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ABSTRACT
During the summer of 2014, DOE Fellow Natalia Duque was given the opportunity to
intern with the Office of Environmental Management (EM) at DOE Headquarters in
downtown Washington D.C. Natalia’s supervisor was Mr. Albes Gaona, lead
sustainability specialist at the Office of Deactivation and Decommissioning and Facility
Engineering (D&D/FE) (EM-13). The office’s mission is to provide integration, planning
and analysis for all EM D&D/FE including sustainability projects to ensure that these
activities are completed efficiently and effectively, reducing significant risks and life
cycle schedules and costs in the D&D program. The office also provides technical
direction and/or assistance to resolve difficult technical problems associated with D&D.
During the internship, Natalia had the opportunity to work on different tasks that included
further investigation of Green and Sustainable Remediation practices and tools; the
development of a Sustainable Remediation Technologies Catalog; the development of the
DOE’s Sustainable Remediation Powerpedia page; and a literature review for Savannah
River Site (SRS) A/M Area groundwater remediation system.
The analysis of the SRS A/M Area groundwater remediation system is the first step to
develop an action plan to incorporate sustainability aspects into the project to improve
overall performance, contaminant recovery, as well as a reduction in energy consumption
to help lessen the environmental burden of the current treatment system.
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ACRONYMS AND ABBREVIATIONS
AMSL
CBAZ
CBUC
CBLC
CBMS
DNAPL
DOE
DUS
D&D
EM
EPA
GCCZ
GRS
GW
ITRC
LCA
LLAZ
LLLAZ
MAAZ
MNA
O&M
PCE
SCDHEC
SR
SRS
SVE
TCE
ULLAZ

Above Mean Sea Level
Crouch Branch Aquifer Zone
Crouch Branch Upper Clay
Crouch Branch Lower Clay
Crouch Branch Middle Sand
Dense Non-Aqueous Phase Liquid
Department of Energy
Dynamic Underground Stripping
Deactivation and Decommissioning
Environmental Management
Environmental Protection Agency
Green Clay Confining Zone
Green and Sustainable Remediation
Groundwater
Interstate Technology and Regulatory Council
Life Cycle Assessment
Lost Lake Aquifer Zone
Lower Lost Lake Aquifer Zone
M-Area Aquifer Zone
Monitored Natural Attenuation
Operation and Maintenance
Tetrachloroethylene
South Carolina Department of Health & Environmental Control
Sustainable Remediation
Savannah River Site
Soil Vapor Extraction
Trichloroethylene
Upper Lost Lake Aquifer Zone
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1. INTRODUCTION
Sustainable remediation, also known as Green and Sustainable Remediation (GSR), is a
relatively new concept, in which the main purpose is to achieve environmental cleanup in
the safest and cleanest way possible, aiming for net environmental, social, and
economical benefits. Traditionally, the main objective of remediation practices has been
to protect human health and the environment, and technologies have been selected
according to cost, efficacy, technical practicability, and regulatory acceptance, but the
effect of such technologies on the environment are usually not considered. Some of the
remedial actions that have been implemented consist of energy-intensive systems that
release harmful emissions to the air, consume natural resources, and sometimes have
negative impacts on local communities. During the past decade, there has been an
increased interest in the use of sustainable remediation practices by the industry; this is
partly due to information that suggests that the global climate change can be correlated
with fossil fuel use and greenhouse gases release to the atmosphere.
The Department of Energy (DOE) Office of Environmental Management’s (EM’s)
mission is the safe and successful cleanup of sites that were associated with nuclear
materials and weapons production during the Cold War. The Office of Deactivation &
Decommissioning and Facility Engineering (D&D/FE) (EM-13) provides information,
planning and analysis for all EM D&D/FE activities including sustainability projects to
ensure that the cleanup activities are completed efficiently and effectively, reducing the
environmental, social and economic impacts associated with such activities.
The purpose of this document, in addition to report the work accomplished during the
summer 2014 internship at DOE EM-13, is to provide a brief description of sustainable
remediation practices. Definition, benefits, and application of SR are explained, as well
as metrics and tools used for analysis, and the organization and regulatory drivers of
sustainable practices. A technology catalog developed during the internship is also
included in Appendix B, where some remediation methods that are considered
sustainable are discussed.
A preliminary analysis of the groundwater remediation system at Savannah River Site’s
A/M Area is also included. This analysis will be further used to assist EM and ARC-FIU
in the development of a set of actions to improve the overall performance of the system
by including sustainable remediation concepts.
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2. EXECUTIVE SUMMARY
This research work has been supported by the DOE-FIU Science & Technology
Workforce Initiative, an innovative program developed by the US Department of
Energy’s Environmental Management (DOE-EM) and Florida International University’s
Applied Research Center (FIU-ARC). During the summer of 2014, a DOE Fellow intern,
Natalia Duque, spent 10 weeks doing a summer internship at DOE Environmental
Management Headquarters in downtown Washington, DC under the supervision and
guidance of Mr. Albes Gaona, lead sustainability specialist at the Office of Deactivation
and Decommissioning and Facility Engineering (EM-13). The intern’s project was
initiated on June 2, 2014, and continued through August 8, 2014. The internship’s scope
consisted of several interrelated tasks associated with sustainable remediation. The first
task was to continue the investigation of tools and approaches used for remediation
analysis. The second and third tasks were to help EM in the development of the
sustainability and sustainable remediation Powerpedia pages, and the development of the
final version of the Sustainable Remediation Technologies Catalog. The fourth and final
task was to assist EM and ARC-FIU in the development of a set of actions to improve the
overall system performance of the SRS A/M Area groundwater remediation system.

2
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3. RESEARCH DESCRIPTION
Sustainable Remediation
Definition

“Sustainable Remediation”, also known as “Green and Sustainable Remediation” or
GSR, in a broad sense is a holistic approach to environmental remediation that takes into
account the environmental, social, and economic effects of such remediation and tries to
achieve a balance between these effects to attain an overall environmental, social, and
economic net benefit.
Even though most of the organizations and federal agencies that are practicing the
sustainable remediation concept agree on the previous (or similar) broad definition, no
single, definite definition exists yet. Interstate Technology and Regulatory Council’s
(ITRC’s) definition for GSR is one of the most cited, stating that:
“[GSR] is a remedy or combination of remedies whose net benefit to
human health and the environment is maximized through the judicious
use of resources and the selection of remedies that consider how the
community, global society, and the environment would benefit, or be
adversely affected by, remedial investigation and corrective actions.”
(ITRC, May 2011)
The Sustainable Remediation Forum (SURF) goes further in its White Paper - Integrating
Sustainable Principles, Practices, and Metrics Into Remediation Projects (SURF, 2009)-,
stating that the various applications of the tern sustainable have resulted in numerous and
inconsistent definitions, which has led to confusion. SURF also indicates that lawmakers
and regulators are likely to resist the incorporation of this concept into legal authority.
Therefore, a constant, uniform definition of sustainable remediation is most needed.
Environmental, Social, and Economic Benefits

When assessing the benefits of implementing sustainable remediation, the environmental
benefits are the most noticeable. This may be because the actual driver for the
development of such a concept was the fact that historical remediation practices have
been implemented using energy-intensive remediation systems paying little to no
attention to the detrimental effects of such practices on the environment.
Sustainable remediation practices aim for the use of energy-efficient systems that reduce
the use of fossil fuels, as well as the release of carbon dioxide into the atmosphere. Such
practices not only decrease the carbon footprint of the remediation, but also bring
economic and social advantages. Economic benefits may come from the use of renewable
sources of energy, job creation, and increased real estate values (The Horinko Group,
February 2014). The minimization of material extraction and overall operation and
maintenance (O&M) costs are also economic benefits associated with sustainable
remediation. Social benefits include the improvement of health conditions, the possibility
3
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of land reuse for recreational facilities, and the integration of stakeholders into the
decision-making process. APPENDIX A of this report includes a table developed by
SURF where detailed benefits of SR are shown.
Application

The different stages of a typical site remediation include: (1) Investigation; (2) Remedy
evaluation and selection; (3) Remedy design; (4) Remedy construction; (5) Operation,
maintenance, and monitoring; (6) Remedy optimization; and (7) Closeout. Sustainable
remediation may be applied at any stage of the remediation process. However, best
results are seen when applied from the investigation stage.
Three levels of analysis and application of sustainable remediation exist (ITRC 2,
November 2011) that can be applied depending on site complexity, purpose, budget, and
time available. Levels go from the application of simple best management practices
(BMPs) to a more complex and detailed evaluation in the following manner:
Level 1: Best Management Practices
This level of evaluation consists mainly of a series of common sense decisions that
promote resource conservation and remediation efficiency. No quantitative analysis takes
place at this level. Level 1 analysis is the easiest and less expensive approach.
Level 2: BMPs + Simple Evaluation
This level of analysis is considered semi-quantitative because basic calculations take
place.
Level 3: BMPs + Advanced Evaluation
This level is considered the more complex because it requires special tools designed to
calculate detailed quantities such as CO2 emissions and water use. Level 3 is considered
more expensive and requires a higher level of experience.
Metrics

One of the most important and decisive aspects of sustainable remediation is the selection
of the appropriate metrics to evaluate. A metric is defined as a system or standard of
measurement. When applied to sustainable remediation, metrics are indicators that
measure the benefit or damage caused by implementing a particular remediation method.
There is a lack of consensus between the different agencies and organizations presently
involved in the remediation industry and no commonly accepted set of metrics currently
exists to measure the effects of implementing SR procedures,. Nonetheless, several
organizations have developed their own guidelines of key metrics. NAVFAC (Naval
Facilities Engineering Command) has developed a set of eight quantifiable and
qualitative metrics, taking as a reference the core element of sustainability developed by
the U.S. EPA and outlined in the Green Remediation Technology Primer: air, water, land
and ecosystems, materials and waste, energy, and stewardship. The set of metrics
developed by NAVFAC are:

4
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Energy Consumption
Greenhouse gas (GHG) Emissions
Criteria Pollutant Emissions
Water Impacts
Ecological Impacts
Resource Consumption
Worker Safety
Community Impacts

Similarly, ITRC published a more comprehensive compilation of sustainability metrics in
its Green and Sustainable Remediation: State of Science and Practice report, here each
metric is identified with the applicable sustainability element it analyses (environmental,
economic, and/or social), as well as a proposed unit of measure (if applicable), and a
description of the metric.
Tools

Several tools are available to help in the remediation decision-making process and can be
selected depending on the level of analysis and application. Before selecting a tool for
analysis, it is important to consider site-specific characteristics and metrics to analyze,
budget available, desired level of analysis, and type of remediation technologies to be
used. Some tools require a higher level of detail, thus more data needs to be available.
Following are some of the most used tools:
Level 1: for this level of analysis, tools available are usually guidance documents for the
selection of appropriate BMPs that are useful for the remediation technology’s footprint
reduction. The following organizations have developed numerous such documents:





ASTM
EPA
SURF
USACE

Level 2: for this level of implementation, they consist of simple, qualitative in nature
tools that do not require any specific training or understanding of advanced mathematical
calculations. They are usually used to compare impacts of different remediation
technologies where the result is typically a score or a ranking place.


Green Remediation Evaluation Matrix (GREM): can be used to compare
treatment alternatives in terms of their impact on different metrics

Level 3: at this level, tools are more advanced, quantitative in nature, and usually require
previous training. As the detail of analysis is more complex, these tools require more data
and site-specific detail acquisition.

5
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Carbon footprint calculators: tools used to calculate the reduction in GHG
emissions associated with some decision or change in activity.
o Waste Reduction Model (WARM): calculates GHG emissions associated
with various waste management practices, including source reduction,
recycling, composting, combustion, and landfilling.
Remedy Footprint: quantify the environmental, social, and economic impacts of
environmental remediation activities.
o SRT: a Microsoft Excel–based tool that includes a series of modules to
estimate green and sustainable impacts of eight commonly used
technologies for soil and groundwater remediation. SRT is not currently
available.
o SiteWiseTM: assesses the remedy footprint of a remedial
alternative/technology in terms of a consistent set of metrics.
Life Cycle Analysis (LCA): used to comprehensively analyze a site and can be
used for projects that are more complex in nature. LCA evaluates a systems
throughout its life cycle.
o SimaPro: can be used to calculate carbon footprint and other
environmental impacts and identify key areas needing improvement.
o GaBi Software®: offers functionality similar to SimaPro.
o Economic Input-Output Life Cycle Assessment (EIO-LCA): estimates the
materials and energy resources required, and the environmental emissions
resulting from activities.
Net Environmental Benefit Analysis (NEBA): examine alternatives for remediating
ecologically sensitive sites, especially sites that have been contaminated with
petroleum products.

Regulations

Regulations provide support for sustainable remediation practices and are often cited as a
reason to implement such efforts. The following regulations are applicable to SR:


Executive Order 13514 - Federal Leadership in Environmental, Energy, and
Economic Performance: This EO sets sustainability goals for Federal agencies
and focuses on making improvements in their environmental, energy, and
economic performance.



Executive Order 13423 - Strengthening Federal Environmental, Energy, and
Transportation Management: This EO requires Federal agencies to lead by
example in advancing the nation’s energy security and environmental
performance by achieving energy efficiency, reduction of GHG emissions,
purchasing of renewable power, higher building performance, reduction of water
consumption, among others.



DOE Order 436.1 – Departmental Sustainability: Requires that sustainability
principles are integrated into DOE’s Strategic Sustainability Performance Plans
(SSPPs)

6

FIU-ARC-2014-800000394-04c-081

Sustainable Remediation

Organizations and Information Portals

The following organizations and portals provide useful information and guidance on how
to incorporate sustainable remediation practices:


Sustainable Remediation Forum (SURF): SURF is the first coalition dedicated
specifically to sustainable remediation. It started in 2006 with a group of
professionals that came together to contribute to this purpose



EPA’s Contaminated Site Clean-Up Information Web Site (CLU-IN): provides
information about innovative treatment and site characterization technologies



Interstate Technology Regulatory Council (ITRC): ITRC develops information
resources and produces documents and training to expand technical knowledge in
order to reduce compliance costs and maximize cleanup efficacy



Federal Remediation Technologies Roundtable (FRTR): the FRTR works to
build a collaborative atmosphere among Federal agencies involved in hazardous
waste site cleanup



ASTM International: ASTM is an international standards organization that
develops and publishes voluntary consensus technical standards for a wide range
of materials, products, systems, and services. ASTM recently developed two
standard guides on sustainability

Guidance Documents

The following documents have been developed by federal and private agencies to provide
information and guidance on the proper implementation of sustainable remediation:


Sustainable Remediation Forum (SURF) White Paper – Integrating
Sustainable Principles, Practices, and Metrics into Remediation Projects
(SURF, 2009)
 Green and Sustainable Remediation: State of the Science and Practice (ITRC,
May 2011)
 Green and Sustainable Remediation: A Practical Framework (ITRC 2,
November 2011)
 Green Remediation: Incorporating Sustainable Environmental Practices into
Remediation of Contaminated Sites (EPA, April 2008)
The Rise and Future of Green and Sustainable Remediation (The Horinko Group,
February 2014)

7

FIU-ARC-2014-800000394-04c-081

Sustainable Remediation

4. RESULTS AND ANALYSIS
Sustainable Remediation Technologies Catalog
The Department of Energy (DOE) Office of Environmental Management’s (EM’s)
mission is the safe and successful cleanup of sites that were associated with nuclear
materials and weapons production during the Cold War. The Office of Deactivation &
Decommissioning and Facility Engineering (D&D/FE) (EM-13) provides information,
planning and analysis for all EM D&D/FE activities including sustainability projects to
ensure that the cleanup activities are completed efficiently and effectively, reducing the
environmental, social and economic impacts associated with such activities.
Traditionally, the main objective of remediation practices has been to protect human
health and the environment. Remediation technologies have been selected according to
cost, efficacy, technical practicability, and regulatory acceptance without necessarily
considering the detrimental effects of such technologies on the environment, or their
external social and economic effects.
The Sustainable Remediation Techniques & Technologies Catalog has been created to
serve as a reference guide when selecting the appropriate action plan during
environmental remediation activities. The techniques and technologies mentioned in the
catalog have been considered to bring environmental, social, and/or economic benefits
compared to other remediation methods. Some of the technologies are well known and
have been repeatedly employed, and some are still in the pilot study stage.
All of the techniques and technologies mentioned are in-situ remediation methods.
Treating contamination at the site does not require the extra energy consumption, cost,
and resource use associated with the excavation and transportation of ex-situ remediation
practices.
Biological, physical, and chemical techniques have been addressed. Biological processes
are often implemented at low cost. Contaminants can be destroyed, and often little to no
residual treatment is required; however, the process requires more time, and it is
challenging to determine whether contaminants have been destroyed. Physical and
chemical methods use the physical properties of the contaminants or the contaminated
medium to destroy, separate, or contain the contamination; they are typically costeffective and are usually not engineering or energy intensive.
The processes addressed in this catalog do not represent all the technologies available in
the remediation industry and is only meant as a reference. Sustainable practices are
becoming more important every day, and constant efforts are being applied to the
development of new technologies.
The catalog has been included in Appendix B.

8

FIU-ARC-2014-800000394-04c-081

Sustainable Remediation

Powerpedia
Powerpedia is a DOE internal wiki established in early 2010 to help facilitate knowledge
capture, collaboration, and increased efficiency. During the internship, one of the tasks
was to help EM in the development of the “Sustainability at EM” and “Sustainable
Remediation” Powerpedia pages. The content included in the wiki for “Sustainable
Remediation” has been discussed in the “Research Description” section above. Following
is the content added for “Sustainability at EM”:
Sustainability at EM

Sustainability is the ability to maintain an activity for a long time. In the context of DOE
Environmental Management Office, sustainability is related to the consideration of an
activity's present and future implications on the environment, the society, and the
economy, trying to achieve the correct balance that yields net benefits in all aspects.

Sustainability is about striking the appropriate balance between Social, Economic and
Environmental priorities. (Source: iSustainable.org)
Background

The Department of Energy has worked diligently to manage its operations and facilities
in a sustainable manner and tries to lead by example integrating sustainability into all
aspects of its operations. At EM, sustainability is recognized as an organizational goal at
the highest level of the office's management. To Execute the EM Mission in a Sustainable
Manner is one of the goals in the EM FY 2014 Annual Performance Agreement.
Strategies to meet this goal include:




Reduce energy intensity in agency buildings
Identify means of reducing the overall EM carbon footprint
9
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Utilize the Department’s Energy Saving Performance Contract (if viable) or
alternative data center optimization practices to reduce the Information Technology
(IT) data center’s infrastructure footprint while providing state of the art services
Identify activities that promote climate change adaptation and mitigation
Work with local jurisdictions, as appropriate, to develop regional partnerships for
climate change information sharing and collaboration

Structure and Coordination

The Office of Deactivation and Decomissioning (EM-13) provides integration, planning,
and analysis for all EM D&D/FE including sustainability projects. The office coordinates
EM's sustainability and energy management and efficiency related initiatives, and
develops guidance and provides support on sustainability management and activities. The
director of D&D and Facility Engineering (EM-13) is the primary interface with the
Sustainability Performance Office and field sustainability point of contacts.
EM-13 staff participates in the EM Sustainability Working Group monthly conference
call, and also hosts a Fleet Working Group. The Sustainable Remediation Workgroup
provides assistance to the field in promoting and implementing sustainable remediation.
The SR Workgroup consists of representatives from EM HQ, the EM Consolidated
Business Center, site representatives, and DOE’s Office of Health, Safety, and
Security (HSS). Additionally, EM regularly interfaces and works with the SPO, HSS, the
Office of Management, and other DOE PSOs to promote sustainability and to benefit
from other program’s efforts and developments.
Sustainability is considered throughout the EM program, which includes the mission
areas of site restoration (soils and groundwater and D&D), tank waste/nuclear materials
management, and waste management; as well as the mission support areas comprised of
safety, security, and quality; acquisition and project management; program planning and
budgeting; Green IT; and human capital and corporate services. EM has, and will
continue to integrate formal sustainability goals into EM's management practices
recognizing that this will require sustained culture change, education, measurement, and
support from top leadership.
Strategic Sustainability Performance Plans and EM Goal Performance Overview

On October 5, 2009 President Obama signed Executive Order 13514 that focuses on
Federal Leadership in Environmental, Energy, and Economic Performance. The EO
called for all federal agencies to implement a Strategic Sustainability Performance Plan
(SSPP) where the agency activities, policies, plans, and procedures towards the
implementation of the EO are identified. The specific goals, schedules, milestones, and
approaches for achieving the results are also outlined.
As a response to this and other EO (Executive Order 13423), DOE developed DOE Order
436.1 Departmental Sustainability that ensures the Department carries out its mission in a
sustainable manner; implements a cultural change within DOE to include sustainability
and GHG reductions into all DOE corporate management decisions; and ensures DOE

10
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achieves the sustainability goals established in its Strategic Sustainability Performance
Plan (SSPP). The Sustainability Performance Office (SPO) has taken over the
responsibility of producing the DOE SSPP each year.
Strategic Sustainability Performance Plan Goals

SSPP
Goal #

FY 2013 Status
(relative to baseline,
if applicable)

DOE Goal

Risk of Goal
NonAttainment*

GOAL 1: Greenhouse Gas Reduction and Comprehensive Greenhouse Gas Inventory
1.1
1.2

28% Scope 1 & 2 GHG reduction by FY 2020 relative to FY 2008
baseline
13% Scope 3 GHG reduction by FY 2020 relative to FY 2008 :
baseline

-54.8%

Goal met

-27.5%

Goal met

GOAL r2 Buildings, Peesident’s Pr h
formance Contractinglo
n C allenge, a d Regional & L cal P anning
2.1
2.2

2.3

2.4

2.5

2.6
2.7

30% energy intensity (Btu per gross square foot) reduction by FY
2015 relative to FY 2003 baseline
Energy Independence and Security Act, Section 432 energy and
water evaluations (status as of January 2014)
Individual buildings metered for 90% of electricity (by October 1,
2012); for 90% of steam, natural gas, and chilled water (by
1
October 1, 2015)
Cool roofs, unless uneconomical, for roof replacements unless
project already has CD-2 approval. New roofs must have thermal
2
resistance of at least R-30
15% of existing buildings greater than 5,000 gross square feet
(GSF) are compliant with the Guiding Principles (GPs) of High
Performance Sustainable Buildings (HPSB) (or equivalencies) by
3
FY 2015
All new construction, major renovations, and alterations of
3
buildings greater than 5,000 GSF must comply with the GPs
Implement alternatively financed projects to support the
President's Performance Contracting Challenge

-42.0%
87.7%

Goal met
Low

Electricity: 16.3% ;
Water: 0.0%;
Steam: NA;
Natural Gas: 0.0% ;
Chilled Water: NA

High

429,661 sq ft

Low

0.4%

High

Insufficient data, selfreport as applicable

High

$0

NA

124.9%

Low

+40.6%

Medium

139.0%

Goal met

GOAL 3: Fleet Management
3.1
3.2
3.3

159% increase in fleet alternative fuel consumption by FY 2015
relative to FY 2005 baseline
30% reduction in fleet petroleum consumption by FY 2020
relative to FY 2005 baseline
100% of light duty vehicle purchases must consist of alternative
fuel vehicles (AFV) by FY 2015 and thereafter (75% FY 2000 4
2015)

.
Per NECPA (42 US .C eh
2Section 85 3) t e t rm “buildings” includes industrial, process, or laboratory
a
fc ilities
Secretary of Energy Dr. Steven Chu, Installation of Cool Roofs on Department of Energy Buildings, Memorandum for Heads of
Departmental Elements, June 1, 2010.
3
DOE considers buildings meeting the following criteria as complying with GPs: Any building that achieves LEED-EB Silver or
higher or LEED-NC Gold or higher; Any building that achieves a Green Globes-NC rating of four or a Green Globes CIEB rating of
three; Any building that has been occupied for more than one year that achieves Living Status designation by the Living Building
Challenge.
4
EPAct 1992 goal updated per Presidential Memorandum on Federal Fleet Performance on May 24, 2011.
http://www.whitehouse.gov/the-press-office/2011/05/24/presidential-memorandum-federal-fleet-performance
1
2
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DOE Goal

FY 2013 Status
(relative to baseline,
if applicable)

Risk of Goal
NonAttainment*

-26.3%

Goal met

-72.3%

Goal met

44.8%

Low

15.9%

Medium

GOAL 4: Water Use Efficiency and Management
4.1
4.2

26% potable water intensity (Gal per gross square foot) reduction
by FY 2020 relative to FY 2007 baseline
20% water consumption (Gal) reduction of industrial,
landscaping, and agricultural (ILA) water by FY 2020 relative to FY
2010 baseline

GOAL 5: Pollution Prevention and Waste Reduction
5.1
5.2

Divert at least 50% of non-hazardous solid waste, excluding
construction and demolition debris, by FY 2015
Divert at least 50% of construction and demolition materials and
debris by FY 2015

GOAL 6: Sustainable Acquisition
6.1

Ensure 95% of new contract actions contain sustainable
acquisition clauses, as applicable

97.4%

Goal met

6.2

Ensure new contract actions contain biobased clauses, as
applicable; striving towards 95% compliance

Insufficient data, selfreport as applicable

Medium

GOAL 7: Electronic Stewardship and Data Centers
Data Center
consolidation ESPC on
hold; sites encouraged
to use DOEGRIT energy
efficiency assessment
tool
Data Center
consolidation ESPC on
hold; sites encouraged
to use DOEGRIT energy
efficiency assessment
tool

7.1

All data centers are metered to measure a monthly Power
Utilization Effectiveness (PUE) of 100% by FY 2015

7.2

Maximum annual weighted average PUE of 1.4 by FY 2015

7.3

Electronic Stewardship - 100% of eligible PCs, laptops, and
monitors with power management actively implemented and in
use by FY 2012

98.8%

Low

7.4

Ensure applicable IT contracts include clauses for EPEAT, ENERGY
STAR, or FEMP-designated products

99.6%*

Low

32.8%

Goal met

Medium

Medium

GOAL 8: Renewable Energy
8.1

7.5% of annual electricity consumption from renewable sources
by FY 2013 and thereafter

GOAL 9: Climate Change Adaptation
9.1

5

Identify one priority facility, location, or region that would most
5
benefit from a detailed climate vulnerability assessment pilot

In progress

Low

DOE Climate Change Adaptation Plan: http://www1.eere.energy.gov/sustainability/pdfs/doe_sspp_2012.pdf

Figure 1. EM 2013 Goal Performance Overview table. (Source: EM 2014 Composite Sustainability
Plan)
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Figure 2. 2013 Sustainability Goals Performance Overview poster. (Source: EM 2014 Composite
Sustainability Plan)

FY 2013 SSPP addresses the following goals for each of the Departments:
GOAL 1: Greenhouse Gas Reduction and Comprehensive Greenhouse Gas Inventory
GOAL 2: Buildings, ESPC Initiative Schedule, and Regional & Local Planning
GOAL 3: Fleet Management
GOAL 4: Water Use Efficiency and Management
GOAL 5: Pollution Prevention and Waste Reduction
GOAL 6: Sustainable Acquisition
GOAL 7: Electronic Stewardship and Data Centers
GOAL 8: Renewable Energy
GOAL 9: Climate Change Adaptation
13
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EM 2013 Goal Performance Overview

The summary table above shows the EM 2013 Goal Performance Overview. Some of the
actions taken by EM and the accomplishments of such actions are as follows:












The Scope 1&2 GHG Emissions (Goal 1.1) were reduced 54.8% (479,671 MTCO2e)
in FY 2013 from the FY 2008 baseline. This reduction was driven primarily by
decreased emissions associated with purchased coal and electricity, and REC
purchases.
The Scope 3 GHG Emissions (Goal 1.2) were reduced 27.5% (38,837.3 MTCO2e)
from the baseline. This was primarily driven by reductions associated with employee
commuting (22,902.4 MTCO2e), business air and ground travel (4,271.4 MTCO2e),
and savings realized through lower T&D losses associated with reduced purchased
electricity (6,433.5 MTCO2e).
Energy Intensity (Goal 2.1) 42% reduction from the baseline at EM complex was
largely driven by the SRS biomass cogeneration plant. In FY 2013, SRS reduced
energy intensity by 72.8% from the baseline due to the biomass plant and other
efforts. Portsmouth and Hanford are EM’s next largest energy consumers. Hanford
reduced energy intensity by 35.2% from the baseline, while Portsmouth increased
energy intensity by 19.6% in part due to a 26.3% decrease in goal subject square
footage, hence, although the energy usage at Portsmouth was decreased but a higher
footage reduction caused the energy intensity increase.
Renewable electricity use (Goal 8.1) increased 32.8% by approximately 22% on-site
renewable electricity use, 10.7% REC purchases, and 0.2% purchased renewable
electricity.
Alternative fuel consumption (Goal 3.1) increased by 124.9% relative to the FY 2005
baseline. Hanford increased alternative fuel use by 1621.2%, or 187,440 GGE,
relative to the FY 2005 baseline. Fleet petroleum consumption (Goal 3.2) increased
40.6% (526,189 gasoline gallon equivalent (GGE)) relative to the baseline. SRS
reduced petroleum use by 18.1% (58,727 GGE) between FY 2012 and FY 2013.
Approximate 99% of eligible personal computers, laptops, and monitors have power
management controls actively implemented and in use (Goal 7).

Award Winning Projects

In 2013, EM was the winner of five sustainability awards that recognize individual and
group sustainability efforts across the DOE sites. All these projects, in conjunction to all
of EM efforts, cut carbon emissions, lowered energy use, diverted construction and
demolition debris, allowed for more efficient fleets, and provided overall cost savings.
The individual awards for Exceptional Service/Sustainability Champion were given
to David Wolfe, Sustainability Program manager at SRS; and Chuck Oldham, IT
infrastructure manager at URS | CH2M Oak Ridge. Wolfe received the award for his
work on helping the site exceed its goals to expand renewable energy and reduce
greenhouse gas emissions and energy intensity through the implementation of various
Energy Savings Performance Contracts. Oldham contributed to Oak Ridge’s success by
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purchasing energy friendly electronics products, recycling, and reducing power and
cooling needs by consolidating a datacenter.
The awards for group sustainability efforts were given to Portsmouth, Oak Ridge,
and Savannah River sites. The Portsmouth site achieved a 29-percent reduction in
greenhouse gas emissions in fiscal year 2012 by creating a culture of energy saving and
sustainability now incorporated into how the site performs daily activities. The Oak
Ridge Environmental Management System program promotes opportunities to minimize
waste, energy use, and greenhouse gases. The program also makes environmentally
preferable purchases and finds opportunities to divert waste. The SRS green fleet
management program supports sustainability goals by using alternative fuels and
reducing petroleum use. Approximately 77 percent of vehicles in the light duty fleet,
which includes vehicles that transport employees, use an ethanol fuel blend or are
gasoline hybrids. SRS reduced its fleet petroleum use by approximately 19 percent and is
on track to meet the overall goal requirement of 30 percent by fiscal year 2020.

Figure 3. EM Sustainability Award Winners poster. (Source: EM 2014 Composite Sustainability Plan)
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SRS A/M Area Groundwater Remediation System
The Savannah River Site (SRS) is a 310 square mile complex that borders the Savannah
River and is located in South Carolina. From the early 1950s to the early 1980s, SRS
produced materials used in the production of nuclear weapons. Some of the facilities used
for the manufacture of reactor fuel and target assemblies, administrative services, and
laboratories are located in the A/M Area in the northern portion of the SRS. Some of the
wastewater from the manufacturing operations containing various heavy metals and
chlorinated degreasing solvents such as trichloroethylene (TCE) and tetrachloroethylene
(PCE) flowed into Lost Lake and the M Area Settling Basin. Some of these contaminants
were captured by the soil or evaporated; the remainder of the solvents seeped into the
vadose zone and contaminated the groundwater.
In 1983, SRS started the A/M Area groundwater cleanup system by installing a
groundwater pumping well and an experimental air stripper system. In 1985, a full-scale
pump-and-treat system that consisted of eleven groundwater recovery wells and a 420gpm air stripper was constructed. The M-1 air stripper and well network has operated
continuously since that time at an average electrical load of 150 kW, representing an
average of 1,314,000 kW-hr of electricity consumption per year. The TCE concentration
has decreased exponentially from 25,000 µg/L in 1986 to 2,230 µg/L in 2012. The
system TCE removal effectiveness decreased from 33,231 lbs of TCE removed during
the first year of operation to only 2,092 lbs of TCE removed during 2011 with the same
energy consumption and water pumping rate.
The purpose of this analysis and the consequent investigation is to develop an action plan
to incorporate sustainability into the remediation system that bring improvements in
system performance, contaminant recovery, and a decrease in resource consumption in
order to lessen the environmental burden of the current treatment system.
A/M Area Characterization

The 350-acre A/M area is located within the northwestern portion of the Savannah River
Site (SRS) as seen in Figure 4. The topographic elevation ranges from approximately 375
ft above mean sea level (AMSL) in the M Area to approximately 15 ft AMSL around the
lower reaches of Tims Branch.
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Figure 4. A/M Area location (Bergren, 2011).

The generalized hydrostratigraphy in the A/M Area shown in Figure 5 consists of
aquifers of the Floridian-Midville Aquifer System, where the aquifers and the confining
units are comprised of layers of sands, silts, and clays.
1. The M-Area Aquifer Zone (MAAZ);
2. The Green Clay Confining Zone (GCCZ) that outcrops along Tims Branch;
3. The Lost Lake Aquifer Zone (LLAZ), which is generally divided into the Upper
Lost Lake Aquifer Zone (ULLAZ) and the Lower Lost Lake Aquifer Zone;
4. The Crouch Branch Upper Clay (CBUC);
5. And the Crouch Branch confining unit that is made up by the Crouch Branch
Middle Sand (CBMS), the Crouch Branch Lower Clay (CBLC), and the Crouch
Branch Aquifer Zone (CBAZ).
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Figure 5. Modeled hydrostratigraphic layers.

Contaminant Source Description

The A/M Area consists of facilities that fabricated reactor fuel and target assemblies (MArea), laboratory facilities (SRTC), and administrative and support facilities (A-Area).
From the 1950’s to the 1980’s, operations from the A/M Area resulted in release of
chlorinated solvents, primarily trichloroethylene (TCE), tetrachloroethylene (PCE) and
1,1,1-trichloroethane (1,1,1-TCA) due to their use to degrease tubes used in SRS reactors.
Some of these solvents evaporated during operations. The remaining solvents (an
estimated 3.5 million lbs) were discharged to the process sewer system, and some
significant quantities were unintentionally spilled during handling and storage.
The waste effluent was piped underground to two primary locations: the A-014 Outfall
and the M-Area Settling Basin, resulting in groundwater contamination by TCE and PCE.
Approximately 1.3 million lbs of chlorinated solvents were discharged from A-014
Outfall to Tims Branch, and approximately 2.2 million lbs were sent to the M-Area
unlined Settling Basin. A natural seepage area and Lost Lake received effluent from the
basin. Discharges of waste solvents to the settling basin ceased in 1985 after the
discovery of contamination near the settling basin in 1981, and consequent operation of a
full-scale groundwater remediation system.
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The majority of the solvent contaminant present is located within the M-Area Aquifer
Zone (MAAZ), the Green Clay Confining Zone (GCCZ), and the Lost Lake Aquifer
Zone (LLAZ), as shown in Figure 6 where the Southern sector of the A/M Area is
depicted.

Figure 6. Hydrogeologic conceptual model for the southern sector of A/M Area.

A/M Area Sectors

In order to efficiently complete the remediation program in the A/M Area, the region has
been divided into four sectors: the Northern, Central, Western, and Southern Sectors.
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Figure 7. Location of Correction Action sectors. (SRNS, March 2012)
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The contamination in the Central Sector is due to the direct release of solvents to the
subsurface which migrate to the vadose zone and into the saturated zone. For the Western
Sector, the source of contamination is from migration of DNAPL from the M-Area
Settling Basin. The Southern Sector contamination is derived from advective transport
from the source zones in the Central A/M Area; and the source of contamination for the
Northern Sector is from direct release to the subsurface of small quantities of solvent
which migrate through the vadose zone and into the saturated zone.

Groundwater Remediation System

The SRS groundwater (GW) strategy focuses on protection, remediation, and monitoring
of contaminated groundwater.
Groundwater protection is accomplished through the implementation of Environmental
Protection Agency (EPA) and South Carolina Department of Health & Environmental
Control (SCDHEC) programs as well as the employment of methods to prevent future
GW contamination which include specific activities such as the removal or
immobilization of contaminant sources before they reach GW; the reduction of natural
and artificial recharge in contaminated areas with water run-on/runoff control measures;
and the continuous evaluation of wells to ensure they still serve a useful purpose.
Groundwater remediation is addressed using a graded approach. As shown in Figure 8,
the area of the plume is categorized into Source Zone, Primary Groundwater/Vadose
Zone Plume, and a Dilute Plume/Fringe, depending on the nature and mass of the source
of contamination, contaminant concentration level, and subsurface characteristics.
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Figure 8. SRS graded approach to groundwater remediation (SRNS, February 2011).

The Source Zone contains the highest concentration of contaminants. It can contain
materials such as undissolved organic liquids (oils, fuels, or solvent), strong acids or
bases, high levels of radiation, and/or toxic chemicals or elements. The Primary Plume
contains moderate levels of contamination in the aqueous or vapor phase that still
represent a hazard and a long-term risk to humans and/or the environment. The Dilute
Plume/Fringe contains low levels of contamination in large volumes of water.
The remediation technology selection for a specific area is based on its size, the
contaminant type, concentration, and plume configuration. For Source Zone treatment,
aggressive, active remediation systems are used such as in-situ chemical oxidation,
excavation of contaminated soil, dynamic underground stripping (DUS), soil vapor
extraction (SVE), and thermal technologies. For the Primary Zone, where contaminant
concentration is moderate to high, both active and enhanced-passive treatments are used
such as pump and treat, barrier walls, airlift recirculation wells, chemical oxidation
injection, and nutrient injection. The dilute fringe zone can often be treated with passive
techniques such as monitored natural attenuation (MNA), phytoremediation, and passive
or solar powered soil vapor extraction.
As the remediation progresses and contaminant concentration decreases, active systems
are replaced with passive and enhanced-passive technologies that have low energy
consumption and a smaller carbon footprint.
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Groundwater Remediation Implementation
M-Area Hazardous Waste Management Facility
Description

 Settling basin operated from 1958 to 1985, receiving wastewater that contained:
o VOCs
o Solvents used for metal degreasing
o Depleted uranium
o Other chemical constituents
 Wastewater overflowed periodically, traveling into the seepage area, and into Lost
Lake.
 M-Area HWMF is subject to RCRA regulatory process and requirements.
 Closure cap for the basin completed between 1989 and 1991.
 Currently, the facility is maintained and operated under 2003 RCRA Permit
Renewal.
 The corrective action program for the A/M Area addresses four sectors: Northern,
Central, Western, and Southern sectors. Sectors are divided based on recovery
well zones of capture (ZOCs), geography and subsurface conditions, and ongoing
actions.
Corrective Action Systems




Done by sectors.
M-Area HWMF in Central and Northern Sectors.

Metallurgical Laboratory Hazardous Waste Management Facility
Description






Met Lab HWMF is subject to RCRA regulatory process and requirements.
The process sewer line was excavated and consolidated into the Met Lab Basin.
The Met Lab Basin was closed through construction of a RCRA cap completed in
1992.
Currently, the facility is maintained and operated under 2003 RCRA Permit
Renewal.

Corrective Action Systems




Done by sectors.
Met Lab HWMF in Central Sector.

ABRP/MCB/MBP Operable Unit
Description




Separate investigations under the FFA program found surface soil, vadose zone,
and groundwater contamination.
Elevated levels of VOCs in the MAAZ and LLAZ.
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ABRP Trench used in the 1950s for disposal and burning of construction debris
and discarded solvents.
ABRP closed in 1983.
MCB received liquid chemical waste from c.1956 to c.1974.
MBP is not a source of groundwater contamination.
ABRP/MCB groundwater programs are part of the RCRA program since 2006.

Corrective Action Systems by Sectors
Central Sector Remediation




















Corrective action accomplished by pumping contaminated water using recovery
wells (RWM series) to an aboveground air stripper, M-1, where VOCs are
removed.
The M-1 Air Stripper receives contaminated groundwater from thirteen RWM
series wells (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 17B, and 17D).
Remediation system was designed to hydraulically contain and capture the high
concentration VOC plume in the LLAZ.
The M-1 Air Stripper began operations in 1985.
RWM 1 - 11 began operations in April 1985.
RWM 17B and 17D began operations in July 2000.
RWM 17D is currently not operating due to low VOC concentration and declining
water levels.
Dynamic Underground Stripping (DUS) was performed at the Solvent Storage
Tank Area (SSTA) from September 2000 to September 2001. A total of approx.
70,000 lbs of VOCs were removed.
At the MASB, a DUS operation started in August 2008, and by the end of 2011
had removed over 442,892 lbs of VOCs.
Remediation complemented with SVEU operations in the vadose zone
Six SVEU (782-3M, 782-4M, 782-5M, 782-6M, 782-7M, and 782-8M) have
operated since 1990.
SVEUs were connected to twelve vertical and/or horizontal SVE wells.
Large SVEUs have been transitioned to passive SVE wells or smaller mobile
units.
Five SVEUs (782-3M, 782-4M, 782-6M, Mobile #3 and the M-1 Catalytic
Blower unit) are currently in operating condition.
SVEUs 782-4M, 782-6M, and the M-1 Catalytic Blower unit are used at the
MASB DUS project.
SVEUs 782-3M and Mobile #3 are addressing the area near A-014 Outfall.
SVEUs 782-5M, 782-7M, and 782-8M reached active shutdown criteria and have
been removed from service (782-5M) or dismantled (782-7M, and 782-8M).
BaroBallsTM have been installed on extraction wells.
Within the Met Lab area, 19 BaroBallsTM were installed in 1998, the majority of
the contamination was removed in the first four years. From 1998 to 2011, the
Met Lab remediation system has removed approx. 300 lbs of PCE and TCE.
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Within A/M Area, vadose zone remediation accomplished through the use of
active soil vapor extraction (SVE) and innovative technologies such as dynamic
underground stripping (DUS).

Northern Sector Remediation





Corrective action accomplished by pumping contaminated water using recovery
wells (RWM series) to an aboveground air stripper, A-2, where VOCs are
removed.
The A-2 Air Stripper receives contaminated groundwater from six recovery wells
(RWM series wells: 12, 13B, 13C, 14B, 14C, 15B).
The A-2 Air Stripper began operations in 1992.

Southern Sector Remediation








In the southern sector plume, the VOC concentrations range from relatively dilute
in the farthest portion of the plume to TCE concentrations exceeding 10,000 µg/L.
The source of the plume was discharged from the A-014 Outfall.
Remediation system initiated in 1996 with twelve in situ air stripping
recirculation wells (ARWs) (SSR series: 001, 002, 003, 004, 005, 006, 007, 008,
009, 010, 011, 012) located as a “line” of ARWs south of A-014 Outfall.
The GW remediation strategy of the Southern Sector plume is composed of two
separate strategies. One strategy addresses the higher concentration in the primary
groundwater plume (PGP), located between A-014 Outfall and the ARWs line.
The second strategy addresses the dilute plume fringe area (DPFA) located
between the line of ARWs and Tims Branch.
Tims Branch is the predicted point of exposure (POE) of the dilute VOC plume.

Western Sector Remediation








Analysis of results suggests that the primary source of the TCE/PCE
contamination in the Western Sector is from the MASB and Lost Lake area.
Additional characterization in 2008 showed a high concentration VOC plume
potentially emanating from the MASB.
VOCs observed west of the MASB are outside of the lateral and vertical
boundaries of the DUS system being used at MASB.
Any proposed GW remedial action within the ABRP/MCB/MBP OU has to
consider the long-term impact of the M-Area plume due to its proximity.
Remediation system initiated in 2002 with eleven in situ air stripping recirculation
wells (ARWs) (MIS series: 001B, 002B, 003B, 004B, 005B, 006B, 007B, 008B,
009B, 010B, 011B).
Since the system has treated the contamination in the designated area, in 2011 the
ARW system was shut down and four sentinel wells would be monitored for 18 to
36 months to evaluate the system for possible permanent shutdown.

Wells Series




RWM series: Recovery wells, M-Area and Met Lab, Central and Northern
SSR series: In situ air stripping air-lift recirculation wells (ARWs), Southern
Sector
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MIS series: In situ air stripping air-lift recirculation wells (ARWs), Western
Sector
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5. CONCLUSION
Environmental remediation often uses expensive, heavy engineered systems that consume
resources and contribute to humankind’s carbon footprint. The purpose of sustainable
remediation practices is to lessen this burden on the environment and society while also
reducing the cost associated with cleanup procedures.
SR can be applied at different level depending on site complexity and needs. The first and
most important step when incorporating sustainability into a project is to use best
management practices to help in the implementation of easy, and usually cost-effective
procedures to obtain sustainable goals. Higher levels of analysis and implementation require
more data and expertise, and can convey more tangible results.
The selection of appropriate metrics is site-specific and depends on site complexity, available
budget and time, as well as existing data. Different tools for the analysis and implementation
are also available depending on the site needs.
Most of the available technologies considered sustainable are in-situ remediation methods
that treat contamination at the site and do not require the extra energy consumption, cost, and
resource use associated with the excavation and transportation of ex-situ remediation
practices.
Sustainable practices are becoming more important every day, and constant efforts are being
applied to the development of new technologies.
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APPENDIX A.
Sustainable Remediation Practices and Objectives (SURF, 2009)

29

FIU-ARC-2014-800000394-04c-081

Sustainable Remediation

30

FIU-ARC-2014-800000394-04c-081

Sustainable Remediation

APPENDIX B.
Sustainable Remediation Techniques and Technologies Catalog

Sustainable Remediation
Techniques & Technologies
Catalog
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