehicle types, add additional pre-
defined types of vehicles for personnel
transportation and allow the user to modify
the fuel usage for each type

Prepare a user manual or tutorial to inform
the user how to use various features,
including overriding default conversion
factors for fuel combustion

To improve usability, a post-processor should
be provided to help compile some of the
intermediate calculations and prepare charts

Add more lines to the input table for Off-Site
Laboratory Analysis

Add a notes column to the input sheets for
materials, waste, and water
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92 STRATEGY TO INCORPORATE GSR BEST PRACTICES
To support the expanded (and voluntary) use of GSR practices at AF installations, the inter-agency
team recommends the following two-part strategy:

1. Build on current EPA and AF best practices

2. Leverage other federal GSR initiatives.
This two pronged approach will capture the most useful practices available and promote consensus
throughout the largest stakeholders.
9.2.1 BUILD ON CURRENT EPA AND AF BEST PRACTICES
Build on the current EPA GR and AF GSR initiatives and best management practices available or in
pilot demonstration (see examples below). As part of these efforts, conduct technology transfer
focused on federal facilities. Suggested topics include the AF CleanSWEEP—Clean Solar and Wind
Energy in Environmental Programs—when finalized and the EPA Best Practices for Siting Solar PV on
Landfill. EPA GR resources are available at www.cluin.org/greenremediation and include Special
Issues Primers, Technical Bulletins, Case Studies, Project Profiles, Vendor Support and BMP fact
sheets for common cleanup approaches. The fact sheets published to date address the following
topics:

e Excavation and Surface Restoration

e Site Investigation

e Pump and Treat Technologies

e Bioremediation

e Soil Vapor Extraction & Air Sparging

e C(Clean Fuel & Emission Technologies for Site Cleanup

e Integrating Renewable Energy into Site Cleanup

e Sites with Leaking Underground Storage Tank Systems

e Landfill Cover Systems & Energy Production

e Mining Sites

e Implementing In Situ Thermal Technologies

e Overview of EPA's Methodology to Address the Environmental Footprint of Site Cleanup

There are a number of Air Force GSR initiatives underway. One of the most notable and visible AF
environmental clean-up projects using renewable energy is underway at the Massachusetts Military
Reservation. Three 1.5 megawatt wind turbines provide 100 percent of the power needed to clean
more than 12 million gallons of groundwater a day. The Air Force is also using solar-powered
remediation systems at 13 other sites across the nation, which will produce at least 4.7 kilowatts
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when fully functional. Most of the projects are smaller-scale or pilot projects and many of these
sites having non-permanent solar arrays that are removed after completion of the study.

One of the pilot projects showing promise is a solar-powered recirculation system treating ground
water contamination at Air Force Plant PJKS, Systems and Components Area, in Colorado. The
former AF property is now owned by Lockheed Martin. The site was originally the testing ground
for the Titan missile, and as the original owner, AF is responsible for the clean-up. The clean-up
technology is demonstrating an effective use of a renewable energy source and turning out better
than expected GSR results. The clean-up performance of this system will be evaluated for at least
another year, but could move to full-scale remedy if results continue to be favorable.

CleanSWEEP assesses the potential to switch from non-renewable energy to renewable energy to
power remediation systems. It also evaluates the potential of using renewable energy based on a

site's location away from the power grid.

Information on these efforts can be found at the following website:
http:/ /www.afcee.af.mil/resources/technologytransfer/programsandinitiatives /sustainableremediation/

9.2.2 LEVERAGE OTHER FEDERAL GSR INITIATIVES

Other federal GSR initiatives can be leveraged for best practices, particularly the Federal
Remediation Technologies Roundtable (FRTR) and the ITRC in a phased approach to implement
and document GSR practices.

Federal Agencies and Interagency Forums

e The FRTR promotes interagency cooperation to advance the use of innovative technologies
to clean up hazardous waste contamination. Members include the DoD, AF, U.S. Army
U.S. Navy, U.S. Department of Energy , U.S. Department of the Interior, EPA, and the
National Aeronautics and Space Administration. The FRTR works toward a more
consistent and unified federal approach to technology evaluation and regulatory acceptance,
and uses a variety of technology transfer tools and other information resources. The FRTR
has worked on a number of decision support tools for hazardous waste cleanup, and has
formed a GSR subgroup that is compiling GSR best management practices and existing
federal policies for GSR/GR.

e GSR Approaches can be included into the AF standardized Environmental Management
System.

e Final ESTCP Life Cycle Analysis report can include additional considerations for the use of
SRT and SimaPro.

e US ARMY study report Evaluation of Consideration and Incorporation of GSR Practices can be used
to propagate the use of GSR Approaches.

State Associations and Forums
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e ITRC’s GSR team and guidance document, entitled Green and Sustainable Remediation: A
Practical Framework is a good resource. ITRC is a state-led organization that brings together a
diverse mix of environmental experts and stakeholders from both the public and private
sectors to broaden and deepen technical knowledge and streamline documents, provide
training courses and maximize the resources for implementation of innovative technologies
and processes. The GSR team has been developing guidance and overview documents and
presenting training sessions through the internet and at various conferences.

e Association of State and Territorial Solid Waste Management Officials (ASTSWMO) has a
good network of state regulatory officials who are engaged in developing position papers,
documents and other resources.

e Individual state programs such as Minnesota, California, New Jersey, and Wisconsin all have
solid GSR programs developed for implementation in their states. AF and EPA can take
advantage of their network to help propagate the GSR MOU objectives and application of
SRT and SEFA in the implementation in those states.

Other Forums and Associations
e ASTM International (formerly American Society for Testing and Materials) has two work
groups working on standard guides on Greener Cleanups and Sustainable Cleanups
documents respectively. These documents: Standard Guide for Greener Cleanups (ASTM
E2893-13) and Standard Guide for Integrating Sustainable Objectives into Cleanup (ASTM E2876-13)
have been finalized and are available for public use.

e Sustainable Remediation Forum (SuRF) is an industry led organization that promotes the use

of sustainable practices during remedial action activities with the objective of balancing
economic viability, conservation of natural resources and biodiversity, and enhancement of
quality of life in surrounding communities. They work with several sustainable remediation
groups worldwide and published numerous documents on topics related to sustainable
remediation.

The team recommends working with these above groups in educating and training within the
regions and states, whenever possible, and encourages moving forward with application of GSR and
tools as needed.
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