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EXECUTIVE SUMMARY

Sediment contamination remains a significant liability for the Department of Defense (DoD), with
overall liabilities estimated to approach $2 billion. Contaminants at DoD sites include a wide
variety of compounds such as polychlorinated biphenyls, polycyclic aromatic hydrocarbons,
various metals and metalloids, and military-unique compounds such as munitions constituents.
Most of these contaminants tend to remain in the sediment long-term, resulting in a persistent
contamination source to environmental receptors. Environmental restoration and closure of these
contaminated sites is a top priority for DoD.

Since 1996, the Strategic Environmental Research and Development Program (SERDP) and the
Environmental Security Technology Certification Program (ESTCP) (the “Programs’) have
supported research and demonstration strategies for sediment characterization, site restoration, and
long-term monitoring to support DoD restoration goals. The Programs’ investments in this area
were guided by the results of three workshops convened to examine the state of the science and
engineering and to identify and prioritize research needs. Workshops were previously held in 2004,
2008, and 2012, to identify high priority needs for research, development, field demonstrations,
and technology-transfer that would facilitate both long-term management decision making and
long-term monitoring of these sites.

As DoD sediment site management priorities are changing, the Programs identified the need to
update the strategic research investment plan. Over the next few years, the DoD programs will
emphasize achieving site closure and will be completing feasibility studies, designing and
implementing remedies, or engaging in the long-term monitoring of implemented alternatives at
sediment sites. Any new investigation work will largely be associated with identifying
recontamination sources within the local and regional watersheds, and with emerging
contaminants. However, it is not uncommon for projects moving into the remedial design stage to
discover that there are important data gaps (e.g., zones that have not been adequately
characterized). Oftentimes, pre-design investigations are required before a project can move into
the remedial action phase. In some cases, follow-on or supplementary investigation work may be
required after the remedial action stage.

SERDP and ESTCP convened a Workshop on Research and Development Needs for Long-Term
Management of Contaminated Sediments on 9-10 August 2016, in Seattle, WA. The objective of
this workshop was to summarize the state of work conducted by the Programs to date, review
where DoD facilities are in their restoration implementation, and learn directly from the Remedial
Project Managers (RPMs) what specific research, demonstration, or technology transfer needs they
have that will facilitate both restoration decision making and long-term monitoring of these sites.
To that end, the workshop (1) examined the current state of the science and technology for the
remediation and restoration of contaminated sediment sites, (2) reviewed the current and projected
future status of DoD restoration activities, (3) identified data gaps that, if addressed, could aid in
the restoration of contaminated sediments, and (4) prioritized research, demonstration and
technology transfer opportunities to help facilitate regulatory and public acceptance of restoration
of contaminated sediment sites.

Vi



Approximately 60 experts participated in the workshop that was designed to define the key issues
and the critical and high-priority needs for both research and demonstration projects. The
overarching issues that emerged from the discussions are listed in Tables 2 through 6.

vii



1.0 INTRODUCTION

The Strategic Environmental Research and Development Program (SERDP) and the
Environmental Security Technology Certification Program (ESTCP) are the Department of
Defense's (DoD) environmental research programs (herein referred to as “the Programs”),
harnessing the latest science and technology to improve DoD’s environmental performance,
reduce costs, and enhance and sustain mission capabilities. The Programs fund basic and applied
research as well as field demonstration and validation efforts. For additional information, refer to
www.serdp-estcp.org.

Sediment contamination remains a significant liability for the DoD. For example, the Navy has
500 sediment sites, with an estimated cost-to-complete of over $800M. Contaminants at these sites
include a wide variety of compounds such as polychlorinated biphenyls (PCBs), polycyclic
aromatic hydrocarbons (PAHs), various metals and metalloids, per- and polyfluorinated alkyl
substances (PFASs), and military-unique compounds such as munitions constituents. Most of these
contaminants tend to sorb and remain in the sediment long-term, resulting in a persistent
contamination source to environmental receptors. Environmental restoration and closure of these
contaminated sites is a top DoD priority.

Sound science and effective approaches that are accepted by the regulatory community are needed
to characterize, remediate, manage, and monitor these sites in a manner that reduces risks. Since
1996, SERDP and ESTCP have supported research and demonstrations for sediment
characterization, site restoration, and long-term monitoring to support DoD restoration goals. A
list of the sediment-related projects funded under the Programs is presented in Appendix A.

SERDP and ESTCP investments in this area are guided by the results of three workshops convened
to examine the state of the science and engineering and to identify and prioritize research needs.
In 2004, an Expert Panel Workshop on Research and Development Needs for the In situ
Management of Contaminated Sediments identified specific research needs. The objectives of this
first workshop have largely been achieved, with successful projects including new tools for
characterizing in-place contamination, a guidance document for monitored natural recovery
(MNR), and demonstrations of in situ amendment remedial alternatives that sequester
contaminants. In 2008, an Expert Panel Workshop on Research and Development Needs for
Understanding and Assessing the Bioavailability of Contaminants in Soils and Sediments was held
to discuss in greater detail the issue of contaminant bioavailability. Demonstrated bioavailability
tools that were developed from the direction of the 2008 workshop included the demonstration of
in situ tools for measuring bioavailability of PAHs, PCBs, and metals and relating those to uptake
and biological effects.

The most recent planning meeting occurred in a 2012 workshop, Expert Panel Workshop on
Research and Development Needs for Long-Term Management of Contaminated Sediments. The
objective of this workshop was to summarize the state of work conducted by SERDP and ESTCP
to date, review where DoD facilities are in their long-term management implementation of
contaminated sediments, and learn directly from the Remedial Project Managers (RPMs) specific
research, demonstration, or technology transfer needs that would facilitate both long-term
management decision making and long-term monitoring of these sites.




A new planning process was needed to address changing DoD sediment site management
priorities. In achieving site closure, these sites will be completing feasibility studies, designing,
and implementing remedies, or engaging in the long-term monitoring of the success of those
implemented alternatives. The Programs’ research and demonstration priorities thus will be largely
associated with issues related to identifying recontamination sources within the local and regional
watersheds, and with emerging contaminants. This report, which documents the findings and
recommendations of the workshop participants, will serve as a strategic plan to guide investments
by the Programs in the area of contaminated sediments over the next 5 years.

The overarching objective of the workshop was to identify future research, demonstration and
technology transfer needs to support DoD sediment management and restoration goals. To that
end, this workshop (1) examined the current state of the science and technology for the long-term
management of contaminated sediment sites, (2) reviewed the current and projected future status
of DoD long-term management activities, (3) identified data gaps that, if addressed, could aid in
the long-term management of contaminated sediments, and (4) prioritized research, demonstration
and technology transfer opportunities to help facilitate regulatory and public acceptance of long-
term management strategies for contaminated sediment sites.




2.0 METHOD

The SERDP and ESTCP Workshop on Research and Development Needs for Long-Term
Management of Contaminated Sediments was held on 9-10 August 2016, in Seattle, Washington.
Approximately 60 invited personnel representing DoD RPMs, federal and state regulators,
engineers, researchers, industry representatives, and consultants were in attendance. The agenda
for the Workshop is provided in Appendix B; the attendee and breakout session lists are provided
in Appendix C. A steering committee composed of representatives from the various sectors
assisted the Program in defining the meeting’s scope and format.

A list of key questions was formulated by the Program Office and steering committee with input
from some attendees. These questions, which were provided in advance to the participants, were:

e What innovative tools, methodologies or technologies could be developed to prevent
or minimize the potential of stormwater discharges from recontaminating remediated
sediment sites?

e What research and/or technology demonstrations can be done to facilitate the overlap
between cleanup actions and navigation dredging? Are there synergies in terms of
siting, design, long-term monitoring, sustainability, and public acceptance of sediment
management and/or disposal?

e Are there emerging contaminants in sediments for which additional research and/or
guidance documents may be needed to support risk assessment and remedial decisions?

e Are there new approaches and/or technologies that can be developed to support
increased confidence in sediment remedial action levels that are based on either fish
tissue values (human health consumption risks) and/or regional background
concentrations?

e Are there new tools and/or approaches to support assessment of remedy effectiveness?
This would include both short- and long-term assessment methods, metrics, and
guidance to characterize, monitor, and maintain success following remediation at
contaminated sediment sites.

The agenda (Appendix B) was designed to identify the most pressing needs in a focused manner,
while ensuring that all participants could express their views. The workshop opened with several
presentations (Appendix E) intended to summarize efforts supported to date to address research,
demonstration and technology transfer needs at sites with contaminated sediments as well as
provide insight into the status of the Service’s restoration goals.

Two breakout sessions, each with five working groups, facilitated discussions of the current state
of the science for sediment remediation, reviewed where DoD facilities are in their long-term
management implementation of contaminated sediments, and determined what specific research,
demonstration, or technology transfer needs existed that would facilitate both long-term
management decision making and long-term monitoring of these sites. In each breakout session,
participants were assigned to one of the following working groups:




e Reducing the impact of stormwater discharge on sediment recontamination

e Cleanup actions and navigation dredging

¢ Emerging contaminants of concern in sediments

e Increasing confidence in sediment cleanup levels

e Monitoring remedy effectiveness

In the first breakout session, each working group was given a list of issues and questions to
consider unique to their topic. These questions are provided in the relevant subsections in Section
3.0. For each working group, participants reviewed the data gaps and technology needs in their
assigned topic where additional research, demonstrations or technology transfer would improve
the understanding and assessment of the long-term management of contaminated sediment sites.

The second breakout session built on the first by developing prioritized research, demonstration,
and technology transfer needs and opportunities for the long-term management of contaminated
sediments. Needs were prioritized as either critical or high priority, largely based on the sequence
of events required to impact DoD sediment site decisions within 3 to 5 years after completion of
the research and/or demonstration project (Table 1).

Table 1. Definition of Research Need Prioritization

immediately to promote
technology transfer of key
concepts or technologies.

Critical High
Research Research that potentially could | Research that is of high priority but
have a significant impact on may not be able to be initiated until
cost-effective long-term critical priority research needs are
management of contaminated addressed or may be more clearly
sediments at DoD sites. defined after critical priority
research needs are addressed.
Demonstration Field demonstrations or Field demonstrations or assessments
assessments that can improve on | that are of high priority but may not
cost-effective long-term be able to be implemented until
management of contaminated critical priority demonstrations or
sediments at DoD sites. assessments are completed.
Technology Specific actions or documents Actions or documents that should be
Transfer that could be undertaken undertaken to promote technology

transfer of key concepts or
technologies once specific research
and/or demonstrations have been
completed.

The entire group participated in the final discussions of critical and high-priority research and
demonstration needs. Several of the participants contributed to sections of this report describing

specific issues and needs, and/or edited the draft versions.




3.0 RESEARCH, DEMONSTRATION, AND TECHNOLOGY TRANSFER
NEEDS

The research, demonstration, and technology transfer needs identified during the workshop are
described in the following sections. Each section corresponds to one of the five working groups
with the needs identified within that group described. The needs are organized according to critical
priority needs first, followed by high priority needs. The order does not imply any additional
prioritization.

3.1 Working Group 1: Reducing the Impact of Stormwater Discharge on
Sediment Recontamination

Stormwater discharge of contaminants remains the foremost critical challenge for protecting DoD
investments in sediment cleanup as well as in the prevention of future contaminated sediment
liabilities (SERDP & ESTCP, 2012). Stormwater control and treatment is at the nexus of this
challenge, spanning virtually every DoD coastal site, and linked to every aspect of regulatory
compliance including National Pollutant Discharge Elimination System (NPDES) permitting,
Total Maximum Daily Load (TMDL) actions, Environmental Restoration (ER) Programs, and
associated source control strategies. The ubiquitous and non-point source nature of these sources
make them difficult to effectively characterize and control while at the same time, regulatory
pressure to reduce them and cleanup adjacent water bodies is increasing.

The working group addressing stormwater issues was charged with discussing the questions listed
below, although discussions did not necessarily have to be limited to these.

e What innovative tools, methodologies, or technologies could be developed to prevent
or minimize the potential of stormwater discharges to recontaminate remediated
sediment sites?

e How well do existing stormwater regulatory programs manage impairments to
sediment quality?

e What are the approaches needed to identify potential sediment impairments from
stormwater discharge that could be used in regulatory programs?

e What are the critical components in stormwater discharges that result in impairments
to sediments? What approaches and/or technologies exist or should be developed to
address those critical components?

e What technologies could be developed, or exist and should be demonstrated, to manage
stormwater discharges that impair sediment quality? How and where would those
technologies be most effectively applied: at the point-of-release, in the settling zone(s),
or at upland sites prior to release?

e What are the approaches and/or monitoring strategies that could be used as part of the
assessment of stormwater contributions to sediment sites and/or aide in long-term
monitoring of the remedy selected?




The stormwater work group identified four research needs (two critical, two high), three
demonstration needs (two critical, one high) and one technology transfer need as shown in Table
2. These needs are further described in the identified subsections.

Table 2. Needs Identified in Working Group 1: Reducing the Impact
of Stormwater Discharge on Sediment Recontamination

Critical High
3.1.1 Improved understanding of | 3.1.5 Improved measurement &
the relationship between assessment approaches linking
stormwater release & sediment stormwater sediment load to benthic
Research recontamination or recovery' impairment
3.1.2 Development of new & 3.1.6 Development of innovative &
innovative stormwater control remotely operated stormwater discharge
practices protective of sediment | monitoring systems protective of
recontamination sediment recontamination
3.1.3 Demonstration of methods | 3.1.7 Demonstration of methods for
for the assessment of long term | enhanced flow capacity for the
performance of treatment management of stormwater discharge
Demonstration | tcchnologies . systems
3.1.1 Improved understanding of
the relationship between
stormwater release & sediment
recontamination or recovery’
3.1.4 State-of-the-Science
Technology review of stormwater discharge
Transfer & sediment recontamination at
DoD sites

Tdentified as both a research and demonstration need.

There are currently two SERDP and ESTCP projects that are evaluating tools for assessing
stormwater impacts, although there is a clear need for further investigation.

e Assessment and Management of Stormwater Impacts on Sediment Recontamination
(Dr. D. Reible, Principal Investigator (PI); SERDP Project ER-2428: https://serdp-
estcp.org/Program-Areas/Environmental-Restoration/Contaminated-Sediments/ER-
2428/ER-2428)

e Demonstration of New Tools for Improved Source and Recontamination Potential
Assessment (Dr. B. Chadwick, PI; ESTCP Project ER-201432: https://serdp-
estcp.org/Program-Areas/Environmental-Restoration/Contaminated-Sediments/ER-
201432/ER-201432)




3.1.1 Improved Understanding of the Relationship Between Stormwater Release and
Sediment Recontamination or Recovery (Critical Priority Research and
Demonstration)

Research and demonstration of tools or approaches to quantify the source and rate of change in
remediated sediment surface chemical concentrations remains a critical priority research and
demonstration need. Uncertainties still exist in defining and quantifying connections between
stormwater-associated sediment load, dissolved-phase contaminant concentrations, and
contaminant-induced benthic impairment. This need focuses specifically on the contaminant load
carried in stormwater releases to sediment recontamination or recovery.

Understanding the long-term performance of an implemented remedy requires an understanding
of the particulate load, chemical concentrations in those loads, and rates of sediment accumulation
at the remedial location. Increases on a sediment surface exceeding chemical performance criteria
would suggest remedy failure and could trigger additional remedial actions. The ability to
distinguish between chemical exceedances due to remedy failure, or due to contaminants from oft-
site sources (i.e., stormwater) are critical to site management. An equally important application of
these tools and methods would be to document the rate and accumulation of chemically-clean
particulates for sites where MNR or enhanced monitored natural recovery (EMNR) are the selected
remedy.

Demonstration needs for these monitoring and modeling approaches are the application and
extension of existing or new capabilities to remedial management decisions. The tools should
integrate with existing modeling frameworks. The types of decisions to be addressed range from
engineering stormwater controls to preventing recontamination, and/or remedial decisions for sites
that employ MNR, EMNR, capping, or active amendment additions as remedial options.

3.1.2 Development of New and Innovative Stormwater Control Practices Protective of
Sediment Recontamination (Critical Priority Research)

New and innovative approaches that improve stormwater control processes are needed to be
protective of sediment recontamination. In-storm hydraulic management that could selectively
promote or limit transport of specific chemical contaminants of concern in stormwater are of
interest. Stormwater control processes are typically based on standard specifications and designs.
Termed “best management practices (BMPs),” these designs are intended primarily to be
protective of water quality, but are not well-validated in terms of hydraulic performance,
management of particulate-bound contaminants, long term performance, or specifically with
respect to sediment contamination. To this end, it is often unclear whether the adopted BMPs are
effective at managing water and sediment quality.

Specific research of interest includes the following:

e Emerging stormwater control and treatment technologies, such as retention basins and
weather forecasting coupled with geomedia-enhanced filters that improve stormwater
management, prevent sediment recontamination and add to the existing water supply.

e Watershed modeling of new stormwater control processes that focus on sediment-
related contaminants that could provide information on the efficiency needed and the
number of systems deployed to prevent sediment recontamination and increase
stormwater harvesting.




e Improved stormwater control practices would also allow for ways to beneficially utilize
or harvest stormwater for reuse, aquifer recharge, or ecological restoration.

Benefits of this work would include linking improved control practices to reduced infrastructure
and cost for sediment quality protection compared to current practice. By preventing the
contamination of stormwater or treating stormwater, the loading of contaminants to sediments can
be more effectively managed. Such a designed system that offers the potential to manage
stormwater as a resource by harvesting, treating, and repurposing the water.

3.1.3 Demonstration of Methods for the Assessment of Long Term Performance of
Treatment Technologies (Critical Priority Demonstration)

Continued exposure to low-level sources from permitted discharges, or stormwater discharge, from

uncontrolled contaminated sites, can potentially slow or even reverse the improvements achieved

through sediment remediation. With implementation of new treatment techniques, there remains a

need to assess the long-term performance of those technologies, both at point-of-discharge and at

the sediment bed/water interface.

Demonstrated systematic method(s) to assess the long-term performance of implemented
treatment strategies, either ex situ (on point-source discharges) or in situ (e.g., placed amendments
on the receiving sediment surface) is needed. These monitoring approaches (or arrays of
approaches) would provide data on ongoing discharge and deposition loads (e.g., particulates by
size class), target contaminant loads by grain size class, and depositional zones. Ideally, these
approaches should be in situ, be able to remain in the sediment bed for long periods (e.g., 90 days),
and provide a means for uploading data without having to remove the monitoring instrument.
Sediment bed in situ assessment methods should be able to differentiate between surficial, recently
deposited sediments and deep residual, post-remedial contamination while accounting for
temporal and spatially variability.

3.1.4 State-of-the-Science Review of Stormwater Discharge and Sediment
Recontamination at DoD Sites (Critical Priority Technology Transfer)

Stormwater management is an on-going activity for the DoD. At many of these sites, the services
are being required to actively remediate contaminated sediments before source control has been
achieved. Contaminants in stormwater are one potential source of recontamination of these
remediated sites. In many cases, the links between stormwater sediment loads to recontamination
of a remediated site are not known, or are insufficiently documented. This review may be best
implemented prior to further development and investment in new stormwater control and treatment
technologies. A well-researched review would provide a detailed view of stormwater management,
collection and treatment, and identify where engineering gaps still exist.

There are a number of DoD and Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA) cleanup sites with sufficient data that could be parsed and evaluated to
document the “state-of-the-science”. This review would help focus additional work on
measurement tools, models, and potentially control measures. Four scenarios that should be
evaluated include:

e Stormwater loads that contribute directly to known sediment contamination. Examples
of this condition include the Lower Duwamish Waterway in Seattle (PCBs), Puget




Sound Naval Shipyard (PCBs, PAHs, metals), and Paleta Creek adjacent to the Naval
Base San Diego, CA (Copper, zinc, pyrethroid pesticides).

e Diffuse flow that is implicated in on-going contamination. Examples of these include
surface flow through Yosemite Creek to bay sediments at Hunters Point Naval
Shipyard (PCBs), Naval Air Station Joint Reserve Base Willow Grove, PA (PFASs) to
streams.

e Sites where a clean sediment load in stormwater is contributing to natural recovery.

e Sites where permitted contaminant discharge limits in stormwater are higher than the
cleanup levels (Joint Base Pearl Harbor-Hickam, Oahu, HI).

This case study report could be prepared as a stand-alone product, or as part of a project for
monitoring tools and/or modeling approaches.

3.1.5 Improved Measurement and Assessment Approaches Linking Stormwater

Sediment Load to Benthic Impairment (High Priority Research)
Stormwater management programs are predicated in part upon the seldom-demonstrated
assumption that particulate-associated contaminant discharges lead directly to impairments to
sediment benthic communities. Direct demonstration of benthic impairment from stormwater
discharge was identified as a high priority research need. While a subset of the linkage questions
are described above, data collection is needed to support, or refute, the premise that on-going
stormwater discharge from a regulated facility directly impacts benthic infauna and epifauna living
at the site.

Development of methods or approaches is needed to quantify contaminant influx to an actively
managed area of concern that can be directly tied to a stormwater load contribution. The types of
approaches envisioned include tracking changes to bedded sediment chemistry, toxicity, and
benthic infaunal populations to stormwater load(s). This research should also include means to
estimate TMDLs that would realistically reflect the observed changes in the receiving sediments.

3.1.6 Develop Innovative and Remotely Operated Stormwater Discharge Monitoring

Systems Protective of Sediment Recontamination (High Priority Research)
Technologies are needed that allow for real-time and remotely-operated monitoring to better
characterize and control stormwater, and to understand the impact that stormwater discharge has
on sediment recontamination. Real-time and remote monitoring of stormwater discharge is
necessary to determine overall performance and robustness during a discharge event, and to inform
design and evaluation after an action is taken. Monitoring methods currently used rely on relatively
simple composite samplers and are not linked to management of stormwater treatment systems.
Innovative approaches and technologies to capture, treat, and monitor stormwater runoff to prevent
sediment recontamination are necessary for overall improvement of sediment and water quality.
Innovative operation refers to remote sensing and advanced data-driven management with
software that may allow for low-cost and improved performance.

Research is needed on the application of emerging technologies for sensors, actuators and real-
time controls to enhance stormwater capture and treatment to prevent sediment recontamination.
Cloud computing and control systems that optimize stormwater treatment by reducing the
mobilization of particle-associated and dissolved-phase contaminants and modulating flow to




treatment devices could be demonstrated. Other technologies include the use of real-time weather
forecasting with in situ sensors to maximize capture, optimize treatment performance and
minimize particulate-bound contaminant release to the environment. These integrated monitoring
control systems should be configured to demonstrate robustness and treatment effectiveness over
time. To the extent these emerging technologies could facilitate stormwater harvesting for reuse.
aquifer recharge, or environmental restoration could also be considered.

3.1.7 Demonstration of Methods for Enhanced Flow Capacity for the Management of

Stormwater Discharge Systems (High Priority Demonstration)
Identification and demonstration of active management of stormwater flow systems are needed to
control contaminant discharge to sediments. Stormwater remains a particularly difficult water
quality management challenge because hydraulic discharge varies across orders of magnitude
during different storm events. The large variability in hydraulic loadings typically overwhelms the
capability of detention and treatment systems to improve water quality, leading to unmanaged
pollutant discharge at peak flows. This characteristic is particularly problematic for stormwater
systems implicated in benthic recontamination, as larger, hard to treat, storm events are
disproportionately responsible for loading of suspended solids that act as pollutant vectors to
benthic environments.

Hydraulic management of flow during storm events usually relies upon physical infrastructure
(e.g., detention basins, vaults, cisterns, drywells) to retain peak flows for subsequent treatment and
discharge. While options for physical infrastructure, individual sites and technologies are generally
well understood, stormwater management, which integrates detention, treatment, and discharge
capabilities at watershed scales for optimal benthic outcomes, remains a research and
demonstration priority.

To address these challenges, we seek:

e Options for active management of system detention, infiltration, evapotranspiration, or
flow capacity at watershed scales to prevent or minimize benthic recontamination
events based upon weather and hydraulic forecasting.

e Novel and innovative methodologies and integrated management approaches,
including source identification and assessment of transport potential that optimize
hydraulic capture, storage and treatment at watershed and basin scales.

e Innovative infrastructure options that provide substantial new detention or infiltration
capacity.

e Advancements in techniques to capture and reuse stormwater to supplement existing
water supplies.

3.2 Working Group 2: Cleanup Actions and Navigation Dredging

Dredging has, and remains the principal component of remedial actions at DoD sites (SERDP &
ESTCP, 2012). In addition to environmental dredging for remedial actions, the Navy dredges
approximately 300 million cubic yards annually for navigation purposes (SERDP & ESTCP,
2004). While much of that navigation-associated material is taken to open water disposal sites,
between 1% to 4% of that volume require treatment and/or disposal to upland sites (NAVFAC,
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2002). Despite the considerable advances of in situ management of contaminated sediments,
dredging and removal to upland facilities remains the principal remedial alternative for
contaminated sediment management. In addition, dredged material management and disposal
options are increasingly constrained at both remedial action sites and for navigation dredging.
Contaminated sediment cleanup projects are impinging on maintenance/construction projects
(Moore et al., 2015). Cost effective options for managing dredged contaminated and navigation
sediments are limited.

The working group addressing dredging issues was charged with discussing the questions listed
below, although discussions did not necessarily have to be limited to these.

e What research and/or technology demonstrations can be completed to facilitate the
overlap between cleanup actions performed under CERCLA and navigation dredging
performed under U.S. Army Corps of Engineers (USACE) permit authority?

e What are the opportunities and conflicts between managing contaminated cleanups in
federally authorized navigation channels and navigation dredging?

e Are there sustainable technologies (e.g., “green” dredging) for contaminated sediment
and dredged material management for which additional research, technology
demonstrations, or development of guidance documents could facilitate regulatory and
public acceptance?

e Are there disposal alternatives common to cleanup and navigation (e.g., beneficial re-
use of clean navigation-dredged sediment, confined aquatic disposal [CAD] cells,
and/or confined disposal facilities [CDFs]) for which additional research, technology
demonstrations, or development of guidance documents would facilitate regulatory and
public acceptance?

e What existing monitoring information and data has been completed on existing in situ
or ex situ sites to determine the risk associated with these sites? What long-term
monitoring strategies or new approaches could be used to increase the acceptance of
such strategies for dealing with both navigational and contaminated sediments?

The dredged sediment work group identified four research needs (two critical, two high), six
demonstration needs (four critical, two high) and one technology transfer need as shown in Table
3. Supporting technical background and research needs are defined below.
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Table 4. Needs Identified in Working Group 2: Cleanup Actions and Navigation Dredging

Critical

High

3.2.1 Development & demonstration
of new & innovative technologies
for sustainable remedial &
navigation dredging'

3.2.5 Demonstration of sustainable
dredged material disposal alternatives:
thin-layer placement of dredged
material for remediation or habitat
restoration'

Research 3.2.2 Improved methods for the 3.2.6 Demonstration of sustainable
identification, handling & disposal dredged material disposal alternatives:
of radioactive commodities in incorporation of amendments into
dredged sediments' dredged contaminated sediments for

placement at open-water disposal sites

3.2.3 Demonstration of sustainable 3.2.7 Development & demonstration
dredged material disposal an Integrated Dredged Sediment
alternatives: Confined Aquatic Management (IDSM) strategies for
Disposal & Confined Disposal remedial & navigation dredging sites
Facilities?
3.2.4 Improved methods for the 3.2.5 Demonstration of sustainable
identification, handling & disposal dredged material disposal alternatives:

) of munitions of explosive concern at | thin-layer placement of dredged mgtegial

Demonstration | ... cdial dredged sediment sites for remediation or habitat restoration
3.2.1 Development & demonstration of
new & innovative technologies for
sustainable remedial & navigation
dredging!

3.2.2 Improved methods for the
identification, handling, & disposal of
radioactive commodities in dredged
sediments’

3.2.3 Demonstration of sustainable

Technology dredged material disposal alternatives:

Transfer Confined Aquatic Disposal & Confined

Disposal Facilities?

Tdentified as both a research and demonstration need.

?Identified as both a demonstration and technology transfer need.

3.21 Development and Demonstration of New and
Sustainable Remedial and Navigation Dredging (Critical Priority Research and

Demonstration)

The development and demonstration of cost effective and sustainable dredging practices was
identified as a critical priority research and demonstration need. While there is an abundance of
scientific and engineering literature on the current state dredging practices for contaminated and/or
navigation projects (Palermo and Hays, 2014; NAVFAC, 2002; NAVFAC Dredging Web Site),

there has been very little development into sustainable dredging practices.

Innovative Technologies for
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Environmental restrictions are increasing on all dredging practices. This includes stringent release
water quality criteria, seasonal restrictions to minimize ecology impacts, pollutant emissions and
sound generation. These same environmental restrictions are reflected in the Navy’s white paper
Sustainable Sediment Remediation (NAVFAC, 2015). As remedial and navigation dredging
practices continue to come under increased scrutiny, research into new dredging methods and
equipment has not kept pace with the environmental restrictions. While some advancements have
been made in dredging equipment including the use of electronic positioning systems based on
global positioning system equipment, relatively little advancement has been made in developing
new equipment or refining existing equipment to improve dredging performance.

These specific research and demonstration needs are specific to dredging; research on the
transport, dewatering, and disposal is discussed as a separate need. Research on equipment or
operational methods that can (1) improve dredging efficiency, (2) reduce environmental impacts,
and (3) are sustainable would have significant benefits. Examples of research and demonstration
identified include, but are not limited to:

e Equipment and operational modifications to improve environmental performance
including released residuals or resuspension.

e Methods to improve accuracy and real time monitoring of dredging equipment.

e Dredge equipment using alternate fuel sources (e.g., liquid natural gas or diesel
electric), have reduced emissions and/or increased fuel efficiency.

e Methods to limit environmental impacts due to noise.

3.2.2 Improved Methods for the ldentification, Handling, and Disposal of Radioactive

Commodities in Dredged Sediments (Critical Priority Research and Demonstration)
Chemically uncontaminated sediments have been dredged during Navy construction projects that
contain small quantities of discrete radiological items. The items include dials, rope, buttons, and
gauges with glow-in-dark paint containing either Radium-226 or Strontium-90. The source of these
discrete items are historic Navy vessels that improperly discarded items in the 1940s and 1950s
from the piers and wharfs.

The presence of these limited radioactive substances has complicated and limited sediment
disposal options for both navigation and remedial projects. These specific sediments are not
volumetrically radioactive compared to material found at nuclear power plants where the
sediments are homogenously radioactive. Where radioactive commodities are suspected, the Navy
is required to conduct intensive screening of dredged materials to identify whether radioactive
materials are present. As these commodities are most commonly from radium deck dials that were
scraped from naval vessels during ship commissioning, these items that can range in size from a
tic-tac to a 50-inch piece of rope.

To facilitate management of these materials in sediments two research/demonstration topics are
presented below.

Improved methods for handling and screening dredged materials for radioactive commodities.
Screening for these commodities requires mechanical dredging, dewatering, drying, sifting,
spreading dewatered material onto uplands to dry and then scanned for radioactivity. Due to the
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manual handling, munitions must also be screened for due to safety reasons. This type of handling
has cost the Navy several millions of dollars and significantly delayed in-water projects for a small
recovery of radioactive commodities

There is a need for research and demonstration of technologies that would detect radioactivity (and
potentially munitions) while reducing the handling of dredged sediment. These technologies would
be able to segregate clean sediment (without sources/munitions) and sediments with possible
radioactive/explosive detections.

Identification of ecological and human health risks associated with de minimis levels of
radiological commodities in dredged sediments. All sediments dredged from sites where
radioactive materials (typically radium dials) are suspected must undergo rigorous screening prior
to disposal. Landfills located in California do not take any radioactive material. If their portal
detectors, detect any type of radioactivity, the sediment will be sent back to the facility and will be
recorded. If the site continues to send radioactive sediment to a landfill, the Base will be banned
from using that landfill in the future and a fine will be implemented. Dredged materials that
otherwise meet the evaluation criteria for ocean disposal (40 CFR 227), but contain small
quantities of radioactive materials also have required the rigorous and expensive screening
processes. While the U.S. is a signatory to the International Atomic Energy Agency (IAEA) 2015
Guidelines for the Application of the De Minimis Concept under Annex 9 of the London
Convention and Protocol (IAEA, 2015a) there is no corollary U.S. guidance for identifying risks
and/or de minimis quantities of radioactive materials in dredged sediments.

For ocean disposal, it must be shown that the sediment does not degrade any of the marine
environment and is de minimis in nature (IAEA, 2015b). Although several studies have been
performed on radioactive sediment and marine ecology, none have been performed on clean
sediment with discrete, de minimis radioactive items with Ra-226/Sr-90 paint. As shown above,
the savings from such open water placement can be significant.

Research, demonstration, and technology transfer projects are needed to define the risks, and
mitigation of the risks associated with these small quantities of radioactive materials in dredged
sediment. Examples of research, demonstration and technology transfer needs include the
following:

e Collection of data to define the relative ecological risks to terrestrial (landfill) and
marine organisms (CAD or Ocean Disposal).

e Development of standardized guidance for the radiological and biological evaluations
required to obtain the necessary regulatory approvals/permits for disposal.

e Development of a guidance document for ocean disposal of de minimis radiological
contamination.

3.2.3 Demonstration of Sustainable Dredged Material Disposal Alternatives: Confined
Aquatic Disposal and Confined Disposal Facilities (Critical Priority Demonstration
and Technology Transfer)

Cost effective and sustainable dredged material disposal alternatives is identified as a research and

demonstration need. The principal impediments for dredging of impacted or contaminated
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sediments are the costs associated with dewatering, translocation and disposal of contaminated
sediments at upland landfills. The intensive re-handling associated with moving contaminated
sediments to landfills results in increased project costs, fuel consumption, greenhouse gas (GHG)
emissions, noise, and direct impacts to adjacent ecological and human communities. The use of
upland landfills, themselves a limited and valuable commodity, for contaminated sediments may
not be the best use of the landfill resource. Transporting dredged sediments hundreds of miles by
rail has multiple risks and involves use of fossil fuels for transportation.

Research and demonstration needs identified by the working group include (1) technical guidance
and improved public acceptance of CAD and/or CDFs; (2) beneficial reuse of clean dredged
material for remediation (e.g., enhanced natural recovery, capping), (3) stabilization of moderate-
levels of contaminants in dredged sediments that allow for beneficial reuse (e.g., habitat creation,
nearshore fill) or potentially open-water disposal. CADs/CDFs research/demonstration needs are
presented below. Beneficial reuse of dredged navigation sediment for remedial management is
discussed in Sections 3.2.5 and 3.2.6, below

CAD and CDFs. In water or near shore disposal using CADs or CDFs offer the opportunity to
significantly reduce costs, project schedules, consumption of valuable upland landfill space and
reduce environmental impacts associated with large scale transportation of sediment to upland
facilities whilst being protective of the environment. The most significant impediment to the use
of CADs or CDFs appears to be public and political acceptance. This is often driven by a belief
that such facilities are not adequately protective, that such facilities are not a proven concept and
that if built will not be monitored or maintained.

The working group indicated that the major impediments to broader acceptance could be
ameliorated from the demonstration and validation of constructed CAD/CDFs, the long-term
monitoring results of constructed facilities, and technology transfer at a single source (e.g., web
page) on the design, implementation, and long-term monitoring of CADs and CDFs.

Specific research, demonstration and technology transfer needs include:

e Environmental monitoring at selected CAD/CDF sites to demonstrate long term
effectiveness.

e Compilation of data on existing CAD and CDF sites such as location, construction date,
construction details, contaminants in material placed, monitoring during construction,
monitoring after construction, and specific lessons learned.

e Preparation of a white paper on comparisons between CADs/CDFs to upland disposal
in terms of overall-effectiveness, environmental protection, and sustainability factors
(e.g., fuel consumption, GHG generation).

e Development of public outreach and communication materials to demonstrate
effectiveness of CAD’s/CDF’s.

e Development of a guidance document and/or a website with lessons learned and upland
testing manual for pathway evaluation and future site evaluation/design.
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3.2.4 Improved Methods for the Identification, Handling, and Disposal of Munitions of
Explosive Concern at Remedial Dredged Sediment Sites (Critical Priority
Demonstration)

A critical priority demonstration need for the DoD is to improve the methods for handling

Munitions of Explosive Concern (MEC) for sites that require remedial actions for the presence of

contaminants of concern. A detailed white paper describing the problems facing remedial

managers at Navy sites is attached to this report as Appendix D.

SERDP and ESTCP support on-going Munitions Response research for underwater environments.
Much of that work is focused specifically on the identification and mitigation of MEC in place.
ESTCP in cooperation with the U.S. Army Engineer Research and Development Center (ERDC)
undertook a review of dredging equipment modifications for the detection and removal of
ordnance, but concluded that there is not a commercial off-the-shelf technology available that
could accomplish the project objectives. A general guidance document titled Dredging in
Sediments Containing Munitions and Explosives of Concern (Whelp et al., 2008) has been
published from that project.

Research and demonstration needs identified for remedial planning and sediment remediation at
contaminated sites with MEC include the following:

e Guidance on how to incorporate presence of MEC into the remedy decision process at
CERCLA and Resource Conservation and Recovery Act (RCRA) sites.

e Research on technologies and/or engineering processes for screening MEC from
mechanically or hydraulically dredged sediments.

e Demonstration of developed MEC/unexploded ordnance (UXO) detection
technologies for volumetric delineation for dredge planning at contaminated sediment
sites.

3.2.5 Demonstration of Sustainable Dredged Material Disposal Alternatives: Thin-Layer
Placement of Dredged Material for Remediation or Habitat Restoration (High Priority
Research and Demonstration)

A vital intersection of maintenance dredging and contaminated sediment management is in the

beneficial reuse of clean navigation sediments as fill or cover over for in-water remedial site

management. Clean dredged channel maintenance sediments has been used as backfill after
contaminated sediment removal, as a cap over residual and/or surface-contaminated sediments, or
for EMNR.

The large volumes of clean sediment dredged to support commercial and recreational navigation
in the U.S. annually (>300 million cubic yards) presents opportunities to sustainably leverage
ongoing construction activities to access a source of sediments that could be used to reduce risks
at clean-up sites through a spectrum of uses, including thin-layer placement as a part of enhanced
natural recovery, backfill, residual capping, and degrees of more traditional cap designs. Thin-
layer placement of sediment (operationally defined as the placement of inches rather than feet of
sediment) has been used to accomplish several different purposes in the context of clean-up,
navigation dredging, and habitat restoration projects (https://ewn.el.erdc.dren.mil/Tools.html).

16



While thin-layer sediment placement for EMNR has increasingly been accepted as a remedial
alternative (USEPA, 2005), and is the focus of an on-going ESTCP project (ER-200827), there
still remains substantial opportunity to improve the practice. Relevant research and demonstration
targets for EMNR include:

e Short- and long-term performance of thin-layer covers of varying thickness.

e Short- and long-term performance of mixed-grain-size covers.

e Incremental capping through the placement of a succession of thin-layers over time.

e Engineering and performance of large-scale EMNR.

¢ Incorporation of habitat features and benefits as a part of placement and remedy design.

Concomitant with demonstration of the efficacy of EMNR is the need for alternative technologies
and operations to harvest and apply the clean navigation-derived sediments. Efficiency is a primary
goal of navigation dredging operations: moving as much sediment, in the shortest amount of time,
at the lowest cost. The equipment used to accomplish navigation dredging is designed and operated
to support this goal. Leveraging navigation dredging operations as a source of sediment for thin-
layer placement and/or other capping uses in the context of remediation projects would be
enhanced by the development of engineering and operational approaches, in the form of both
equipment and practices that bridge the differences between navigation and remediation projects.
For example, the equipment used in navigation dredging disposal and placement operations is not
designed or operated to achieve thin-layer placement (i.e., deposits that are inches thick).

Research and demonstrations that would facilitate the integration of navigation dredging with
remediation projects in this context could include:

e Research and demonstration of equipment to accomplish thin-layer placement in the
context of navigation dredging project requirements.

e Demonstrated modifications in operational practices to accommodate the differences
in production rates between navigation and remediation projects (e.g., the use of open-
water temporary holding areas or basins).

e Scientific and engineering means to support the use of strategic sediment placement to
support EMNR (strategic sediment placement refers to the placement of sediment in
one location with the intention that this sediment will be moved, through natural
processes (e.g., currents and waves) to other desired locations or areas).

3.2.6 Demonstration of Sustainable Dredged Material Disposal Alternatives:
Incorporation of Amendments into Dredged Contaminated Sediments for
Placement at Open-Water Disposal Sites (High Priority Research)

A significant constraint on dredging as a remedial alternative is the cost and effort of disposal of

contaminated sediments to a contained facility; principally an upland landfill, but also to a CAD

or CDF. Sediments dredged for navigation purposes often have low-levels of contaminants, but
can be disposed of at low-cost open-water sites after testing to demonstrate that the contaminants
are non-toxic to benthic organisms (via bioassays) and would not bioaccumulate into the food
chain. Dredged contaminated sediments are generally prohibited from these open water sites, often
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on the presumption that levels of contaminants would be toxic to benthic organisms and/or would
bioaccumulate.

Application of activated carbon (AC) on contaminated sediments as a remedial alternative to
sequester and render hydrophobic organic compounds (HOCs) biologically unavailable has been
demonstrated through several SERDP and ESTCP projects, and increasingly is used for
contaminated sediment management (USEPA 2005; 2013). One innovative extension would be to
demonstrate that addition and mixing of AC into contaminated dredged sediment would
sufficiently sequester the HOCs, so that the sediments could then be disposed of at open water
disposal sites. At least one project recently begun by the Army Corps’ ERDC laboratory is working
to demonstrate open water placement of low-level contaminated dredged materials after adding
AC for bioaccumulation control in Ashtabula Harbor, OH (Townsend, 2015).

Research and demonstration would be needed to show that efficient and cost-effective amendment
mixing techniques could be developed and incorporated into dredging practices. These methods
could include ways to introduce AC into the navigation plant streams (e.g., AC added to barge, to
hopper discharge, hydraulic injection) and that the resultant material would pass the bioassay and
bioaccumulation tests for a suitability determination for open water placement. Additional work
would be needed to demonstrate that during the disposal event the AC would remain with the
sediment dropped through the water column, confirmation testing that the AC was suitably
distributed within the deposited sediments, and short-and long-term demonstration that organisms
living within those disposal sites did not accumulate HOCs.

3.2.7 Development and Demonstration of Integrated Dredged Sediment Management
(IDSM) Strategies for Remedial and Navigation Dredging Sites (High Priority
Demonstration)

The use of navigation dredged material for beneficial uses is often touted as a potential cost
reduction and best use of dredged material as a resource. However, the reality of annual funding
and limited budgets for navigation dredging combined with the lead time for environmental
placement approval and coordination pose significant barriers for potential reuse of dredged
materials from many navigation projects. This annual funding and related uncertainty on when
navigation projects may be performed makes it very difficult to link beneficial use to these
navigation projects. The use of navigation material for capping or EMNR often makes logical and
financial sense from many viewpoints but it is the schedule and volume uncertainties that create
the impediment. Capping and EMNR projects, once planned, have a fixed schedule to which they
must adhere. Basing such work on a material source that is then not available, because the
navigation dredging project did not happen due to funding or other issues, puts the EMNR or
capping project at risk. This risk often results in capping and EMNR projects procuring material
from upland, commercial sources and the navigation material goes unused and is placed in deep
water offshore, lost from the littoral system.

The purpose of the research study and demonstration would be to evaluate potential cost savings
and environmental benefits that could be realized if sufficient certainty could be provided to
navigation projects with a potential beneficial reuse component on greater than an annual budget
cycle (i.e., the ability to plan a navigation dredging and beneficial reuse project three years in the
future).
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The demonstration/research needs identified include:

3.3

The working group for emerging contaminants adapted a definition that “emerging contaminants”
are any chemical or physical particle that has not to date been monitored at contaminated sediment
sites but have the potential to cause adverse environmental impacts. Emerging contaminants
include 1) “true or really new” emerging contaminants, new compounds or particulates that were
not previously known or that just recently appeared in the scientific literature (e.g., nanoparticles),
2) contaminants of emerging interest which were known to exist but for which the environmental
contamination issues were not fully realized or apprehended (e.g., perfluorooctanoic acid
[PFOA]/perfluorooctane sulfonate [PFOS]), and 3) “old” contaminants, i.e., situations where new
information is jostling our understanding of environmental and human health risks related to such

Evaluating potential cost savings from considering navigation dredged material as a
valuable resource. What are the potential savings if the annual funding impediment
could be removed or reduced such that material availability can be guaranteed?

Evaluating potential for rehandling facilities where dredged material can be cost
effectively placed, stored and recovered for beneficial reuse in a way that can compete
with upland commercial sources.

Identifying methods/regulatory framework by which navigation dredged material can
be considered a commodity to fund additional beneficial reuse projects. This may
involve fees in areas with less other material resources and a greater market demand to
fund projects in other areas.

Working Group 3: Emerging Contaminants-of-Concern in Sediments

legacy contaminants (Sauve and Desrosiers, 2014).

The working group addressing emerging contaminant issues was charged with discussing the

questions listed below, although discussions did not necessarily have to be limited to these.

What are the emerging contaminants of concern (COCs) relevant to DoD and U.S.
Environmental Protection Agency (EPA)-led sediment sites for which additional
research, technology demonstration, and/or guidance documents may be needed to
support future risk assessment, remedial decisions, and site management?

What COCs represent the most important targets for DoD and EPA to demonstrate the
need for further research and demonstration projects, and why should these targets be
designated for future research?

What if any data gaps exist in the fundamental understanding of the risk, fate, and
transport of these COCs?

Are new or improved diagnostic tools needed for any of these COCs to understand their
fate and transport mechanisms or potential modes of toxicity?

Is there an opportunity to develop consistent site assessment, methodologies, and
cleanup levels for these COCs?

What technologies are most promising for effective and cost-efficient treatment of
these COCs?
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e What are the highest priority research and demonstration efforts needed to improve
treatment of these COCs?

The emerging contaminants listed below were the ones discussed by the workgroup. For many of
these, research is on-going concerning the fate, transport, toxicity and potential remedial
alternatives in surface water, groundwater, and soils. There is very little published for the same set
of environmental characteristics in sediment.

Per-_and Polyfluorinated Alkyl Substances (PFASs). PFASs have been widely used by DoD
installations as fire retardants. PFAS have been included on the USEPA’s Third Unregulated
Contaminated Monitoring Rule (UCMR3) list with guideline water quality criteria and health
advisory levels in drinking water for PFOS and PFOA. PFAS toxicity and remediation is being
actively investigated by SERDP and ESTCP for soils, surface water and groundwater. There is a
relative paucity of information on transport of PFAS to sediments, as well as the fate and transport
once there (Ahrens, 2011; Vierke et al., 2012).

1.4-Dioxane. Used as a stabilizer for solvents (including trichloroethene (TCE)-containing
solvents) and as a laboratory reagent, 1,4-dioxane is also on the UCMR3 list for drinking water,
and SERDP and ESTCP are actively funding research into dioxane remediation in groundwater
and soils. With a relatively low organic carbon partitioning coefficient (Koc ~ 1.2) it is not likely
that 1,4-dioxane will sorb to sediments, but the fate and effects are not well defined.

Pesticides. Pesticides continue to be a contaminant found in sediments at DoD facilities. Frequent
use of pesticides has resulted in contaminated runoff and sediment contamination that the DoD
must include in remedial action plans. For example, commonly sold and used pyrethroid
insecticides are being found as potentially toxic to benthic invertebrates in sediments adjacent to
U.S. Navy facilities in San Diego (Anderson et al., 2010). While not necessarily an “emergent
contaminant”, regulators have begun to focus on pesticides as DoD sites.

Low-level radiological commodities. The need to develop cost effective screening tools for low
level radiological commodities in sediment was discussed in Section 3.2.2. Currently, handling of
dredged material impacted with low-level radioactive waste is very expensive due to hand sorting
of discreet items such as dials, rope, buttons, and gauges with glow-in-dark paint that contains
either Radium-226 or Strontium-90. Also, the manual handling requires that munitions must also
be screened for due to safety reasons.

Microplastics. Microplastic particles in aquatic environments are getting increased attention
nationally and internationally. Microplastic particles can be the result of degeneration and
weathering of plastic debris released into the oceans, but also have been used in commercial
cosmetic products, as well as artificial fabrics (e.g., polyester). Recognized as a physical pollutant,
some evidence exists to suggest that microplastics can accumulate hydrophobic organic
contaminants such as PCBs, and then serve as vectors of HOCs to aquatic organisms, including
fish that are consumed by people (USEPA, 2015). To date, microplastics have not been identified
as an emergent contaminant for the DoD; however, microplastic pollution has been identified as
an issue in the Great Lakes by the International Joint Commission, and its preliminary
recommendations have been released (1JC, 2016).
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Short-Chain Chlorinated Paraffins (SCCP). SCCPs are found world-wide in the environment,
wildlife and humans (USEPA, 2009). They are reported as bioaccumulative in wildlife and
humans, are persistent and transported globally in the environment, and toxic to aquatic organisms
at low concentrations. Used as a component of lubricants and coolants in metal cutting and metal
forming operations, SCCPs have been identified in all environmental media tested to date,
including surface waters, sediments, and tissue. Prevalence of short-chain chlorinated paraffins at
DoD and other sediment sites is unknown but due to their persistence, toxicity, and
bioaccumulation potential, impacts are likely present. To date, SCCP has not been identified as an
issue at DoD facilities.

Fuel Additives. Use of fuel additives is expanding rapidly and will likely continue to increase.
Little is known about their toxicity and bioavailability, and their potential role in new generation
alternative fuels procured by the DoD (e.g., Rosen et al., 2014). The working group had limited
information on the nature or prevalence of fuel additives used at sites of interest.

The emerging contaminants work group identified eight research needs (five critical, three high),
one demonstration need and one technology transfer need as shown in the Table 4. Any or all of
the COCs identified above could be the subject of the research and demonstration work described
below.

3.3.1 Improved Methods for Quantifying Concentrations and/or Toxicity of Emerging
Contaminants (Critical Priority Research)

Standardized time- and cost-effective methods are needed to quantify concentrations and toxicity
of emerging contaminants in sediments (and other media including stormwater and porewater).
Methods should include quantification of precursors and derivatives where applicable. The
methods should be adoptable by a wide range of commercial analytical laboratories. For example,
methods for PFASs include USEPAS537 but it is modified by many laboratories. Standard methods
may allow for some flexibility; however, basic requirements must be standardized so that decision
makers can obtain quality data required to inform ecological and human health risk-based decision
making.

3.3.2 Development of Modeling Framework for Fate and Transport of Emerging

Contaminants Migrate to Support Risk Assessment (Critical Priority Research)
Development of a modeling framework (that includes existing partitioning coefficients) is needed
for emerging contaminants that will help predict how these chemicals are expected to migrate in
different environments to support risk assessment. Specifically, reconciliation of Kow or
computational chemistry-based parameters to sediment and AC partitioning is needed as well as
prediction of partitioning factors and bioaccumulation potential.
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Table 6. Needs Identified in Working Group 3: Emerging Contaminants-of-Concern in

Sediments
Critical High
3.3.1 Improved methods for 3.3.6 Development of a natural attenuation
quantifying concentrations and/or framework for emerging contaminants

toxicity of emerging contaminants

3.3.2 Development of modeling 3.3.7 Development of in situ remediation
framework for fate & transport of strategies for emerging contaminants
emerging contaminants to support
risk assessment

3.3.3 Improved methods for 3.3.8 Development of forensics for source

establishing porewater-based tracking & allocation of emerging
Research . -

sediment management standards for contaminants

emerging contaminants

3.3.4 Improved methods to quantify
cumulative risk associated with
complex contaminant mixtures that
include emerging chemicals of
concern.'

3.3.5 Improved methods for
identifying ecological risks associated
with incidental radiological
commodities in sediments.”

3.3.4 Improved methods to quantify

. cumulative risk associated with complex
Demonstration contaminant mixtures that include
emerging chemicals of concern.?

3.3.5 Improved methods for
Technology identifying ecological risks associated
Transfer with incidental radiological
commodities in sediments.?

'Identified as both a research and demonstration need.
’Identified as both a research and technology transfer need.

3.3.3 Improved Methods for Establishing Porewater-based Sediment Management
Standards for Emerging Contaminants (Critical Priority Research)

Extension of the passive sampling technology to emerging contaminants is needed. Specific needs

include:

e Identify whether passive samplers provide a cost-effective method for measuring the
freely dissolved concentration (Crree) of individual and mixed emerging contaminants
present in sediment porewater;

e Determine whether existing or new polymers are suitable for quantifying emergent
contaminant Cfree concentrations in sediment porewater;




e Determine polymer-and contaminant-specific partitioning behavior, and suitable
performance reference standards sufficient for commercial laboratories to perform
appropriate analyses.

3.3.4 Improved Methods to Quantify Cumulative Risk Associated with Complex
Contaminant Mixtures that Include Emerging Chemicals of Concern (Critical Priority
Research)

Development of a methodology for quantifying cumulative risk posed by complex chemical
mixtures of emerging chemicals of concern is needed. Such research would specifically pertain to
mixtures of PFASs, pesticides, or SCCPs. Specific needs include:

e Define, describe and determine viability of cumulative risk assessment as an evaluation
of combined effects from a mixture of chemicals with similar modes of toxic action
and/or toxic endpoints or presence of multiple contaminant phases for multiple
emerging contaminants.

e Determine if and how integrated chemical exposure and toxicity groups can be formed.

3.3.5 Improved Methods for ldentifying Ecological Risks Associated with Incidental
Radiological Commodities in Sediments (Critical Priority Research and Technology
Transfer)

Research is needed to determine whether ocean disposal of sediment containing discreet

radiological components degrades any of the marine environment and is de minimis in nature

(London Convention). Although several studies have been performed on radioactive sediment and

marine ecology, none have been performed on clean sediment with discrete, de minimis radioactive

items with Ra-226/Sr-90 paint. Specific needs include the following:

e Determine the risk and health effect of the radioactive discrete items on the marine
ecology.

e Evaluation of uptake from these discrete items into benthic organisms and food web
transfer to mammals, birds, and humans that may consume higher trophic level fish.

e Development of guidance for ocean disposal of de minimis radiological contamination.
This need also was discussed under Section 3.2.2.

3.3.6 Development of a Natural Attenuation Framework for Emerging Contaminants (High
Priority Research)

Developing an improved understanding of natural attenuation parameters of importance for
multiple emerging contaminants is needed. For example, we need to know more about
biodegradation pathways and associated processes/properties that control bioavailability. The
proposed efforts should focus on understanding fate and transport mechanisms, biotic and abiotic
transformations, bioavailability, and the impact on site variability for specific emerging
contaminants.
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3.3.7 Development of In Situ Remediation Strategies for Emerging Contaminants (High
Priority Research)

Development of in situ remedial strategies that would remove, eliminate, or result in the reduction

of emerging contaminant release and uptake to ecological receptors is needed. Highlighted in the

2012 Workshop Report, this area continues to be important for all contaminants in sediments, but

especially for the emerging contaminants. Research and development needs include:

e Developing new and more effective amendments.

e Designing new and better ways to deliver amendments as part of caps or in situ
treatment approaches.

Much of the recent work on sediment amendments has focused on adsorption by carbon or other
substrates (e.g., organoclays, apatite). There remains continued interest from the regulatory
community and public in approaches that remove the mass of the contaminants through treatment.
These new technologies would meet a number of important criteria for in-placement management:
reduce exposures through a combination of chemical adsorption, degradation and transformation;
have low impact on native biota; have long-term effectiveness; be competitively priced from a life
cycle perspective that considers all benefits and costs, and addresses complex mixtures of
chemicals.

This research and development need is directed toward new technologies that may come from
combinations of physical, chemical, and biological research efforts. Research could derive from
the fields of nanotechnology, microbiology, enzyme systems, and tissue cultures.

3.3.8 Development of Forensics for Source Tracking and Allocation of Emerging
Contaminants (High Priority Research)

Developing methodologies to verify the source of some prevalent emerging contaminants such as

PFASs is needed. Proposed efforts should focus on forensics or other methods to determine the

source of emerging contaminants that may have multiple sources in the environment.

3.4 Working Group 4: Increasing Confidence in Sediment Cleanup Levels

Sediment cleanup levels (CULSs) are the contaminant concentrations in sediment to be achieved
through active or passive (e.g., MNR) sediment remediation. Establishing numeric cleanup levels
can be a time-consuming, controversial, and difficult process at contaminated sediment sites and
often represents a point of contention between regulators and regulated parties as those
concentrations will have a direct influence on the size, degree, and cost of cleanup.

At sites with sediments contaminated with persistent hydrophobic compounds such as PCBs, the
goal is generally to reduce predicted risks to human and ecological health from consumption of
contaminated fish. “Protective” fish tissue levels (i.e., fish tissue concentrations that do not pose
unacceptable risks of cancer or other health effects) are derived based on a site-specific risk
assessment process that generally assumes high-end fish consumption rates and durations of
exposure. These fish tissue contaminant concentrations are then converted to sediment cleanup
levels using a site-specific fish to sediment relationship, often based on a food web model (FWM).
Thus, the ability of these FWMs to appropriately capture the sediment-(water)-fish relationships
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is critical for establishing a management approach that will convey an appropriate level of
protection.

At many sites, risk-based levels for persistent hydrophobic contaminants fall below “background”
concentrations, so increasingly background levels are adopted as site-specific sediment cleanup
levels!. This outcome emphasizes the need for approaches for developing credible estimates of
background contaminant concentrations and standardizing definitions and methodologies.

With this background, the work group set out to address the workshop charge questions:

e Are there new approaches and/or technologies that can be developed to complement
existing approaches to support increased confidence in the reliability and accuracy of
sediment cleanup levels that are based on either fish tissue concentrations (e.g., human
health consumption risks) and/or regional or local background concentrations?

e What approaches and/or technologies exist or could be developed to relate measured
values of sediment contaminant concentrations to fish tissue concentrations and thus
the sediment CULs?

e What improvements can be made, or new data collected, to reduce the uncertainty in
the food web models used to set CULs?

e Are new or improved in situ/ex situ approaches needed to support long-term
performance monitoring to evaluate the accuracy of food web model forecasts?

e What models or estimation methods are needed to better forecast (with uncertainty
bounds) the projected cost of remedial actions used when evaluating alternatives and
CULs?

e What approaches or opportunities exist to develop scientifically defensible assessment
and statistical methods to develop watershed/site specific background, or regional
background levels, to assist Risk Managers in setting achievable cleanup levels?

Group members agreed that innovative approaches were needed and that there were opportunities
for research, demonstration, and technology transfer to help address these challenges. Project and
site managers agreed that default CULs based on standardized assumptions would improve the
efficiency of site decision making. The sediment CUL work group discussed that decision making
at sites was frequently challenged by two central issues:

1. Determining reasonable and feasible cleanup levels.
2. Improving FWMs for remedial decision making.

Research and demonstration needs are organized around these two central issues. The sediment
CUL group identified three research needs (one critical, two high), two demonstration needs (one

! The 2002 EPA Guidance: Role of Background in the CERCLA Cleanup Program (OSWER Directive
9285.6-07P) states: “Generally, under CERCLA, cleanup levels are not set at concentrations below natural
background levels. Similarly, for anthropogenic contaminant concentrations, the CERCLA program
normally does not set cleanup levels below anthropogenic background concentrations ...”
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critical, one high), and one technology transfer need as shown in Table 5. Supporting technical
background and research needs are defined below.

Table 7. Needs Identified in Working Group 4: Increasing
Confidence in Sediment Cleanup Levels

Critical High
3.4.1 Development of innovative 3.4.4 Improved standardized
alternatives to establish sediment | approaches for measuring porewater
Research cleanup goals contamination concentrations
3.4.5 Improved understanding of
input variables to food web models

3.4.2 Demonstration and 3.4.6 Post-remedy evaluation of the
Demonstration validation of passive sampling- long-term utility of food web models
based Cleanup Levels to set cleanup goals at contaminated
sediment sites
ity 343 .Development of Best.
Practices Guidance for sediment
Transfer

background level determination

3.41 Development of Innovative Alternatives to Establish Sediment Cleanup Goals
(Critical Priority Research)

FWMs typically use bulk dry weight sediment contaminant concentrations to represent the
contaminant exposures from sediment. Porewater contaminant concentrations are estimated in the
models using partitioning relationships and assumptions. Increasingly, passive samplers are used
to directly measure contaminant concentrations in porewater. Passive samplers can be deployed in
the water column and sediment bed to directly measure exposures to aquatic organisms. SERDP
and ESTCP have devoted significant resources to basic and applied research on the use of passive
samplers and the field has rapidly evolved.

Development of alternative approaches is needed to replace the complex mechanistic food web
models that are currently used to establish cleanup goals. Specific topics that that could be
addressed with this research include:

e Research that directly ties passive sampler-based measurements of freely-dissolved
contaminants to uptake in aquatic organisms, and to ecological and human health
effects from transfer through the aquatic food web.

e Methods to derive porewater-based cleanup levels for protection of ecological and
human health from contaminants via the fish consumption exposure pathway.

3.4.2 Demonstration and Validation of Passive Sampling-Based Cleanup Levels (Critical
Priority Demonstration)

Development, demonstration, and validation is needed of default CULs based on passive

sampling-based measurements, in lieu of site specific risk assessments. Specific work that would

need to be demonstrated would be to (1) develop default CULSs, and (2) develop robust monitoring
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over a range of environmental conditions, to include co-deployment of passive sampling
technologies, fish tissue sampling, and water sampling. This will help to establish whether
surrogate measures could supplement fish tissue sampling.

3.4.3 Development of Best Practices Guidance for Sediment Background Level
Determination (Critical Priority Technology Transfer)
Technology transfer work is needed to develop the following:

e A summary document of sediment background definitions, determinations, and
statistical manipulations used by different entities to establish sediment background-
based cleanup levels.

e A best practices guidance for determining site specific sediment background levels,
including appropriate definitions, derivation, and application.

Risk assessments may result in risk-based CULs that are below “background” levels of those
contaminants. Thus, sediment background levels, even of anthropogenic contaminants, will be
selected as the CUL. However, the intended definition of sediment background (e.g., regional,
natural, anthropogenic, the recontamination level, upstream, reference) and the procedures used to
derive sediment background levels vary by location and contaminant. A synthesis document that
details definitions, methods, and procedures used by state or regulatory authorities would be a
helpful resource. A best practices guidance for establishing site-specific sediment background
levels as cleanup levels also is needed. That document would provide protocols for deriving site
specific sediment background levels, including sampling, statistical approaches, and appropriate
application. Another important issue is how future conditions should be considered. For example,
the release of mercury (Hg) from the melting of glaciers may increase the “background”
concentration of Hg according to regional deposition patterns. In other systems, sediment
background concentrations of contaminants are anticipated to decline over time.

Are there other techniques besides sampling “background” areas and statistically comparing
values? For example, can equilibrium based sediment background concentrations be derived from
air concentrations? Could mass-balance approaches from contaminated media (water, sediments,
biota) can be used to estimate sediment background?

3.44 Improved Standardized Approaches for Measuring Porewater Contamination
Concentrations (High Priority Research)

Research is needed to establish the representativeness, accuracy, and reproducibility of

standardized approaches for measuring porewater contamination concentrations.

Bulk-sediment contaminant concentrations have standardized analytical methods and a long
precedent of use as cleanup levels at contaminated sediment sites. Those factors perpetuate their
ongoing use, despite the recognition that freely-dissolved contaminant levels in porewater are
better indicators of risk from contaminated sediment. There are currently a variety of methods
available for measuring porewater concentrations, and there can be confusion regarding the
optimal passive sampler, deployment configuration, and analytical technique for a given situation.
Most techniques today are relatively robust, providing flexibility for site managers to use
whichever method best suits their site conditions. For HOCs, three techniques stand out:
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polyethylene (PE), polyoxymethylene (POM), and solid phase micro-extraction (SPME) materials.
Ultimately, if porewater contaminant concentrations derived from passive sampler approaches will
supplant bulk sediment contaminant concentrations, greater standardization of methods is needed.

3.4.5 Improved Understanding of Input Variables to Food Web Models (High Priority
Research)

Increasingly fish tissue contaminant concentrations are the basis for developing sediment cleanup
levels. Starting with tissue concentrations that are estimated to cause adverse ecological or human
health effects from consumption of those fish or shellfish, FWM models are used to back-calculate
sediment goals that presumably would be protective of those risks. Despite their widespread use
and long history of application for HOCs, regulators and the regulated community alike continue
to question FWM accuracy and precision in relating sediment and water exposure concentrations
to resulting organism concentrations throughout the aquatic food web.

The current assumption that sediment remediation leads to commensurate declines in fish tissue
concentrations to date has not been firmly established. While the SERDP and ESTCP 2012
Workshop identified potential research needs with respect to FWM application (SERDP &
ESTCP, 2012), modeling the relationship between fish tissue contaminant concentrations and
sediment-water exposure concentrations is a large and multi-faceted problem and significant
research questions remain. For example, are there critical contaminant exposures that are being
missed? Are fish being exposed to areas outside the site and are there key exposure areas within
the site boundaries? Which environmental media, timeframes, and phenomena are responsible for
the body burdens and are these being appropriately considered from a mechanistic perspective
within the modeling framework? Fish tissue concentrations of persistent bioaccumulative
contaminants such as PCBs primarily derive from dietary sources. Should the contaminant
exposure history of fish diets be considered when deriving sediment CULs from FWMs?

Research is needed to develop technologies and approaches for documenting site specific fish diet
and trophic level and establishing critical chemical exposures, time periods, and environmental
processes that drive fish burdens to test the assumption that sediment remediation will decrease
fish tissue concentrations. These technologies and approaches will explore the range of site-
specific partitioning relationships for improving FWM performance.

A quantitative understanding of temporal and spatial variation in contaminant exposures is
required to appropriately model aquatic food web exposures. For example, storm-related fluxes
rapidly create large inputs that can influence organism concentrations. Water related influences
and the dynamics between sediment and water represent a linkage that is currently under-
emphasized with the consequence that the FWM may not have the ‘“correct” exposure
characterization. Under the assumption that chemical activity, rather than absolute concentration,
is a more significant driver of contaminant uptake, should site-derived partitioning relationships
(Koc vs Koc derived from assumed Kow) or other methods be used? A common simplifying
assumption at contaminated sites is that external loading of contaminants has been controlled. That
decision simplifies modeling, but may not be realistic. Are these loads driving elevated fish tissue
concentrations and a lack of observable declines after remediation?
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3.4.6 Post-Remedy Evaluation of the Long-Term Utility of Food Web Models to Set

Cleanup Goals at Contaminated Sediment Sites (High Priority Demonstration)
A systematic, retrospective analysis of FWM applications across a variety of large sediment sites
could provide insight to help better define relationships between fish and sediment and water
exposures based on existing applications. While a large number of site-specific food chain models
coupled with fate and transport models have been developed (Great Lakes, Lower Fox River,
Willamette River, Hudson River, San Francisco Bay), there is a lack of information on the extent
to which these advanced food chain models/fate and transport models accurately predict long-term
trends to changes in fish tissue concentrations.

This retrospective analysis would be beneficial at remediated sites where fish tissue contamination
by persistent HOCs was the risk driver(s) and where CULs were set using FWMs with an
expectation of reduction in fish tissue concentrations after implementation of the remedy. Specific
needs include the following:

e In-depth analysis of existing long-term data (pre-, post, and long term after
remediation) and modeling efforts at selected sites.

e Completion of a post-hoc analysis of sites that have undergone remediation (capping,
dredging, in situ treatment, or MNR) and compare designed/predicted to measured/
achieved recoveries.

e Evaluation of modeling approach(es) originally used to select a remedy, and long-term
trends actually achieved at the sites.

¢ Evaluation of how porewater and water column measures contributed to, or should have
been used to improve understanding of the performance of the FWM.

3.5 Working Group 5: Monitoring Remedy Effectiveness

Performance monitoring of a sediment remedy is an integral component of the remediation process
to verify and document remedy effectiveness and permanence. As part of the remedy design
process, both short- and long-term maintenance and monitoring programs are developed. Short-
term monitoring determines whether remedy implementation meets design specifications. Long-
term monitoring focuses on evaluating whether remedies achieve Remedial Goals (RGs) and
Remedial Action Objectives (RAOs). RGs generally specify the expectations for reductions in
contaminant concentrations while RAOs specify the broader objectives for reducing risk and
restoring beneficial uses. All effective monitoring programs should be able to document reduction
of risk and progress towards recovery.

Post remedial monitoring, or long-term monitoring (LTM), is typically considered after the remedy
evaluation and selection process is complete. The working group advocated that