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Notice

This document was prepared by member organizations of the Anacostia Watershed Toxics
Alliance (AWTA) and Anacostia Watershed Restoration Commission (AWRC). Publication does
not signify that the contents of this report necessarily represents the complete official position of
all of the AWTA and AWRC organizations. Any mention of trade names does not constitute
endorsement or recommendation.
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The burden of addressing problems within the Anacostia River has generally been the
responsibility of the three affected jurisdictions within the Anacostia Watershed - Prince George
County, Montgomery County, and the District of Columbia— which have implemented a number
of actions to correct environmental problems. After reviewing several years worth of
environmental data, however, it is clear that contaminated river sediments still pose an
unacceptable risk to the public and the delicate ecosystem of theriver. It is also quite clear that
thereis no quick fix and that, because this large watershed spans several jurisdictions, no single
entity has either the ability or the resources to make the river swimmable and fishable alone.
Concerned stakeholders have joined together in groups such as the Anacostia Watershed Toxics
Alliance (AWTA), the Anacostia Watershed Society (AWS), and the Anacostia Watershed
Restoration Committee (AWRC) to pool knowledge, expertise, and resources to address the
problems afflicting this beautiful river. Because of this common goal, this document, which
outlines ahalistic, overall approach for dealing with river toxics, with an emphasis on
contaminated sediment, isjointly issued by AWTA and AWRC.

The Anacostia Watershed Toxics Alliance (AWTA) was formed in 1999 as a voluntary public-
private partnership to address the toxic chemical problemsin theriver. The mission of the
Alliance is stated as follows:. “ To work together in good faith as partners to evaluate the
presence, sources and impacts of toxic contaminants in the Anacostia River with all stakeholders,
both public and private, and other interested parties and to evaluate and take actions to enhance
the restoration of the Anacostia watershed to its beneficial use to the community and ecosystem
asawhole.” Three primary objectives have been adopted by AWTA to carry out this mission:

* ldentify and quantitatively assess risks to human health and the environment from
toxic contaminants in the Anacostia River;

* Reduce risks from toxic contaminants to levels that are safe for humans and aquatic
life; and

» Build effective partnerships among AWTA members, encourage public input, and
promote effective restoration of the Anacostia watershed.

The Alliance represents over 25 different groups, agencies, and institutions, in addition to four
(4) Divisions at EPA: Superfund, Water, ESD, and Chesapeake Bay Program. Membersinclude
the Maryland Department of the Environment, District of Columbia Department of Health,
Anacostia Waterfront Initiative (AWI), Montgomery County (MD), Prince George' s County
(MD), U.S. Navy, Naval Research Lab, Army Corps of Engineers, U.S. Air Force, National
Oceanographic and Atmospheric Administration, U. S. Fish and Wildlife Services, National Park
Service, U.S. Geological Survey, General Services Administration, Agency for Toxics
Substances and Disease Registry, Washington Counsel of Governments, Interstate Commission
of the Potomac River Basin, Academy of Natural Sciences, District of Columbia University,
Washington Gas and Light, Potomac Electric Power Company, and community representatives.
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Recently, members of the Remediation Technologies Development Forum (RTDF) have begun
to collaborate with AWTA aswell.

AWRC was created by the Anacostia Watershed Restoration Strategy Agreement, which was
signed in 1984 by the State of Maryland Department of the Environment and the District of
Columbia Department of Health (MWCOG 1986), and was expanded to form the Anacostia
Watershed Restoration Committee in 1987, including Prince George Department of
Environmental Resources and Montgomery County Department of Environmental Protection, as
well asthe US Army Corps of Engineers, the U.S. Environmental Protection Agency, and the
National Park Service, the Interstate Commission on the Potomac River Basin (ICPRB), and the
MWCOG (administrator of the agreement) (ICPRB, 1994 and 1996). Five years | ater, as the
centerpiece of the 1991 renewal of the Anacostia Watershed Restoration Agreement, the four
jurisdictions adopted a Six-Point Action Plan. The Six-Point Action Plan identified the following
six fundamental restoration goals (ICPRB 1994):

* Reduction of pollution loads

* Restoration of ecological integrity

* Improvement of fish passage

* Increasein wetland acreage

» Expansion of forest coverage

* Increasein public and private participation and stewardship

In 1999, the signatories of the Sx-Point Action Plan reaffirmed their commitment to restore the
Anacostia watershed by pursuing the Anacostia Watershed restoration goals and interim Targets
for the period 1999-2000. In doing so they also agreed to adopt, through a public participation
process, a suite of 50 specific, long-term restoration indicators and targets, and pledged to
continue a basin-wide strategy to equitably achieve the six fundamental goals and associated
targets by 2010. This latest agreement was adopted by the four Anacostia signatories (state of
Maryland, District of Columbia, and Montgomery and Prince George' s counties) at a highly
publicized signing event on December 3, 2001.

Since 1987, actions taken by the AWRC and AWTA, affiliated organizations, environmental and
business groups, and individual citizens have resulted in substantial restoration progress. To date,
these groups have identified over 700 storm water retrofit, wetland creation, stream restoration,
riparian restoration, combined sewer overflow abatement, trash and toxics reduction, and other
restoration-related projects designed to correct environmental problems and enhance overall
ecosystem quality. Of these projects, approximately one-third have either been completed or are
in progress. Over the last fifteen years, roughly $35 million has been spent on restoration project
implementation, with close to $30 million additional spent on land acquisition, planning,
monitoring, engineering, design, and maintenance.
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EXECUTIVE SUMMARY

+ BACKGROUND

The Anacostia River is a freshwater tidal system draining an urban watershed that encompasses
456 km? in Maryland and the District of Columbia. The Anacostia River watershed has become
increasingly degraded from decades of industrial and urban activities. Substantial destruction of
tidal fringe wetlands and marshes has resulted in the loss of the watershed’ s filtering capacity.
These |osses have resulted in the river acting as asink for contaminants. Ongoing contamination
from many sources continues to degrade the system. Elevated concentrations of polychlorinated
biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHS), lead and other trace elements,
and pesticides are present in river sediments, posing arisk to humans and aquatic organisms.
Even though there are currently fish advisories on the river for PCBs and pesticides, theriver is
still used for subsistence fishing by the local community. As aresult, the Anacostia River has
been designated one of three highest priority Regions of Concern within the Chesapeake Bay
Region by the EPA Chesapeake Bay Program (1999).

The District of Columbia, Office of Planning has identified the potential of developing over
30,000 new residential housing units along the Anacostia waterfront over the coming 25 years.
This urban revitalization opportunity will produce immeasurable local economic benefits for the
communities along the shores of the Anacostia River, many of which are the poorest in the City
and in the Region. Preliminary estimates identify a potential range of between $75 to $225
million dollars of new annual tax revenue for the District, resulting from the redevel opment of
currently underutilized waterfront lands. Many of these sites, such as the Southeast Federal
Center, Buzzard Point, Poplar Point and the Southwest Waterfront will be made much more
attractive and desirable, after the environmental problems are eliminated.

Stakeholdersin the river include federal, state, local governments, as well as hon-governmental
organizations. These stakeholders have been working to clean up sites and reducing the flow of
contaminants to the river. They have repaired over 6.5 miles of leaking storm sewers,
constructed 4 (four) sand filters that reduce trash and contaminant flow to the river, restored
several miles of stream channels, built protective covers over 30 acres of former disposal sitesto
reduce contaminate migration, and removed over 7,000 gallons of coal tar, 20,000 gallons of
petroleum, and 25 pounds of mercury. In addition, AWTA members have cleaned up over
27,000 tons of contaminated soil and 1 (one) million gallons of surface water and groundwater.
In spite of these important advances, serious problems still exist and must be corrected.

« VISION FOR THE RIVER

The vision for the Anacostia River watershed isto restore this highly diverse and economically
valuable natural resource to the community by making it fishable and swimmable by 2011, if
funding for proposed actionsis available.
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* PARTNERSHIP AND GOALS

The Anacostia watershed spans three main jurisdictions: Prince George and Montgomery
Countiesin Maryland and the District of Columbia. In order to effectively address the complex
environmental issuesin the watershed, a phased, holistic approach has been adopted. To
facilitate this innovative approach and assure successful management of this natural resource,
concerned stakeholders have joined together to pool knowledge, expertise, and resources, and to
work together to address the many environmental problems. These groups include the Anacostia
Watershed Toxics Alliance (AWTA), Anacostia Watershed Restoration Committee (AWRC),
and the Anacostia Watershed Society (AWS). This document addresses three primary objectives
adopted by these groups to restore the watershed to beneficial use:

* ldentify toxic contaminant sources and quantitatively assess risks to human health
and the environment from toxic contaminants in the Anacostia River.

* Reduce risks from toxic contaminants to levels that are safe for humans and aguatic
life, and

* Build effective partnerships among all stakeholders, encourage public input, and
promote effective restoration of the Anacostia watershed.

« CONCEPTUAL SITE MODEL

Central to the restoration of the Anacostiais gaining an understanding of how contaminants
enter, flow through, and ultimately how organisms and their predators (human and otherwise) are
exposed. A Conceptual Site Model (CSM) is abasic description of how contaminants behavein
asystem. It provides an essential framework for determining source control requirements and
addressing unacceptabl e risks.

Key requirements of a CSM are knowledge of contaminant sources, behavior, migration, and
fate; hydrodynamics and transport factors; degradation rates; contaminant sinks; and mechanisms
of exposure and uptake by ecological and human receptors. The CSM is also an important tool in
helping to identify additional data needsin order to implement an effective cleanup. In addition
to the semi-quantitative CSM, a quantitative mathematical model (Tidal Anacostia Model-Water
Analysis Simulation Program “TAM-WASP") has been devel oped for the D.C. Department of
Health and is being calibrated and refined to provide predictive capability. This model will alow
for the evaluation of various source identification requirements and remedial options.

The current conceptual site model is based on numerous field investigations by many different
groups. These studies focused on the biological, chemical, and physical characterization within
the watershed. While some data gaps still exist, the CSM presented in this document presents our
current understanding of the watershed' s dynamics. The conceptual model is dynamic, subject
to refinement as additional datais obtained. Hot spot locations in this document are presented
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for geographical representation and are not meant to imply the specific sources of contaminants.
Additional locations may be identified in the future.

The Anacostia River has undergone many changes in response to industrial and agricultural
activities and growing population pressures. Much of the physical change in the Anacostiaisthe
result of soils eroding along the shoreline and from upland areas of the watershed. Development
in the form of clearing and tilling have greatly accelerated the rate that water and sediment are
carried to the river. However, extensive navigational dredging along the lower part of the river
during this same period relocated a considerable volume of contaminated sediments from the
channel to many sections of the shoreline. Much of the current pollution entering the river is not
from direct “dumping” into the river, but stem from widespread low level urban and industrial
pollution throughout the watershed. Non-point-source pollution represents a challenge to the way
our urban areas are planned and designed. The manner in which rainwater drains from our urban
neighborhoods, as well as our transportation infrastructure, must be rethought so as not to place
an undue burden on the watershed’ s capacity to absorb toxic loadings. Municipal regulations
such as zoning, building codes and civil engineering standards must all be reviewed and
reconsidered with regard to runoff issues.

Contaminants bond with sediments and move together through the sewers and small creeksto the
river. The contaminated sediments of the watershed eventually end up in the river, which serves
asacollection areaor sink for al of the urban and industrial activities that are occurring
throughout the watershed.

The primary sources of toxicity in the river appear to be from chemicals widespread in the
environment. Polynuclear aromatic hydrocarbons or PAHs are mainly produced by the
incomplete combustion of fossil fuels such as petroleum and coal, and are present in most
common petroleum products, such as oils, greases, asphalt, roofing tar, and creosote. Poor
management of these materials, common in modern society, and concentrated in an urban
environment, leads to the continual loading of contaminants into the river. Polychlorinated
biphenyls (PCBs) were in widespread use for avariety of purposesin the watershed, such as
insulating oilsin electrical transmission equipment and hydraulic fluids. Even inks used in early
carbonless papers contained PCBs. Although the manufacture and commercial distribution of
PCBs were banned in 1976, they have yet to be completely eliminated in the Anacostia
watershed.

Historically, military, industrial, and urban pollution probably began to negatively affect the
river near the turn of the 20th century, perhaps reaching a peak during WWII. The historical use
of PCBs by the Washington Navy Y ard (now split into the Washington Navy Y ard and the
Southeast Federal Center) was investigated in the 1990s. PCBs were found in onsite soilsand in
the storm sewers that drained the property. A considerable portion of the entire storm sewer
system, that is the storm water lines on the eastern portion of the former facility, was recently
rehabilitated. In the system on the western portion (currently the Southeast Federal Center) of
the old installation, sediments have been removed from the sewer but the line has not been
rehabilitated. In addition, PCBs were used and stored at an electric power company sited along

Xl
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the river. The company has not been able to test all of the transformersin its power distribution
areato determineif they contain PCB concentrations exceeding regulatory criteria. Datafrom
the National Park Service, dated February 2002, shows evidence of new PCB sources entering
the river from Kenilwoth Landfill.

The District has reported that coal gasification plants are known to have existed on severa sites
in the lower portion of the watershed. At the Washington Gas facility, free phase coal tar has
been identified as a potential source of PAH’sto theriver. Recovery operations are currently in
progress.

For some pollutants, loadings to the river may have begun tapering off with the environmental
awareness and regulation of the 1970s and 1980s. However, environmental investigations are
still in progress at almost al of the contaminated sites, and the contaminant |oadings from these
areas are largely yet to be determined. In addition, the ground water pathway to the river and its
potential to contaminate the sedimentsis still poorly understood at most sites. As contaminated
sediments from the watershed settled on the river bottom, the legacies of contamination were | eft
behind. Thisisthe result of sediment mixing caused by storm and dredging events; the continued
deposition of contaminated sediments into the channel; and possible contamination of clean
sediments by upwelling contaminated ground water. Although sediment contamination may be
many feet deep, fish and other wildlife live in and are exposed to only the top few centimeters of
sediments. Currently the top few inches of sediments in the Anacostia are contaminated. The few
creatures that can survive there are unhealthy and may be impacting other fish that eat them. Itis
likely that the invertebrates that live in these sediments serve as a pathway for the transport of
contaminants from sediments into fish and their predators. Thisisthe result of sediment mixing
caused by storm and dredging events; the continued deposition of contaminated sediments into
the channel; and most likely the contamination of clean sediments by upwelling contaminated
ground water. Moving up the food chain, thisin turn poses unacceptable risks to the people who
consume these fish.

In general, concerted attempts are being made to investigate, remediate and prevent contaminant
loadings from the largest, most easily identified military/industrial facilities aswell asfrom
smaller operations. Further, state and local governments continue to implement controls and
enforcement actions designed to prevent contaminant discharges from potential sources of urban
pollution such as active and abandoned business sites, private properties, streets, parking lots and
highways. However, due to budgetary constraints, all of these potential sources and others
including the dumping of trash in public areas and discharges from antiquated combined sewer
systems (CSOs), which currently is serving approximately one-third of the District of Columbia,
continues to pose threats to human health and the environment. The CSOs are outdated systems
that permit urban runoff pollution and raw sewage to bypass treatment plants during modest rain
events. Averaging about 82 releases per year, the discharge volume equates to approximately
2.142 billion gallons of contaminated waste-water entering the river annually through overflows
in the combined sewer system. Storm waters that bypass treatment facilities carry pollutants
washed from bathrooms, streets, lawns and parking lots directly to the river. Natural, filtering
wetlands and forested riparian buffer zones, which once lined the river and it’ s tributaries, have
XH
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been largely eliminated and replaced with efficient storm drain systems, so that urban pollution
often flows unimpeded from the watershed to the river. While the AWRC and its affiliates have,
since 1987, made great strides in reducing uncontrolled stormwater runoff and stream channel
erosion conditions in the watershed, the uppermost layers of riverbed sediment remain
contaminated. During large storm events there aso is likely resuspension and mixing of these
riverbed sediments. While the physical appearance of the river has generally improved, the
bottom sediments have not recovered and will not until point and non-point source pollution is
fully addressed.

Understanding human and ecological exposure pathways is an important component of any
CSM. Ultimately, exposure routes to, and uptake by biota (including humans), is of principal
concern. Bioaccumulation through the food web is a significant exposure route for many organic
contaminants of concern for the Anacostia. The screening level risk assessment indicated that the
primary pathway for human exposure is from ingestion of contaminated fish, athough other
pathways are present such as the ingestion of river-water during recreational use. The primary
ecological receptors at risk within the river are bottom-dwelling organisms (benthic) and fish.
Benthic organisms are exposed from direct contact with sediment and water or ingestion of
particul ates. Fish may be exposed to contaminants from direct contact with sediment and water
plus from bioaccumulation through the food chain.

Since the late 1980’s, there has been a fish consumption advisory in effect for the Anacostia for
PCBs and pesticides. Liver tumors, most likely from exposure to PAHSs, are also very common in
bottom-dwelling fish, running as high as 56% in some samples. Thisis evidence that elevated
levels of toxics are present in the river environment and are entering the food chain.

* GENERAL STRATEGY AND PHASED APPROACH FOR MANAGEMENT

Watershed restoration must not be thought of as restoring to historic conditions. It must thought
of as areintroduction of watershed “riparian systems’. In many instances thiswill trandate into
the reconstruction of urban infrastructure and the construction of new parks and open space areas
to form new “green” infrastructures. It could reach a condition where it is still mostly filled with
the muds of the past centuries, but where the uppermost layers, where animal and plant life dwell
and obtain food, are clean and healthy.

Millions of gallons ayear of fresh water enter the watershed and river through rainfall. The new
sediments flushing into the river each year, if no longer contaminated on their journey, could
lead to the river’s eventual recovery. However, to achieve the goals of restoration in atimely
fashion, active remedial actions will be required to manage the contaminants flowing into the
river. The general strategy for watershed management is:

» ldentify for elimination major contaminant sources that are impairing the watershed.
* ldentify applicable, relevant and appropriate regulations.

Xiii
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* With the aid of analytica data, the TAM-WASP computer model and the CSM,
prioritize sources in terms of significance of contribution to impairment.

* ldentify and evaluate aternative strategies to address contaminant sources or
pathways and conduct an alternatives analysis for the most effective strategy that
minimizes net risk. Ensure that selected aternatives are consistent with overal
strategy for the watershed management plan, both spatially and temporally.

» Develop a schedule and sequence of phased actions based on the alternatives analysis,
which build on and expand the stormwater retrofitting, stream restortation, wetland
creation and riparian reforestation activities of the AWRC and it’ s effiliates.

» Work with appropriate parties and stakeholders to manage upgrade actions.

» Monitor response of the watershed to each phase of action; refine the conceptual site
model, and revise the next phased action as appropriate.

In 1998, EPA issued the Contaminant Sediment Management Strategy to promote the use of
consistent sediment assessment practices, consistent consideration of risks, consistent risk
management. The management strategy encouraged the use of resources for implementing
regulatory requirements, as well as for research and technology development with respect to
contaminated sediment. In 2002, EPA issued eleven management principles for contaminated
sediment management. The approach outlined in this document is consistent with current
guidance and the approaches being developed by regulatory and stakeholder groups focusing on
contaminated sediment issues.

« ESTIMATED COSTSTO IMPLEMENT THE REMEDIATION MANAGEMENT
STRATEGY

Total projected costs to monitor and restore the Anacostia River to its beneficial use are
approximately $212 Million. This amount includes, in part, remediation of hot spots, addressing
contaminated outfalls and tributaries discharging into the river, monitor tributaries to identify
sources of contaminants entering the Anacostia, conducting investigations to identify ongoing
releases, enhanced trash removal operations, construction of storm water management practices
and stream restoration projects to reduce contaminant and sediment loadings to the river, develop
new watershed education and outreach programs designed to reduce pollutant loadings at or near
their source, and continue to monitor both the river and the watershed to determine the
effectiveness of the remediation efforts. It does not include the cost of major sewer upgradesin
the three jurisdictions. This phased approach, with watershed-wide upgrades to reduce loadings,
followed by careful monitoring of the river’s responses to these improvements, should save
money by significantly reducing the number and magnitude of cleanup actions required to render
theriver as a safe and useful community asset.

Xiv
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A summary of currently planned phased activitiesis given below. Monitoring activities will be
tailored to specific objectives and may include chemical, physical or biological monitoring for
indicator parameters.

* Conduct Human Health and Ecological Risk Assessment -2003

» Characterize contaminants and monitor storm flow of Combined Sewer Overflows
(CSO) -2003

» Continued implementation of L1D activities -2003-2008

* Monitor groundwater contaminant plume contribution to the river environment -
2003-2004

» Conduct feasibility studies of Sediment remediation alternatives -2003-2007

* Implement Capping Pilot Demonstration and monitor for effectiveness -2003-2007

» Prioritize watershed remedial activities -2004 and on

e Implement pilot for CSO loading control (Engineered Treatment Wetlands) and
monitor -2004-2005

* Implement feasibility studies of tributary sources and monitor -2005-2007

* Monitor environmental quality response to corrective measures, refine CSM and
refine remedial strategies -2005-2010

» Construct Engineered Treatment Wetlands and monitor -2005 -2006

* Implement sediment remedial strategies and monitor -2005-2010

» Evauate actions and discontinue monitoring if goals have been achieved or trends
indicate success

These efforts are consistent with goals developed by AWTA and AWRC for the restoration of
the Anacostia watershed, and are one of several key initiatives being planned that would
collectively lead to the cleanup of the river and its restoration as an asset and source of pride to
the community.

XV
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1 Introduction

1.1 OVERVIEW

This document presents atoxic chemical management strategy for the AnacostiaRiver. Itis
based upon the 3-phased approach of the Anacostia Watershed Toxics Alliance (AWTA) and
their synergy with the broader goals of the Anacostia Watershed Restoration Committee
(AWRC). The document presents a holistic approach and projected costs for managing the toxic
condition of the river. The approach provides for control of on-going sources of toxics aswell as
remediation for past releases. The goa isto restore the Anacostia River to a condition where it
supports designated human uses and provides for ecological integrity.

Over the centuries, the Anacostia has undergone many changes due to the presence of manin its
watershed. Some of these changes are irreversible physical alterations, while others are
reversible impacts. These combined changes result in the depressed, degraded biological
conditions observed in the river today. The river can never be returned to a condition or state
close to what it would be today without man’sinfluence. But it can and must be made safe and
healthy again. With commitment, the Anacostia can once again be restored to functioning
ecosystem and contribute to the economic viability and the quality of life in the surrounding
communities. Improvements have been made to the Anacostia River and efforts are continuing.

The Anacostia River has been designated one of three high priority Regions Of Concern within
the Chesapeake Bay Region by the Chesapeake Bay Program, partly due to the extent of
sediment contamination. The District of Columbia, in consultation with the Agency for Toxic
Substances and Disease Registry (ATSDR), declared several fish consumption health advisories
in the 1990s with restrictions on bottom-feeding species and game fish. Also a fish consumption
ban for pregnant women and children has been issued. Liver tumor prevalence in bottom-
dwelling brown bullheads is as high as has been reported in contaminated areas of the Gresat
Lakes. Theselesions appear to result from exposure to carcinogens in the sediments. The
strongest evidence for a specific class of chemicals has causative agents exists for PAHs. These
examples illustrate the magnitude of the issues facing theriver.

The ongoing discharge of pollutants to the river needs to be characterized and managed. There
are several approaches recommended for reducing discharges to the river. Some are for point
sources, while others are for non-point sources. Some are interim measures, while others are
long-term. Some are aimed at intercepting what continues to be transported to the river just prior
to discharge, while others are aimed at controlling migration throughout the watershed. Plans
already exist to greatly modify the overflowing combined sewer systemsto provide sufficient
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volume to capture, store, and treat the water from major rainstorms prior to entering the river.
Large facilities that are pollutant sources must be willing to reduce their contaminant loads
below regulatory standards to meet risk based standards consistent with watershed restoration
goals. Contaminants and trash need to be removed from streets and parking lots before they are
washed into the river. Storm waters from our streets and parking lots need to be diverted through
filtering beds or basins and wetland treatment facilities, to remove oil, grease, and other urban
pollutants before entering the river. The local population must take greater responsibility through
careful handling of hazardous substances and recycling.

Costs associated with the remediation of contaminated sediments of the Anacostia River are
expected to be beyond the means of any single group or organization. Nor can any one remedy
accomplish the process of restoring the Anacostia River. It will take a combination of efforts,
directed at many different sources, to affect the river's recovery, with remediation of
contaminated sediment as just one of the critical elementsin this process. For this reason, all
available avenues will be pursued in order to secure resources necessary to implement a
permanent sediment restoration strategy for the Anacostia River. The remedial actions proposed
in this strategy are not final: detailed analysis of remedial alternatives will be conducted as part
of planning for each action. Appropriate actions will then be chosen based upon a number of
factors, including protectiveness, effectiveness, cost, and public acceptance.

The Anacostia can recover, not to its original condition before human intervention, but to a new,
healthy condition. It could reach a condition whereit is still filled with the muds of the past
centuries, but where the uppermost layers once again provide clean, healthy habitat for animal
and plant life. Achieving this healthy condition will take years of hard work and significant
resources.

A monitoring program, timed in phases, will be designed taking into account the planned
improvements and recovery processes. Signs of ultimate recovery will be tracked, but early and
intermediate indicators of progress will also be measured and recorded. The monitoring program
for river toxicsis designed to capitalize on other existing and planned monitoring programs
intended for related but different purposes.

Measurable indicators of river recovery fal into different categories, in terms of the speed at
which meaningful changes can be measured. The fastest will be the physical improvements,
constructed facilities, and upgrades in the watershed, such as CSO upgrades, construction of
filtering wetlands, and elimination of other point discharges and active hot spots. These
improvements can be directly observed. Direct assessment of their efficacy can and should be
observed as part of their construction and installation process as well. Asimprovements are
made to these systems, the benefit to overall water quality should be verifiable by direct
sampling.

The second-fastest-responding indicators should be direct water quality samplings of major

sources, such as dissolved and particulate inputs from certain tributaries and point discharges to

the river, such as storm sewer outfalls. Observation of improvements in water quality within the
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main branch and major tributaries may lag however, as the level of control throughout the
watershed increases. Some biological observations can serve as indicators of very rapid response
to general water quality improvements as well.

The slowest indicators may be the river sediments themselves and biological receptors. These
indicators include:

» The appearance of aclean layer of solids on top of the sediment column,
» There-colonization and diversity of the community of creatures that dwell in sediments,
» The contamination levelsin their tissues, and

* The health, contaminant tissue residues, and exposure indicators of fish and wildlife
receptors.

These represent indicators that will respond directly to improvements. However, these
parameters will respond on varying time-scales.

Reports on the progress and success of the toxics management effort will be issues on a periodic
basis. In addition, refinements on the understanding of dynamic processesin theriver (i.e. the
conceptual model) and the remediation strategy will be made as additional information becomes
available.

1.2 BACKGROUND INFORMATION

The Anacostia River (Figure 1) isatributary of the Potomac River, which in turn flowsinto the
Chesapeake Bay. The Anacostia River begins at the confluence of the Northwest and Northeast
branches at Bladensburg, Maryland and runs less than nine milesto its confluence with the
Potomac River in Washington DC. Theriver is completely freshwater, but tidally influenced
throughout its entire run. The river’ s watershed drains a predominately urban area that
encompasses 456 km? in Maryland and the District of Columbia.

Decades of industrial and urban activities throughout the watershed have increasingly degraded
the river and caused the substantial loss of tidal fringe wetlands and marshes. Today, only about
five percent of the original tidal wetlands remain in the Anacostia. Because of these impacts, the
river can no longer filter substances and isasink for contaminants. Development has greatly
stressed the river’ s ecosystem and elevated the levels of hazardous substances present, negatively
affecting the delicate balance of life in and around the river. Elevated concentrations of
hazardous substances, including polychlorinated biphenyls (PCBSs), polynuclear aromatic
hydrocarbons (PAHS), lead and other trace elements, and pesticides are al present in sediment
throughout the river, posing arisk to aquatic organisms and to humans. Bioaccumul ation of
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PCBs in fish tissues means that people may be at risk if they eat fish from the Anacostia River.
With the increased bioavailability of contaminantsin the river’sfood chains, habitats of species
critical to the survival of the Anacostia River’s ecosystem are in jeopardy.
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Figurel: Anacostia River water shed showing subwater shed divisions and major tributaries.
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Most of the physical change in the Anacostiainvolves the relocation of soils and sediments.
Wetlands were intentionally filled with sediment dredged from the river channel. Even portions
of the entire river course were relocated from their historical locations. After the arrival of
humans, forest clearing, tilling, and development have greatly accelerated the rate at which
sediment and water moved into the river. These material changes can be slowed by enlightened
development and responsible land-use practices, but the river can never be put back, physically,
the way it was or might have been. However, we can restore the biological integrity of the river
inits current form.

Although chemical “pollution” makes up only one factor of the total changesin the Anacostia
River, this factor makes much of the river harmful to fish and other wildlife. We must eliminate
the pollution that causes toxicity so that we can restore the biological integrity of the river and
make it swimmable and fishable again. While much of the historical pollution in the river was
from direct “dumping” of solid and liquid wastes before most of the current environmental
regulation werein place, the current problem isaresult of pollution of water some distance from
the river, which then flows to the river. Unseen, but no less significant, is the migration of
potentially contaminated groundwater to the surface water body. The polluted water and solids
flow to the river mainly through tributary streams and sewers. The pollution process is not
limited to just along the river, but has occurred throughout the entire watershed. In this regard,
the River serves as a gathering point or sink for what occurs throughout the watershed.

Pollution generally began in earnest at the turn of the past century, perhaps reaching a peak
during and after the WWII era. Some pollution likely began tapering off with the environmental
enlightenment and regulation in the 70s and 80s. As layer after layer of sediments settled on the
river bottom, bands of contamination were left behind. One advantage is that although sediment
contamination is many feet deep, fish and other wildlife live in and are exposed to only the top
few inches of sediments. So, only asmall fraction of the total pollutants are causing the current
harm. But since the top few inches of sedimentsin the Anacostia are presently contaminated, the
creatures that can survive serve as a pathway for exposure to fish and other predators. Evenif all
ongoing sources of pollution are eliminated, the repository of contamination present in the
sediments of the river could serve as a secondary source of pollutants that needs to be addressed.

Although some pollution may have tapered off, more widespread urban pollution has not.
Smaller active and abandoned business sites, private properties, streets, and highways continue
to release pollutants. Development has expanded beyond the capacity for aging, “ combined”
sewer systems, allowing some urban pollution and sewage to bypass treatment plants during
even modest rain events. Storm waters carry pollutants washed from streets and parking lots
directly to theriver. Natural, filtering wetlands and buffer zones, which once lined the river, have
been eliminated, so urban pollution flows unimpeded from the watershed to the river. The result
isthat the newest, uppermost layers of sediments are hardly better than those laid down 30 or 40
years ago. While the physical appearance of the river may have improved, the bottom sediments

have not recovered and will not until these present, on-going sources are curtailed.
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The main causes of toxicity in the river are chemicals widespread in the environment.
Polynuclear aromatic hydrocarbons or PAHs are present in most common petroleum products,
such as oils and greases, and as by-products from combustion. Poor management of these
materials, so common in modern society and so concentrated in an urban environment, leads to
ongoing pollution of the river. PCBs were in widespread use for avariety of purposesin the
watershed, such asinsulating oilsin electrical transmission equipment and hydraulic fluids. Even
theinks used in early carbonless papers contained PCBs. PCBs are highly persistent once in the
environment, and they have yet to be completely eliminated in the Anacostia watershed.

Thereisan advisory in effect against eating fish from the Anacostia due to their concentrations
of PCBs and pesticides. Tumors are also very common in bottom-dwelling fish. This situation is
unacceptable, and it is evident that elevated levels of toxics are present in the river environment
and are moving to the fish.

1.3 Management Philosophy

To be able to effectively assess and manage contaminated sediments requires an understanding
of both the Anacostia watershed and the river’s dynamics. Thisincludes an understanding of the
hundreds of point and nonpoint sources; distributions of contaminants; fate and transport
properties, including sediment transport and depositional patterns; and human and ecological
resource use. Thisis an extensive effort, which is outside the requirements and fiscal resources
of any single party

Several groups, including members of AWRC and AWTA, are working hard to restore the river.
In order to accomplish this task, many parties are evaluating various aspects of the problems
affecting theriver (e.g., total maximum daily loadings, combined sewer overflow releases, and
trash removal) and devel oping restoration plans, including Brownfields redevel opment. While
some other rivers are being addressed nationally under Superfund, the work being done hereis
unique and well beyond normal operating procedures as defined in CERCLA and the NCP. The
hazardous contaminants of the Anacostia watershed are being investigated, not by Superfund or
potentially responsible parties, but by public and private volunteer stakeholders who are
cooperatively performing this work without the issuance of any Administrative or Consent
Order.

Voluntary pooling of resources to address an entire watershed’ s severe toxic contamination
problems had not been done before. This effort is truly remarkable because of the lack of
existing policy or guidance; the collective partnering approach that AWRC and AWTA took to
jointly issue this document; the voluntary sharing of resources by stakeholders; and the
innovative investigative methods employed by AWTA to fill in the data gaps. The participating
volunteer member organizations comprise federal regulatory and resource agencies, state and
local environmental agencies, industry, academia, and the public.

By pooling available fiscal and technical resources, AWRC and AWTA have successfully
devel oped a watershed-based approach. The approach outlined in this document is consistent
7

A-22



with current guidance, such as EPA’ s 1998 Contaminant Sediment Management Strategy, and
approaches devel oped by regulatory and non-regulatory groups focusing on contaminated
sediment issues. This strategy was developed to complement and supplement existing efforts. It
was a so developed to work with, utilize, and assist existing regulatory programs and authorities.
Finally, it has adopted the goal of returning the river to a swimmable and fishable condition.

1.4 1987-2001 Anacostia Watershed Restoration Activities and Progress

Before the 1987 Anacostia Watershed Restoration Agreement was signed, much of the regional
environmental concern and focus was on the larger, ailing Potomac River. However, in the years
since, local, state, regional, and Federal government agencies, as well as environmental
organizations, businesses, and dedicated citizens have made aincreasingly concerted and
focused effort to protect and restore the Anacostia watershed.

Over the past 15 years, actions taken by the AWRC, AWTA, their affiliated organizations,
environmental and business groups, and numerous individual citizens have resulted in substantial
restoration progress. To date, members of AWRC and AWTA plus others have identified
opportunities for over 700 storm water retrofit, wetland creation, stream restoration, riparian
restoration, combined sewer overflow (CSO) abatement, trash and toxics reduction, and other
restoration-related projects designed to correct environmental problems and enhance overall
ecosystem quality. Of these projects, approximately one-third have either been completed or are
in progress. Since 1987, roughly $35 million has been spent on restoration project
implementation, with approximately $30 million additional spent on land acquisition, planning,
monitoring, engineering, design, and maintenance. Further, $65 million has been spent on
engineering controls designed to reduce the impacts of CSOs on the tidal river and of leaking,
aging sewer lines on the tributary streams.

Injust the last few years, members of AWTA, such as Washington Navy Y ard, National Park
Service, Washington Gas Light, and the General Services Administration, have been effectively
cleaning up their sites, thereby reducing the flow of contaminantsto the river. They have
repaired over 6.5 miles of leaking storm sewers, constructed four sand filters to reduce trash and
contaminant flow to the river, built protective covers over 30 acres to reduce contaminate
migration, and removed over 7,000 gallons of coal tar, 20,000 gallons of petroleum, and 25
pounds of mercury. In addition, members have also abated over 27,000 tons of contaminated soil
and 1 million gallons of surface and groundwater.

There are three special appropriations from Congress signaling the beginning of cleanup of the
river's sediment under AWTA’s Phase |11 plan (A discussion of the 3 Phased Approach is
included in the following section). The Anacostia Park East |egislation will increase the number
of wetland acres present in the watershed by about 20%. This action will provide some filtration
and degradation of contaminated particulates, but will also further help to preserve important
food chains and habitats critical to the Anacostia River’s ecosystem.
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The second appropriation initiates aPhase |11 LID effort. This action will demonstrate the
effectiveness of LID to detain and cleanse a storm’ sfirst flush. Based upon studies from other
watersheds, detaining the first flush of rain - about an inch or less- can significantly reduce the
toxics loading to theriver.

The third appropriation is funding a sediment reactive-capping project being developed by
EPA’ s Hazardous Substance Research Center (HSRC). The use of reactive caps over
contaminated sediment in the Anacostiais intended to reduce contaminant levels and retard
migration while final remedial actions are being implemented.

1.5 AWTA 3-Phased Approach

Although numerous chemical investigations had been conducted in the river over the years, they
had not been collected or analyzed in a coordinated manner sufficient for a detailed evaluation of
risk, nor for evaluating remediation. AWTA was formed in 1999, to some degree, in response to
this situation. During itsfirst year, AWTA drafted its three-phase approach, and completed the
Phase | activity.

The Phase | assessment involved collecting, organizing, and summarizing al relevant existing
data on the Anacostia River that could be used for characterizing contamination, developing a
preliminary watershed conceptual model, and assessing potential risk to humans and ecol ogical
receptors (SRC and NOAA 2000).

Screening for human health risk was conducted using conservative assumptions, which would
eliminate contaminants that do not pose risk under worst-case scenarios. This conservative
approach compared maximum concentrations in sediment, surface water, and fish tissue to risk-
based benchmarks. Results identified 39 contaminants of potential concern (COPCs) in fish
tissue. The primary chemical classesidentified in fish tissue were dioxins and furans, pesticides,
PCBs, and trace elements, including arsenic, cadmium, lead, and mercury. COPCs in sediment
were arsenic, PCBs, and four PAH compounds. Arsenic, PCBs, and heptachlor, DDE, and DDT
were identified as COPCs in surface water. Because of data limitations, significant information
gaps, such as fishing and recreational use throughout the river, were noted.

A screening of potential risk to ecological receptors was also conducted using highly
conservative assumptions that tend to eliminate contaminants that do not pose risk even under
even worst-case scenarios. Risk for aquatic organisms and wildlife, grouped into categories
called ecological receptors, were estimated for aquatic birds, aguatic mammals, fish, and benthic
invertebrates. The benthic, or bottom-dwelling, invertebrates are considered key elements of the
food chain necessary for supporting other organisms. Results indicate that sediment levels of
chromium, lead, mercury, nickel, zinc, PAHs, PCBs, and several pesticides are sufficiently
elevated in certain locations to be toxic to benthic invertebrates, and that sediment PAH
concentrations are high enough to pose arisk to fish. Also, concentrations of PCBsin fish tissue
may be high enough to impair reproductive success. Using very conservative approaches, the
risk posed to aguatic birds or mammals does not appear to be significant. Given the large
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uncertainty associated with these conservative estimates, firm conclusions regarding the actual

risk posed were not possible.

By the end of itsfirst year and based upon results from Phase |, AWTA had identified the mg
gapsin information that would be required to formulate management decisions and initiated
Phase |1 by drafting a scope of work to conduct field studiesto fill these critical information
needs. Some of these included:

» Spatial and temporal profiles of chemical concentrations in the sediment and water column;

» Data on chemical inputs from major point and nonpoint sources to support quantitative
models of loadings to theriver;

»  Greater understanding of hydrodynamics and sediment transport to model spatial contaminant
concentration profiles and identify high impact areas; and

» A finer-scale spatia characterization of ecological exposure and effects.

During its second year, AWTA secured funding for Phase Il and implemented many of the
studies that were necessary to develop management plans. Table 1 lists Phase |1 field
investigations that have been completed or are underway.

Table 1. Field investigations and status of Phase Il Studies.

CONCEPTUAL MODEL
COMPONENT TYPE OF DATA PROPOSED OR COLLECTED INVESTIGATOR STATUS

Contaminant Inputs

Ground water? Groundwater discharge rates and PAH | SPAWAR Report submitted
concentrations in pore water at six
locations

Storm water effluent® | Storm drain sampling of contaminants | MWCOG Will begin 2002
during base flow and storm water
events

Modeled inputs Mass balance model to estimate ICPRB Preliminary results
sediment and metal loads to the tidal available
river

Fate and Transport

Hydrodynamics® Bathymetry, tidal mixing, current SPAWAR Report submitted
velocities, circulation, flushing time
Contaminant transport, mixing, and Limno-Tech Report submitted
dispersion
Sediment trend Grain size analysis to determine areas | GeoSea Report submitted
analysis of erosion, stability, and deposition Consulting,
Inc.
Modeled fate and Mass balance model of ICPRB Preliminary results
transport hydrodynamics, sediment, and metals available

transport in the tidal river

Nature and Extent of Contamination

Sediment Field screening for contaminants SPAWAR Report submitted
Definitive sampling for contaminants ANS Report submitted
10
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Surface water Field screening for contaminants SPAWAR Report submitted

Definitive sampling for contaminants ANS Partial data
Velinsky submission

Ecological Risk Exposure Pathways and Effects

Benthic community Benthic community analyses and USFWS, UDC | Report submitted
exposure and effects | bioassays
Fish exposure and Tumor prevalence in brown bullheads USFWS Report submitted
effects
Early life stage water toxicity tests USFWS Report submitted
In situ bioaccumulation measurements | USFWS Report submitted

% Data from these investigations will be incorporated into the mass balance modeling.

With work on Phase Il nearly complete, key information gaps have been filled. Several major
advancements in understanding were realized:

* River bathymetry was updated and existing river morphology was corrected. Some
significant differences in river volume were noted over previous calculations.

» The first river-wide investigation of sediment transport and dynamics was conducted.
Analysis from over 600 samples confirmed general downstream transport of sediment with
settling in the lower river, but also indicated the small scale variations in dynamics, the influx
of sediment from multiple sources, and the extent of influx of sediment from the Potomac
River.

» The most comprehensive characterization of sediment contamination was conducted through
two separate surveys, encompassing the entire river, with over 100 samples each.

» Thefirst synoptic, river-wide survey of general water quality was conducted.

Results from these studies and the information gained are being used to refine the Conceptual
Site Model (CSM), presented as an appendix to this document, and as a basis for the
Management Strategy which begins AWTA’s Phase |l efforts.

Under Phase I11, the AWTA/AWRC partnership will continue to develop and implement an
overall remediation strategy that deals with the watershed as a whole, using a mix of short- and
long-term actions as appropriate to achieve mutual restoration goals by 2011. AWTA will
coordinate with the appropriate regulatory agencies to assist with incorporating point and
nonpoint source assessments and source control into their programs. It will be the financial
responsibility of each generator to address specific regulatory requirements. As these efforts
proceed, they will:

* ldentify, where practicable, current and historical sources;

*  Comply with the CERCLA process, consistent with the 11 principles of EPA’s
Contaminated Sediment Management philosophy, when preparing for and
implementing any cleanup action;

* Prepare decision documents outlining remedies necessary to address unacceptable
risk situations;

» Solicit peer and public input into the process,
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» Coordinate with appropriate authorities of findings for matters not Superfund-related;

and,
* ldentify resource requirements and develop a strategy to acquire funding and take
appropriate actions to remediate negative impacts to sediment in the Anacostia

Watershed.
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2 Summary of the Conceptual Site Model

A conceptual site model (CSM) is a basic description of how contaminants enter a system, how
they are transported around the system, and how the routes of exposure to organisms and humans
occur. As such, it provides an essential framework for assessing risks from contaminants,
determining unacceptabl e risks and the factors associated with such risks, developing remedial
strategies, and determining source control requirements. Appendix A describes the current CSM
for the Anacostiain detail. The conceptual model is dynamic, subject to refinement as additional
dataisobtained. Hot spot locations in this document are presented for geographical
representation and are not meant to imply the specific sources of contaminants. Additional
locations may be identified in the future. A highlight of maor elements from the CSM is
presented here.

Because of the complex interplay between the biological and physicochemical compartments of
an ecosystem, CSM models that attempt to address every nuance and answer every scientific
guestion can become quite complex. However, a CSM can rely on reasonable assumptions to
arrive at more simplified view that is still an adequate tool for meeting objectives. More
generalized results tend to be associated with broader uncertainties however. A CSM can adso
help identify key information gaps. When quantitative components of CSM’ s are devel oped and
calibrated [such as the Tidal Anacostia Model (TAM)/Water quality Analysis Simulation
Program (WASP)], they can also provide predictive capability that allows evaluation of various
remedial options. The AWTA Phase | report introduced various CSM components for the
Anacostia River, which helped guide the identification data gaps for Phase 1. This report refines
the CSM using available data from Phase || and other sources. A conceptual site model should
be dynamic and incorporate new information as it becomes available. Much of the data collected
under Phase Il are in preliminary phases of analysis and have not yet been fully incorporated into
adetailed model.

The major dynamic processes that affect contaminant fate in an urban river such as the Anacostia
areillustrated in Figure 2. The primary routes for contaminants to enter any reach of theriver are
through surface water inputs (dissolved and/or suspended particulate form), groundwater, or
sediment transport into that reach from another portion of theriver. There are two main types of
surface water inputs. either movement within the river from adjacent reaches (up- or downstream
in the case of the Anacostia) or direct inputs to that reach from outside sources, such as
tributaries, outfalls, wastewater treatment plants, permitted discharge facilities, other non-
permitted sources.

Once within the river, contaminants are transported in surface water according to tidal
movement, river flow and circulation, and dispersion. Because the primary contaminants of
concern within the Anacostia are hydrophobic, sediment dynamics are a key element to
understanding contaminant distribution. Important sediment fate and transport processes are bed
load transport or deposition, sediment burial, and resuspension into the water column.
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These are the major physical process that determine contaminant distribution. A CSM must also
address the biological elements that determine the levels of pollutants to which animals and
humans are exposed. It isjust as critical to know the magjor routes of pollutant uptake into biota
and the general structure of food webs. This knowledge helps us to identify the ecological
components that may be at greatest risk from exposure to contaminants.
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Figure2: Schematic representation of the conceptual site model for the Anacostia River showing
potential routesfor contaminant mobility and fate.
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The Anacostia River is generally shallow: less than a meter to two meters deep from
Bladensburg to about the 12" Street Bridge, and three to six meters deep from the 12"
Street Bridge to the river mouth. Water flow in the river, particularly during base flow
conditions, is dominated by tides. Water levels change as a standing tidal wave, meaning
that water levelsrise and fall nearly simultaneously throughout the entire river. Current
velocities are determined by changes in the river’ s cross-section and the tidal prism
volume toward the head of theriver, and are primarily directed along the axis of the
channel and are relatively homogeneous throughout the water column. Maximum current
velocities (30 cm/s) are relatively low and occur in the vicinity of the Railroad Bridge;
velocities elsewhere are much lower. The water column is generally well-mixed, with
little horizontal or vertical variation, although some vertical stratification in the lower
river may occur after a storm event. The flushing time of the river is estimated to be
between 23-28 days. A previous estimate of a 35-day flushing time (Scatena, 1986) was
considered inaccurate because of an outdated river volume estimate.

The NE/NW (Northeast/Northwest) Branches account for about 60 to 70 percent of the
river flow. Non-gauged flows include storm water sheet flow, CSOs, and/or groundwater.
Water is entering into the groundwater system in the lower Anacostia tidal watershed
through natural recharge in grassy, wooded, or otherwise unpaved areas, as well as
through leaky infrastructure such as water and sewer lines. Therefore, it is either
accumulating somewhere (change in storage), or it is discharging somewhere. This
discharge will be to one of the two large bodies of water in the area (the Anacostia or
Potomac Rivers), to local production wells (relatively less likely), to dewatering wells
(possible), or to far away areas that draw on the regional groundwater system that
outcrops or subcropsin the study area. Although some groundwater may be drawn out of
the system by wells, much of the groundwater in areas close to the Anacostia River will
eventually discharge to theriver or tributaries.

With thisin mind, the main information that needs to be determined is“How much
groundwater is flowing into the Anacostia, how fast isit flowing, isit contaminated, and
if it is, does contamination from groundwater represent a large or asmall threat to the
river?” The answer to these questionsis unclear at thistime. Several localized
groundwater studies have been done, and a model to determine the shallow groundwater
flux to thetidal Anacostia River was done for DC DOH (Logan 1999). The TAM/WASP
model described in this document also includes an estimate of groundwater flux. There
are uncertaintiesin both models. In addition, there are locations in the tidal watershed
where groundwater contamination is suspected of having an impact on the overall
contaminant load of the Anacostia River due to the proximity of potential contaminant
sources or to the presence of contaminant “hot spots’ within the river channel. Assuming
that there are at |east localized areas with contaminated groundwater, it isimportant to
determine how prevalent the contaminated areas are, and if they will have an effect (local
or regional) on theriver.

Analyses from water samples at the NE/NW Branches confirm downstream migration
and discharge into the river of both aqueous and particulate contaminants. Other
tributaries, such as Hickey Run, Pope Branch, Fort Dupont Creek, Stickfoot Creek, etc.,
are al'so known to contribute contaminants to the Anacostia, however datafor the
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loadings are currently not available. (Thisisasignificant data gap which isbeing
addressed by AWTA.) There are no combined sewers discharging into the NW or NE
Branches. However, there are approximately 30 storm sewers and 17 combined sewers
discharging directly into the Anacostia River (MWCOG 1997). A model constructed by
the DC Water and Sewer Authority (WASA) predicted that over 93 percent of the CSO
flow volume was contributed by the two CSO systems at Main and O Street and at
Northeast Boundary. Although more than half of the Northeast Boundary total flow goes
through a swirl concentrator, but that facility is not currently at full treatment efficiency
dueto disrepair. Observations of concentrations of many trace metals increasing after
storm events, with the most substantial increases occurring after rainfall greater than 0.6
inches over a 24-hr period, reinforce the impact of stormwater on the chemical water
quality of the Anacostia.

Deployment of clams and semi-permeable membrane devices (SPMDs) in the NE and
NW Branches, and at seven other locations in the Anacostia verify that there is both an
agueous and particulate contaminant load of PCBs, PAHS, and pesticidesthat is
bioavailable. Limited toxicity testsfor survival and growth in larval fish also confirm
that toxic conditions can exist . One high flow test showed diminished survival at two
locations (Bladensburg and Kenilworth Marsh) compared to survival at the control and
two remaining locations (CSX Railroad Bridge and James Creek). Growth was also
lowest at the Bladensburg and Kenilworth Marsh locations.

Over the last two hundred and fifty years, agreat deal of sediments have washed into the
AnacostiaRiver. A very detailed account of the history of the town of Bladensburg based
on abook by George D. Denny, Jr. states that when the town was founded in 1742 it was
“athriving port with a depth of 40 feet of water in theriver ... By 1800, the shipping
lane to and from the port of Bladensburg had begun to fill with silt, making passage by
large shipsimpossible. The problem worsened over the next few decades, such that
Bladensburg as a port became athing of the past.” The huge volume of sediments that
began to fill in the river also posed major problems for shipping downstream. According
to historical records from the U.S. Army Corps of Engineers, for many years Congress
was petitioned for funds for navigational dredging to provide ships safe access to the
Washington Navy Y ard. The deposition, contamination and relocation of these
contaminated sediments by the placement of dredge spoils along the shoreline have
largely contributed to the toxic sediment problems in the river today

As noted earlier, the primary contaminants of concern within the Anacostia are
hydrophobic, therefore sediment dynamics are a key element to understanding
contaminant distribution in the river. Sedimentsin the river channel are moved by
baseflow, storm events, and tides. The following discussion pertains to general sediment
transport trends. Sediments in the Anacostia vary from gravelly sand in the upstream
portions of the river, to mainly mud in the lower reaches. The NW and NE Branches
appear to be predominant sediment sources, though there are secondary sources which
have localized effects. As the two major tributaries meet, coarser material settles out and
is deposited in an accretion zone in the vicinity of Bladensburg Marina. The current here
is unable to transport coarser sediments, so only the fines are transported downstream.
Downstream from here, coarser sediments are found only locally where smaller streams
and outfalls enter.

17

A-32



From Bladensburg to the Railway Lift Bridge, sediments, particularly the fines, move
through the system much like a conveyer belt. The higher flow velocities and shallower
depthsin this region appear to cause resuspension of sediment, as reflected in high Total
Suspended Solids (TSS) in surface water. Between the Railway Lift Bridge and the 12"
Street Bridge, the “conveyer-belt” transport zone merges with a deposition zone, which
then becomes a zone of Total Deposition below the 12" Street Bridge. Thisisalso an
areawhere the river widens and the depth increases, alowing the currents to slow and
sediment fines to settle.

The lower reaches of theriver are completely depositional. About 1.5 km upstream from
the mouth of the river, a downstream depositional transport regime is met by an upstream
transport regime at the deepest point in the river. The sediments moving upstream are
most likely driven by tidal currents and include particulates from the Potomac River.

TSS concentrations varies with tide height. A decrease in TSS concentrations at high tide,
slack water suggests that some of the material may be depositing out at these low flow
conditions. Preliminary calibration of the updated TAM/WASP model for sediment
transport indicates that 90 percent of sediment stays within the tidal Anacostia, and that
the current rate of sediment deposition is 1.4 cm/year.

The sedimentary record of contamination, as atemporal integrator of inputs, can help to
identify, and prioritize, apparent loading sources to the river. Concentrations of
contaminants in sediment can also be used to derive estimates of the potential for adverse
biological conditions.

Based on a comparison to Threshold Effects Level (TEL) and Probable Effects Level
(PEL) sediment quality guidelines, the Phase | screening-level ecological risk assessment
indicated that risk may be posed to benthic invertebrates from exposure to metals, PAHSs,
PCBs, and several pesticides in sediment. Elevated concentrations of PAHs in sediment
may pose athreat to bottom-feeding fish based on comparison to a sediment quality
threshold of 2 mg/kg. The screening level Ecological Risk Assessment (ERA) found that
PCBs, pesticides, and lead were present in fish tissue at concentrations that may
adversely affect fish. Also, risk to birds and mammals were estimated to not be at lower
risk.

Recent chemical analyses results from the extensive Phase Il surveys (almost 250
samples) of sediment samples confirm that contamination of the river is widespread, but
that areas of relatively greater contamination of the river represent a small portion of the
river (about 5%) and are primarily oriented to depositional areas of the lower half of the
river (below Kingman Lake), plus some additional, isolated locales of the river where
sediment is being deposited. The results of are consistent with what has been observed
previously in more limited studies and with the results of screening risk assessments, and
also confirm that the primary contaminants of concern (CoCs) are two classes of
chemicals- PCBs and PAHs. Metals are of lesser concern.

Consistent with predictions based upon sediment chemistry, the benthic community of
the Anacostiais essentially depauparate with low diversity, low abundance, and
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dominance by pollution tolerant worms. Note that in some areas of the river, anoxic (low
to non-oxygenated) conditions may be responsible for some of these findings. Only a
limited number of sediment samples have been subjected to laboratory testing for
toxicity, however, chronic impacts to growth of invertebrates in samples from the station
in the vicinity of the O Street/Southeast Federal Center (SEFC)/Washington Navy Y ard
(WNY) area have been observed. Re-testing of sediment from this area suggest that
toxicity is due primarily to organic contaminants. These observations are consistent with
predictions based on the sediment trend analysis. contaminants are more likely to be
observed in the lower portions of the river where sediments are fine-grained. It isalso
expected that contamination from upstream and localized sources should be dispersed
along the mobile transport path in the mid-reaches of the river and “hot spots’ from
localized sources would mainly be found in the depositional parts of the river.

A screening-level risk assessment indicated that eating contaminated fish is the primary
pathway for human exposure, although other pathways may be present asidentified in the
Phase | report. See Appendix A for more detail. The primary ecological receptors at risk
within the river are benthic organisms and fish. Benthic organisms may be exposed from
direct contact with sediment and water or ingestion of particulates. This exposure may
lead to lethal effects, reduce growth, and/or community level effects. Fish may be
exposed from direct contact with sediment and water plus bioaccumulation of
contaminants through the food chain. This exposure may lead to reduced reproductive
capacity and/or tumors which may effect survival and growth. Risks also may exist to
birds and mammals through aquatic food chain exposure. Very conservative assumptions
were used in evaluations of risk to birds and mammals, thus there is considerable
uncertainty as to whether they are actually at risk. A more detailed baseline risk
assessment will be conducted in the future to obtain a better understanding of site specific
exposure and effect relationships. Probabilistic methods may be used to characterize and
manage for uncertainties in the assessment.
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3 Comprehensive Toxics Load Reduction and Sediment
Remediation Strategy

3.1 Strategy Overview

Restoration of the Anacostia, and areturn to fishable and swimmable conditions, will
take time. Although actions to deal with existing contaminated sediment in the river
could begin at any time, there is a need to address the possibility of significant re-
contamination before such actions are taken. Thiswill require either controlling ongoing
sources, or, intercepting releases before their discharge to the river. Achieving the sort of
broad, sweeping control of ongoing sources of pollution will not be accomplished by a
single action. Nor will it be accomplished quickly. To achieve the restoration of the
Anacostia within the desired timeframe, multiple actions will need to be taken along two
tracks:

contamination

The continuing input of contaminants
into the river's headwaters, plus
discharges within the river basin, will
need to be diminished to a level at
which significant exposures to aquatic
life within the river will not occur and
significant ~ re-contamination  of
sediment will be prevented.

Existing  sediment
within the river system, and ongoing
point sources that contribute to
sediment contamination, will need to
be addressed by remedia actions to
reduce on-going exposures to aguatic
resources from contamination already
present within the sediments

These objectives are interrelated, and the success of meeting the restoration objectiveis
obviously dependent on controlling loadings to the river. And the goal of reducing
loadings to the river will depend on agreat number of actions dealing with a great
number of contaminant sources, both point and nonpoint releases. Accordingly, source
control will be best accomplished by applying a broad suite of techniques, such as
stream bank stabilization and Low | mpact Development, designed to reduce pollutant
loadings, to eliminate transport routes of contaminantsin the watershed, and to
intercept contaminants before they are released to theriver.

Because of the breadth of actions that will be required, it is recognized that reductionsin
contaminant loadings throughout the watershed and to the Anacostiawill require several
years. Accordingly, some interim actions will be required so that actions within the river
are not unduly delayed and phased remediation of contaminated sediments can proceed.
In this manner, ongoing injury to aguatic resources and limitations on the use of the river
can be curtailed long before complete source control can be implemented. Thiswill be
necessary to reach restoration goal by 2011. Also, general habitat restoration efforts
throughout the Anacostia watershed would be accelerated and enhanced by
improvements achieved with the river. The strategy presented here also contains
proposals for longer-range, elements to address contaminant loadings well into the future.
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The remediation strategy is dynamic, subject to refinement as additional datais obtained.
Hot spot locations in this document are presented for geographical representation and are
not meant to imply the specific sources of contaminants. Additional locations may be
identified in the future. Known and possible new hot spots will require additional
characterization and evaluation of remedial technologies before implementation.

Although there can be major engineering issues to address during implementation,
conceptually, remediation of contaminated sediment is the more straightforward
proposition of the two major objectives. It has a more manageabl e definition of the
problems and scope, and is largely predicated upon engineering and economic
constraints. Experience at many contaminated sediment sites across the country indicates
that thereis arelatively limited universe of remedial options to choose from. However,
because of the wide variety of contaminant types and contaminant sources, reducing
loadings within a sub-watershed can involve a broader suite of approaches than that for
dealing with contaminated sediments. Each individual situation will require its own
analysis and selection of remedia approaches tailored to the specific conditions
presented. It is also anticipated that within a sub-watershed, no single approach will
accomplish the objective, no matter how small the area. Therefore, this management
strategy presents alarge menu of choices for achieving loadings reductions under the
many situations that may be presented within a sub-watershed.

3.2 Ingtitutional Changes Needed to Accomplish Source Control

Some of the techniques proposed for reduction of toxic loadings within the watershed and
for remediation of sediment in the Anacostia River are relatively new and innovative.
Collectively, they represent alternative approaches for doing stormwater management and
environmental restoration. Education and outreach efforts are building blocks for
institutional change, and critical in helping to reshape public opinion and policies. Both
of these need to be long-term efforts.

Often the current state of practices are entrenched in institutional systems and are better
known by agencies and by the public through past and current outreach efforts There are
often several barriersto achieving changesin existing practices and systems. There can
be financia barriers, psychologica ones, institutional policies, and regulatory
requirements (or lack thereof), which can collectively hinder incorporating the changes
and improvements necessary. Changes in personal, corporate, and governmental habits
will berequired. Also, because management of contaminants and stormwater is codified
in regulatory statutes, improvements to these institutional policies will be required.

Institutional barriersto change are often the most difficult obstacles to overcome when
attempting something new. Barriers such as cost or situation uniqueness are easier to
address and overcome by employing price breaks, longer financing terms, and tailoring
the design to fit the situation. But decision makers are often resistant to change because
of therisksinvolved, should it fail on their watch. Few public works engineers or
administrators want to be tied to something that is viewed as risky or untested. Changes
in habits or institutional policies often take more time and require both successful pilot
projects and an integrated effort by multiple parties to succeed.
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Below isabulleted summary of general actions and initiatives that could help achieve the
necessary changes to accomplish reductions in contaminant releases and loadings to the
river:

» Pilot project studiesin representative catchments or riverbed aress.

» Technical and institutiona workshops comprehensively covering these
dternative techniques. This would most likely include focused
workshops/seminars given to financial decisons makers, technical
professionals/permit  regulators, public works agencies, grass roots
organizations, and the construction/devel oper industry.

* Research grants to academia so that they can experiment with new techniques
(create test bed/pilot projects).

* Pilot project articles/videos, public tours and mailings, and demonstrations
(target homeowner associations and the general public).

* Mediapressreleases/peer reviewed professional journal article.

» Tradeshow/Conference/lnternet presentations.

» Brown-bag luncheons to the consulting and engineering professions.

»  Curriculum/coursework additions at the university level incorporating these
innovative methods.

Nonstructured outreach programs are the most difficult to address and do not readily lend
themselves to a bulleted listing. These should really be termed “less’ structured. The
concept basically involves the old expression to “think outside the box.” Nonstructured
outreach programs are typically voluntary and non-regulatory. Thisisthe areawhere
public outreach and education can be improved in aless structured manner/program.
Such voluntary things like the “adopt a highway/road” effort could incorporate steps to
reduce loadings of toxics/sediment and improve stormwater management along with their
primary task of removing litter from the roadways. Incentives and variances are also
avenues that can promote institutional change in aless structured format.

3.21 Watershed Education, Outreach, and Pollution Prevention

The Anacostia River watershed includes awide range of communities, all with different
levels of knowledge and interest in issues pertaining to the river. However, many of its
citizens are aware that significant threats to the river include raw sewage, contaminated
sediments, and continued contamination of the Anacostia River through stormwater
runoff. Citizens understand that this contamination affects the fish and other aguatic life
that may ultimately become part of the human food chain. This general awareness needs
to be heightened into a sense of stakeholder participation and refined to a sense of
stewardship for the river. Success for restoring the river depends upon community
(citizens, local businesses, municipalities, etc.) involvement and support.

This strategy proposes that grant money be provided to a coalition of AWTA/AWRC
approved community representatives whose sole purpose will be to educate the broader
watershed communities about the technical issues surrounding the impacts of
contamination in the Anacostia River and to involve the community in formulating
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solutions. A Technical Assistance Grant (TAG) will require the coalition to hirea
technical expert who will describe the issue of contamination in terms easily understood
by community representatives. The technical expert would communicate the extensive
amount of research done by AWTA and will also use other sources to give the
community a broad understanding of the issue and possible solutions.

As envisioned, the technical expert and at least one member of the community coalition
would also attend AWTA and AWRC meetings and serve in an advisory role. These
representatives would also be responsible for relaying information back to the broader
community and raising community concernsto AWTA and AWRC.

Another pollution prevention consideration may include funding for an inventory and
then, if warranted, an accelerated phase-out of PCB-containing equipment. This
approach has been used in the Great L akes and should be considered for the Anacostia.
Additional efforts may involve small businesses, by providing free testing and/or reduced
disposal costs for PCBs and other hazardous wastes.

3.2.2 Changesin building codes, zoning, and per mitting processes

Many institutional changes can actually be hampered by the regulatory systems
developed to protect the environment and ensure the safety of the general public. Evenin
today’ s electronic world, building codes, zoning, permitting, and maintenance
requirements are difficult to revise and are not changed overnight. These potential
barriers are often formidable impediments to achieving improvement and can be used by
the reluctant to halt the possibility of implementing improvements. Traditional Best
Management Practices (BMPs) are codified into existing regulations (state, county, and
city level), often resulting in an additional resistance or disincentive to change. Actionsto
address these barriers require a concerted effort from multiple parties (“top-down” and
“bottom-up” approaches).

It isrecognized that pilot or demonstration projects, such asthe LID pilot recommended
below, can only accomplish a certain, limited reduction in storm water volume and
contaminant loadings. The value of pilot projects is often more in the demonstration that
such approaches do achieve the desired result than the magnitude of the the actual
reductions. In order for broader application of these techniques, for faster incorporation
of these approaches, and for greater reductions to be achieved, it is also recognized that
institutional changes must be made that require use of such practices beyond what can be
accomplished through government-sponsored pilot projects.

Despite the difficulties that may be encountered while updating the institutional controls
that address storm water, making these changes is paramount to achieving source
reduction in areasonabl e time frame. Requiring certain obvious improvements as a
condition for obtaining a permit, either for new construction or for appropriate remodels,
IS one necessary element to achieving timely, broad-scale storm water control. For
instance, Prince George’ s County issued over 31,000 building permits for new
construction and remodels in 2001. D.C. has aso implemented changes in building codes
and permitting processes. If all new construction and only afraction of remodel permits
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included requirements for stormwater management, a greater contribution would be made
than that achieved through pilot demonstration projects. It isimportant to realize that the
benefits that could be realized by reducing stormwater volume also carries tremendous
benefits in reducing contaminant transport to the Anacostia as well.

Zoning regulations are an effective way to regulate building coverage on sites. These
should be revised and refined to bring about appropriate pervious and impervious
restrictions. Zoning in the District of Columbia can be revised to include sustainable
design practices. These could be negotiated in the Planned Urban Development review
process on large-scal e redevel opment projects. New developments in urban areas such as
big box retail centers and large-scale federal office buildings should all be constructed
with state-of-the-art best practices such as green roofs and best practice parking lots.

This strategy recommends that grants be made available to the counties and DC at $125K
each to assist with the review of their zoning, building codes, and permit processes for
the integration of LID and other innovative approaches into these institutional programs.
Grants would help adsorb the costs of not only changing the code, but also with the
public participation process, training of staff in new approaches, educational outreach,
and so on.

Actions could also include comparing and revising stormwater management, building
codes, zoning, and permitting requirements for jurisdictions that have aready
implemented and are using the proposed source reduction technigques. Such a comparison
can be used to gain knowledge from lessons learned by others, as well as reduce the
effort needed to make these institutional changes.

When creating new codes, zoning, and permitting requirements, some flexibility should
be incorporated to allow for the possibility of trying new and future innovations. In
addition, using new source control/stormwater management techniques hel ps to expand
the library of data available to the decision makers.

3.3 Source ldentification Needs

3.3.1 Tributary and Outfall Sampling

As described in the CSM, flow from the Northeast and Northwest branchesis known to
carry aflux of contaminants to the Anacostia River. However, actual concentrations have
only been measured at the U.S. Geological Survey gauging stations and only afew
occasions in one study (Gruessner et al. 1997). In terms of understanding how to address
the problem of chemical contamination in the river, an important data gap that needs to
be addressed is the lack of storm water monitoring data for contaminants, necessary to
guantify loads. Without an adequate characterization of loads to the river, managers will
be unable to evaluate the efficacy of potential sediment remediation strategies, and will
not be able to address contaminant source areas in a cost effective way. AWTA has
begun to address this gap with the collection of monitoring data at six outfalls and/or
tributaries during three storm events in the spring and summer, as part of Phase Il
investigations.
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Besides the Northeast and Northwest branches, a number of tributaries to the Anacostia
tidal basin drain sub-watersheds, which are primarily located within the bounds of the
District of Columbia. These smaller river basin streams include ones such as Fort
Chaplin, Fort Davis, Fort Dupont, Fort Stanton, Hickey Run, Nash Run, Popes Branch,
Texas Avenue Tributary, and Watts Branch. In general, portions of each of these streams
are open channels and other portions are enclosed (piped) channels, and stormwater
runoff is conveyed to these streams primarily viathe District’ s separate storm sewer
system. Most of these tributaries are listed as “Impaired Water Bodies” (scheduled to be
updated in October 2002), as indicated in Table 2. Toxic chemicals (metals and/or
organics) are given as causes of impairment for al the streams listed, and as part of the
District’s TMDL program, TMDL allocations will be developed for these chemicals. The
“potential impairment sources’ for al of the streamsin Table 2 is given as * nonpoint
source pollution.”

Table 2: Anacostia Tidal Basin streams on the District of Columbia’slist of impaired water bodies.

Tributary I mpair ments

Fort Chaplin Run metal s, pathogens

Fort Davis Tributary metal s, pathogens, BOD

Fort Dupont Creek metal s, pathogens

Fort Stanton Tributary metal s, pathogens, organics

Hickey Run pathogens, oil and grease, organics

Lower Watts Branch pathogens, organics, total suspended solids
Upper Watts Branch pathogens, organics, total suspended solids
Nash Run metals, pathogens, organics

Popes Branch (Hawes Run) metals, pathogens, organics

Texas Avenue Tributary metals, pathogens, organics

The DC Department of Health Water Quality Division is conducting Municipal Separate
Storm Sewer System (MS4) monitoring at a number of locations as part of the
requirements for the District’s National Pollutant Discharge Elimination System
(NPDES) permit. The DC Department of Health also conducts additional monitoring of
District water bodies as part of its routine monitoring program. This monitoring program
is primarily concerned with collecting data on nutrients, but samples are also analyzed for
the metals listed in Table 3 (Clifford Jarmon, DC DOH, personal communication).
However, as shown in the table, the detection limits employed produce censored data,
relative to levelsrelated to the protection of aquatic life, for several of the analytes.
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Table 3: Metalsdata available (1995 and later) from DC DOH Routine Monitoring Program

M etal Detection Limit® (ug/L) Chronic An;tr)icine::t\i/ggtgfr AQ\;L?;I:I)(/: E:irfi;eriafor the

Arsenic 5 150
Cadmium 5 223
Chromium 10 113
Copper 25 93

Lead 5 253
Mercury? 0.2 0.77
Zinc 20 120°
Selenium 5 5

! Detection limits may vary.
2 Available for 1995 only.
3 Hardness-dependent

Because of the high cost of doing laboratory analyses with appropriate aqueous detection
limits for organic chemicals and for some metals, thereislittle useful information from
the tidal basin streams to determine whether there are significant sources of these
chemicalsin the tidal basin sub-watersheds, or to determine the relative loads. Thereisa
need for screening-level base-flow and storm-flow water quality monitoring of toxic
constituents of concern, at sufficiently low detection limits to estimate loads in each of
thetidal basin streams.

We propose a screening level water-quality monitoring program to estimate annual toxic
chemical loads. Additional data should be collected for 6 baseflow (if appropriate) and
for 12 storm events from ten additional outfalls (including CSOs) and tributaries, chosen
with consideration of both sub-watershed size and likely presence of significant source
areas. The estimated cost of this additiona data collection effort is $625,000.

AWTA'’s sediment characterization of the river also provides evidence of other loads or
inputs of contaminants to the Anacostia River from direct discharges within the river
basin. What has been measured just before the branches discharge to the river and what is
reflected within the river itself, is the cumulative flux from all the sub-watersheds of the
Anacostia

Local, state, and federal stakeholders have often had to make difficult decisions as to how
and where to best employ limited monitoring resources. In order to efficiently increase
effortsto control sources, more definitive identification of specific sources and sub-
watersheds that contribute disproportionately to the total, overall flux to the river will be
needed. Such refinement in source identification will alow for prioritizing of how limited
resources should be applied. The following sections outline recommendations for
enhanced source identification efforts in both the upper watershed and the river.
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In addition to assisting with the identification of on-going sources, the measurements
recommended, repeated over time, can form the basis for evaluating progress toward
restoration of the river. Initial rounds of assessment will not only serve to help identify
sources, but in some cases will form the initial baseline for future monitoring programs.

3.3.2 Recommended Watershed Survey of Bioaccumulative Contaminants

Persistant organic contaminants (PCBs and chlorinated pesticides) are major
contaminants within the Anacostia and accumulate in fish tissues, resulting in fishing
advisories. PAHs, which persist in invertebrates but not substantially in fish, are believed
to be the primary contaminants responsible for the high prevalence of fish tumorsin
bottom-feeding brown bullheads. As previously stated, a broad-based, synoptic
characterization of sub-watersheds, which are potential sources of persistent,
bioaccumulative toxics (PBTS) is lacking. Existing field programs primarily deal with
benthic and fish community measures and stream morphology as indicators of habitat
conditions. Therefore, an assessment program geared to the detection of these compounds
is recommended to ensure efficient, subsequent application of limited resources for
source identification, control, and restoration.

The use of semi-permeable membrane devices (SPMDs) is one promising passive
sampling approach to estimate the aqueous loading of non-polar and hydrophobic
contaminants. SPMDs are permeable bags filled with sequestering oil that mimics the
lipid membrane of organisms. As such, they estimate how much of these type of
contaminants are bioavailable from the water column. As currently envisioned, passive
sampling devices (semi-permeable membrane device or SPMDs) would be deployed at
the mouth of 20 tributaries to the Anacostia which are representative of the major sub-
watersheds which discharge to and form a substantial portion of the base flow of the
Anacostia. Analysis of the SPMDs will provide indications of the average, temporally-
integrated concentrations of aqueous PBTs flowing to the Anacostia.Concurrent
deployment of Corbicula clams would complement the results from the SPMDs by
reflecting the suspended particulate flux of PBTs at the same locations.

Results from this synoptic survey will provide indications as to which sub-watersheds
contribute disproportionately to the combined, cumulative flux discharging to the head of
the Anacostia. Additionally, congener specific analysis for PCBs may provide further
qualitative information useful for the tracking and control of sources. Costs for this effort
is estimated at $250K.

3.3.2.1 Groundwater

Groundwater in the lower Anacostiatidal watershed is not well characterized, and, as
mentioned earlier in this document, is possibly a source of contaminantsto the river.
Because of the urban nature of the watershed and the long history of industrial and
residential development in the area, it islikely that groundwater in the areais
contaminated. However, little is known about the spatial distribution or types of non-
point source contaminants in the groundwater, the characteristics of groundwater flow, or
the volumetric flux of groundwater and associated contaminants to the river. Because of
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the many modifications to the river system (including bulkheads, dredging, filling,
engineered wetlands, storm drains, and leaky infrastructure), groundwater interactions
with the river are expected to be complex. It is therefore important to use awide variety
of investigative tools to help characterize the groundwater flow system, the groundwater
guality, and the groundwater / surface-water interactions.

From arisk-based perspective, groundwater in the tidal Anacostia basin will not have an
effect on aguatic ecological receptors until it discharges to surface water. Therefore, the
best risk-based approach for investigating groundwater in the tidal Anacostiabasinisto
investigate the areas that are most likely to have a measurable impact on the contaminant
load in the river. Thiswould include investigating groundwater at all of the currently
known contaminant hotspots within the river, as well as any future hotspots that are
discovered, and installing and sampling monitoring wells down gradient of land uses
(such aslandfills and areas of dredge spoils) near theriver that are identified as potential
contaminant sources. The approach works on the premise that a systematic investigation
of groundwater at the spots that are most likely to impact the river can be used to assess
whether further action will be required to protect the river ecosystem from contaminated
groundwater discharge.

Several contaminant hotspots within the river channel already have been identified, and
the possibility exists that more hotspots will be discovered during future investigations.
The source of the contaminants in these hotspots should be investigated at each location.
In some cases, groundwater inputs have been investigated using innovative techniques
such as seepage collectors (Chadwick 2001), and some sites (such as the Washington
Navy Yard) have been extensively investigated. Therefore, the groundwater investigation
could include (1) aretrospective study of available groundwater information to determine
data gaps, (2) asurvey of historical land uses to determine likely sources of groundwater
contamination; (3) the installation and sampling of monitoring wells in suspect areas;
and, (4) the interpretation of the potential impact of groundwater contamination on the
Anacostia River tidal ecosystem.

Thefirst year of the study should consist of obtaining and interpreting existing
groundwater information and surveying historical land uses, with the goal of formulating
asampling and analysis strategy for groundwater that will be implemented in the second
and third year of the study. The final year will be used to synthesize the datainto afinal
report and to begin implementing remedial efforts, if they are necessary. It is anticipated
that the retrospective and historical land-use studies can be completed for about $250K .
Thelevel of effort that will be required for sampling and analysisis hard to quantify at
thistime, but atwo-year effort of $600 - $700K might suffice. The final year’s effort
should be on the order of $200K, for atotal over the life of the investigation of about
$1.15 million.

This approach is consistent with investigations presented in other parts of this document,
in that it seeks to identify the most important contaminant sources or discharge areas, it is
risk based, and it will be implemented in areas identified in other parts of the overall
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management plan. Knowledge of the groundwater component in areas slated for
remediation will greatly enhance the likelihood for successful remedial activities.

3.3.3 Recommended Automated Monitoring Station Networ k

To address the major gaps in information on toxics and other pollutants throughout the
upper watershed, a network of seven automated water quality stations is recommended.
Their purpose isto provide both the stormflow and baseflow water quality data required
(i.e., sediment, nutrients, toxics, organic and bacterial loads, etc) for the accurate
estimation of annual pollutant loads to the river from the upper portion of the watershed.
The network includes two high priority stations (i.e., existing lower Northeast and
Northwest Branch USGS gauging station sites), the existing Lower Beaverdam Creek
NPDES monitoring station, and four key Northeast and Northwest Branch tributary sites
(i.e., Indian Creek, Paint Branch, upper Northwest Branch, and Sligo Creek). The two
high priority station sites are recommended as permanent stations, to reflect the total flux
to the river, whereas the other five sites are planned temporary sites (i.e., minimum two
to three-year operation). Upon monitoring period completion, one or more of the
temporary stations would be relocated to provide additional and more geographically-
specific subwatershed water quality data. In this manner, both the total subwatershed
toxics loading contribution and the relative contribution from various portions of that
subwatershed may be better quantified. The anticipated monitoring data should prove
invaluable for: 1) quantifying annual pollutant loads to the river at the head-of-tide, 2)
determining relative subwatershed pollutant load contributions, 3) assisting local,
regional, state, and federal resource management and restoration agencies in identifying
subwatershed areas in greatest need of stormwater management water quality and/or
quantity control, stream restoration, land use control, and/or follow up studies, and 4) the
additional calibration and refinement of watershed water quality models. The estimated
full implementation automated monitoring station network costs, including sampling for
toxics, for the period of FY 2002-2009 are estimated at $3.4 million.
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3.3.4 Biological Monitoring, Tracking, and Reporting Network

There are many elements constituting a comprehensive biological monitoring station network
that are either aready in place or expected to be within the next two to three years. Data are
collected by each county, the state of Maryland and the District of Columbia, but with some
difference, which makes interpretation difficult. As proposed by the AWRC’ s Anacostia
Restoration Potential Workgroup (ARPW), it is recommended that the existing and planned
programs become more integrated and form the basis of a comprehensive monitoring, tracking
and reporting network for the entire watershed. Seventy-seven (77) stations are deemed
necessary to comprise an adequate biological monitoring network.

Of the 77 recommended stations, 73 are tributary system-specific, with the remaining four
comprised by representative tidal river sites. As currently proposed, monitoring frequency is as
follows: 1) tidal river - annually, 2) major tributary mainstem - biennially, 3) high priority
tributaries — annually, and 4) smaller tributaries - every three to five years. Tributary monitoring
will employ current MBSS protocols and metrics. In addition, to the examination of fishes for
the presence of deformities, erosions, lesions, and tumors (i.e., DELT’s), brown bullhead’s (and
their barbels) have been selected as a key watershed-wide toxics sentinel species. Finally, limited
water quality grab sampling and toxics screening (e.g., possible use of Microtox toxicity test)
will be performed where warranted. The estimated full 2010 implementation biol ogical
monitoring station network costs are estimated to be on the order of $344,000 (Appendix 1,
Table 1).

While much of the Anacostia has been developed for decades, both new and redevel opment
projects are continuing to occur across the watershed. Systematically tracking these land use
changes, aswell asidentifying the nature and extent of restoration projects and their potential
applications within the watershed remains a formidable challenge. Detailed knowledge of the
type and extent of impervious surfaces and associated storm drainage networks is essential. The
estimated costs for tracking these preceding activities are estimated to be $200,000.

3.3.5 Monitoring the Recovery of the Anacostia River Toxic Condition

As previously noted, the physical, chemical and biological restoration and recovery of the
Anacostia River will be dependent upon actions taken throughout the entire watershed. These
actions will address not just the release and mobilization of toxic compounds, but stream habitat
restoration, removal of fish blockages, and more. It is also the very nature of this diversified
distributed approach that creates challenges for measuring success. Assessment of the progress
toward reaching these goals will require a multi-tiered watershed perspective. And because the
time to realize these cumulative gainsis long, amulti-year assessment or monitoring programis
dictated.

With the focus upon toxics, the assessment and monitoring elements recommended here will
target the lower, tidally influenced river as the ultimate repository or sink of the majority of
contaminants of primary concern within the watershed. This monitoring element will be
complimentary and supplementary to what has been proposed for the broader objectives of the
Anacostia Restoration Signatories approved Anacostia Watershed Restoration Indicators and
Targets. (AWRC, 2001) Thiselement is essentially comprised of periodic monitoring of
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contaminant levelsin sediment and fish tissue. As ultimate sinks for contaminants like PCBs and
pesticides, sediment and fish tissue present the most efficient, clearest, and unequivocal evidence
for overall success in reducing sources, contaminant loadings to the river, and biological
contaminant exposure. The potential uses of such information, however, are not limited. They
are multiple and include uses such as measuring progress toward lifting fish consumption
advisories, verification of sediment remedial actions at reducing exposure levels, evaluation of
recontamination, verification of source reductions, identification of new releases, and so on.

Assessment of the toxic condition of the Anacostia does have distinct nuances that are different
from the detection of on-going releases of contaminants to the river. While source identification
isrecognized as avital precursor for source control and may have some overlap in terms of
methodol ogy, the recommendations made here attempt to keep the intent clear between these
complimentary, but different purposes. Monitoring efforts should explicitly be directed toward
ng the progress toward specific objectives. Monitoring should not be viewed as a research
program nor an activity to fill gaps, but rather the regular and repeated application of
standardized investigation approaches for the detection of changes in time and space.

To address the need for a comprehensive assessment and monitoring program, AWTA and the
AWRC' s Anacostia Restoration Potential Workgroup (ARPW) will work cooperatively to
integrate strategies, as well asin collecting, analyzing, and distributing this and other restoration-
related information to their respective memberships and the general public. It should be noted
that because of the inherent time |ag associated with the devel opment, funding, and
implementation of monitoring and data management system protocols, programs, and initiatives,
some database gaps are expected to remain for several years.

As previoudly stated, among the many challenges facing the Anacostia restoration effort is also
the creation and maintenance of a comprehensive watershed-wide database, which permits the
systematic tracking of changing physical, chemical, and biological conditionsin the watershed
and theriver. Distribution of this information to watershed resource managers, policy makers,
and the general public in atimely and effective manner is required as well.

The fundamental monitoring approach outlined herein relies on the prominence of conditions
within the lower river as the ultimate sink and thus a dominant indicator of overall conditions.
Since an adaptive management strategies will require having more detailed information available
should the desired progress toward restoration and recovery not be observed, the assessment and
monitoring recommendation are integrated and complimentary with components directed toward
establishing baseline information throughout the watershed.

3351 Monitoring of River Toxics Sediment Recovery

Because the Anacostiais an effective sediment trap and since the primary contaminants of
concern are hydrophobic compounds, the sedimentary record offers clear, ssmple evidence of
trends at aregional to sub-regional scale. Measuring contaminants in sediment at regular
intervalsis an efficient, cost-effective approach for monitoring the river’s overall toxics
condition. With sufficiently broad but high-density coverage, assessment of the sediment record
indicates not only general patternsin the river, but also provides indications about specific
sources or discharge points where contaminants enter the river.
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In 2000, AWTA sponsored two extensive surveys of sediment contamination throughout the
entire river. These ground-breaking investigations established a thorough baseline against which
progress can be compared, particularly the ANS survey with its network of sampling stationsin
every river reach. Repetition of this basic sediment investigation is recommended as the basis for
a sediment-monitoring element.

Given the depositional rates and mixing depths observed, measurable changes in contaminant
concentration levelsin surficial sediments are not expected to occur within a short time frame.
Therefore, athree-year cycle for sediment assessment is recommended. A three-year period will
balance the need for multiple observations required to detect temporal trends with the rate of
change that might be expected.

Since agood baseline of sediment contamination has been established, and indications from that
survey are consistent with more limited, previous efforts, there is no demand for repeating a
sediment survey until specific actions are taken that are expected to result in decreased exposure
levels. Therefore, the actual start for the first round of sediment monitoring would betied to
some future date when significant advances are reached on source control, transport reduction of
contaminants to the river, or remedial actions dealing with the secondary contamination currently
present in theriver.

The sediment monitoring effort will also continue to contribute to identification of point source
discharges or loadings within the tidal portion of the river. This monitoring plan will distribute a
number of fixed stations throughout all reaches of the river, plus alimited number of “floating”
stations to be relocated from one event to another. This approach to source identification relies
on the detection of anomalous, elevated levels of contaminants in the sediment adjacent to a
point source discharge. The “floating” stations can be targeted near specific points suspected of
being discharge sources.

3352 Monitoring of Fish Tissue Concentrations

As detailed in the CSM, bottom fish species such as edl's, brown bullhead, channel catfish and
carp have considerable exposure to contaminants in sediments. Thisisreflected in tissue
contamination with PCBs and pesticides to levels that require advisories restricting human
consumption.. The tissue concentrations of PCBs and chlorinated pesticidesin fish have been the
basis for afish consumption advisory for many years. Samples of fish analyzed for PCBs suggest
that tissue residues are sufficiently elevated enough to adversely impact reproduction.
Additionally, PCBs are being transferred to eggs, which may further reduce reproductive
viability. Modeling of tissue PCB residues indicates that dietary sources are the significant
uptake route for the levels being observed. These dietary concentrations in turn reflect either
suspended particulates or sediment.

PAHSs in sediments are the chemicals that appear to be most strongly linked to the high (50-68%)
prevalence of liver tumorsin brown bullheads. This species also has a high (13-23%) prevalence
of skin tumors and altered (missing, shortened, or clubbed) barbels (23-56%). PAHs and other
polycyclic aromatic compounds bind to DNA in the liver forming adducts. This alteration in the
DNA isalikely early stage in the cancer process. The concentrations of these adducts were
equally high in one year old and three year old bullheads from theAnacostia.
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Because the health and condition of the fish community is such akey element of restoring the
function and uses of the Anacostia, direct observation of improvementsin this keystone
compartment are recommended. Because of the differencesin how the primary contaminants of
PCBs/pesticides and PAHs are metabolized by fish, assessing the condition of the fish
community can offer both along-term and short-term measurement parameter for gauging
success in reducing exposures.

Because of the way that PCBs are cycled through the ecosystem, they are persistent for long
periods of time. Measuring tissue residues of PCBs (and chlorinated pesticides) would provide
long-term, temporally integrative indications of success toward controlling these substances. The
frequency of such measurements, however, needs to be weighed against the persistence of these
compounds.

PAHs on the other hand are metabolized and biologically process much faster in fish. Therefore,
the measurement options for PAHs offer both a short-term (within a couple of weeks) aswell as
longer-term indications of exposure and effects. For instance, observations from one-year-old
brown bullheads shows that they can provide early warning signs of the tumors that will be more
prevalent as adults.

An assessment and monitoring program for fish which emphasi zes a focus on measurement
parameters that can be directly related to contamination and which complements and
supplements the programs already in place or planned is recommended. The scope and frequency
of this program should be compatible with the other monitoring efforts envisioned, and
appropriate for the primary contaminants of concern. The program being recommended isa
combination of tissue residue analysis for chlorinated compounds, plus analysis of bile
metabolites and DNA adducts to address PAHSs. To provide direct observation of the impact of
contamination on the fish, continued assessment of the incidence of skin and liver tumors,
especialy in one- and two-year old fish, is also recommended. Monitoring of brown bullheads
should be performed on athree or four year cycle using age 3+ year fish. Thisfrequency is
similar to that of the sediment monitoring and that of other existing monitoring efforts. This also
strikes a reasonabl e balance between the slow response expected for tissue residues and the quick
response possible for the other measurement parameters. The data generated by this focused
effort on toxics can be combined with results from other existing programs dealing with the fish
community to provide a broad-brush assessment of the general health of the fish community.

3.4 Comprehensive Load Reduction Approach

Much of the pollution in the river is not from “dumping” directly into the river, but aresult of
pollution some distance from the river, which then flows to the river. The polluted water and
solids flow to the river mainly through tributary streams and sewers. The pollution process is not
limited to just along the river, but has occurred throughout the entire watershed. The river then
serves as agathering point or sink for what occurs throughout the entire watershed.

Because of the variety of sources throughout the entire watershed and the number of routes of
transport to the river, reducing loadings will not be accomplished through a single sort of action.
Rather, many different approaches, tailored to each situation, must be applied. The following
sections describe a suite of techniques that would work to reduce contaminant loadings to the
river.
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34.1 Stormwater Management Retrofitting Overview

It iswidely recognized that urban runoff normally contains amyriad of pollutants, all of which
contribute to the degradation of stream quality. Stormwater retrofitting, which is the placement
of a stormwater management practice into an existing developed area for the purpose of either
improving water quality, protecting downstream channels, reducing flooding or meeting other
watershed restoration needs, has been a centerpiece of the ongoing Anacostia restoration effort.
Since 1987, approximately 6,000 acres (approximately 9.4 square miles) of previously
uncontrolled, developed land in the Anacostia watershed has been brought under control through
the stormwater retrofitting efforts of AWRC affiliates. The stormwater retrofitting strategy
proposed for reducing toxic loadings to the Anacostia River and its tributaries incorporates the
six following elements:

» the employment of a comprehensive suite of stormwater retrofitting techniques, with
the principal objective of targeting older, uncontrolled areas within the watershed
having characteristically high pollutant loadings,

» the building upon proven successes with both traditional and non-traditional
stormwater management techniques, with the recognition that institutional changes
will be needed to facilitate new and emerging technol ogies,

» recognition that reducing stream channel erosion levels and the associated transport
of sediment-attached pollutants remains a major Anacostia restoration objective;

» adherence to an overal flexible and dynamic approach which views stormwater
retrofitting as part art and part science, and which also acknowledges that new
techniques will arise as the stormwater management field continuesto evolve;

» acknowledgment that pollution prevention and education of the citizenry is an
integral component for assuring overall long-term success; and

» theincorporation of a comprehensive monitoring strategy to quantify the performance
of various selected stormwater management techniques.

The following sections describe a variety of techniques that may be mixed and merged to
accomplish reductionsin stormwater flux of contaminants.

34.2 Wet Ponds

Wet ponds are retention basins featuring a permanent pool of water throughout the year. They
typically feature alarge, four to six feet deep portion, as well as shallower areas |ocated along
the margins, which allow for the establishment of some emergent wetland vegetation. More
recent designs feature aquatic benches or shelves for the creation of fringe marsh habitat,
variable topography, extensive landscaping for improved wildlife habitat and aesthetics, as well
as extended detention stormwater control. Wet ponds remove stormwater borne pollutants
through a combination of gravitational settling, dilution, filtration and biological uptake and
retention. They may be designed as either on-stream or off-stream facilities (Figure 5) and can be
designed to provide both water quality and quantity control for awide range of drainage areas
and land uses, including high pollutant generating ones (a.k.a. stormwater hot spots).
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In general, aminimum drainage area of 10-25 acres is recommended for wet ponds. Also, for
highly developed/ultra urban areas their employment will generally be limited due to the
unavailability of requisite space. They may, however, be employed in such areas provided that
an acceptable downstream site exists. Because of their relatively large space consumption and a
decreasing unavailability of publicly owned land, wet pond siting in the Anacostia watershed has
grown more difficult overtime. It should also be noted that wet pond facilities control
approximately 40 percent of the total 6,000 stormwater retrofitted acresin the Anacostia
watershed.

3.4.3 Artificial Wetlands

Artificial wetlands are retention ponds typically incorporating large, shallow-depth water areas
which areideally suited for the establishment and growth of wetland plant species (Figure 6).
These stormwater wetlands are designed to maximize pollutant removal through gravitational
settling, dilution, filtration, and biological uptake and retention mechanisms. They may be
located either on or off-stream and can be designed to provide both water quality and quantity
control for awide array of drainage area and land use conditions, including stormwater hotspots.

Figure5: On-Stream Wet Pond and Off-Stream Wet Pond
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In general, aminimum drainage area of 10-25 acresis recommended for artificial
wetlands (Schueler, 1993; Galli, 1997). It should be noted that for highly devel oped/ultra
urban areas the employment of artificial wetlands employment may be restricted by the
general unavailability of requisite open space. However, they may be used in such areas
provided that a suitable downstream site exists. Finally, small off-stream wetlands may
be carefully sited within riparian corridors so as to intercept and treat uncontrolled runoff
from small adjacent catchments. As best exemplified by Montgomery County’ s upper
Sligo Creek restoration initiative, small artificial wetlands may be employed in forested
stream corridors so as to provide both water quality and partial water quantity control
with minimal tree removal.

34.4 Extended Detention Dry Ponds

Extended detention dry ponds are basins whose outlet control structure has been
intentionally designed so asto slowly release (i.e., generally over a12 to 24 hour period)
stormwater runoff. Because of their relative inability to remove soluble pollutants,
extended detention dry ponds are generally not viewed as being primary water quality
BMP's. Nevertheless, they have well-documented ability to remove particulate
pollutants, as well as reducing downstream channel erosion problems (Shueler, 1994).
Consequently, they are well suited for incorporation into linked BMP systems (i.e.,
BMP s used in series, in acomplementary manner). They may be located either on or off-
stream and can be designed to provide runoff control for a broad range of drainage areas
and land uses, including stormwater hotspots (Figure
3).

In general, aminimum drainage area of 10 acresis
recommended for extended detention dry ponds. As
with al “pond” systems, their use istypically restricted
in highly developed/ultra urban areas by the general
unavailability of suitable open space areas. They may,
however, be employed in these areas provided that an
adequate downstream location exists.

Figure 3. Extended Detention Dry Pond

345 Filtration Systems

Investigating and controlling individual releases and dealing with nonpoint sources will
take a great deal of time and effort. A sequential approach to dealing with source control
and restoration would delay return of river function and usability far into the future.
Interception of pollutants before they are discharged to theriver is akey element of a
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load reduction strategy that will allow for restoration in atimely fashion. Filtration
systems are one promising approach that can deal with the entire volume of runoff from
subwatersheds and be tailored to filter or treat the specific contaminants of concern.
These facilities may well become part of alonger-range solution. In fact, part of the
District’s plans to deal with stormwater include renovating deteriorated structures.

For the purposes of this document the term filtration systems includes, but is not limited
to, the following stormwater management Best Management Practices (BMP's): sand
filters (both surface and underground), bioretention, biofiltration swales, peat — sand
filters, and new generation of filter media. All of these practices employ some type of
filtering media designed to provide varying levels of water quality control. With the
exception of biofiltration swales, which are characteristicaly very long linear systems, all
of the preceding techniques are well suited for highly developed/ultra urban areas (Figure
4). The common use of these systems has generally been for the treatment of first flush
runoff from smaller sites (i.e., drainage areas under five acresin size). However, sites as
large and with complex pollutant mixes as BWI airport are now being addressed with
such systems.

Figure4. D.C. Underground Sand Filter Box and PG CO Bioretention System

Over the past few years, all three Anacostia jurisdictions have funded several new BMP
filtration systemsto treat runoff discharged through storm drain outfalls or streams. One
large filtration project planned by the District of Columbia, is the installation of a peat-
sand filter for treating stormwater runoff from an approximately 150 acre catchment
draining the River Terrace community located on the Anacostia’s east bank. The
proposed facility aso includes an artificial wetland for water polishing. Total costs for
this planned project were estimated by the District at $900K. Another proposed facility is
the installation of stormwater controls on the two outfalls that serve the RFK Stadium
area. These two outfalls collect stormwater for the stadium parking areas and surrounding
neighborhoods and then discharge to Kingman Lake . A combination oil/grit separator
and a constructed wetland are proposed as end-of-the-pi pe technol ogies to remove
pollutants from the stormwater. Total project costs were estimated by the District at $1.2
million
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3.4.6

Low Impact Urban Development Pilot Program

Low Impact Development (LID) is anew, cost-effective, alternative stormwater
management technology that can be used to restore water quality of the streamsin urban
watersheds. LI1D combines the following six principles to protect and restore natural
watershed features and improve water quality:

Conserving existing natural and topographic features;

Retrofitting that minimizes environmental impacts from cleared land and
impervious surfaces;

Maintaining or lengthening the pre-existing detention time of storms;
Installing Integrated Management Practices (IMPs);

Reducing contaminant migration and releases to surface waterways; and
Providing education about simple to install pollution prevention measures.

LID applies small-scale, source control, Integrated Management Practices (IMPs) to each
project site. L1D retrofit techniques reduce runoff peak discharge, volume, and frequency,
and improve the water quality of receiving streams. L1D designs can easily be integrated
to address critical watershed issues.

Figureb5. Retrofit of residential areas.

Figure 5 illustrates several examples of retrofitting residential areas using LI1D
technologies. The LID unique micro-management source control concept is quite
different from conventional, end-of-pipe treatment or conservation techniques.
Bioretention, filtration, and other small-scale filtration and storage treatment facilities are
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the most common LID techniques to improve pollutant removal efficiency. Similar
concepts can be used to retrofit commercial and highway devel opments.

Figure 6. Retrofit of commercial developments.

Essentially, all aspects of the urban landscape can be designed to be multi-functional to
treat urban runoff. Examples of practical and affordable LID projects include:

- Bioretention/rain gardens - Alternative surfaces and building
materials
- Strategic grading - Reduce impervious surface
- Amended soils - Surface roughness technology
- Resource conservation - Rain barrels/cisterns/water use
- Flatter wider swales - Catch basins/seepage pits
- Flatter slopes - Sidewalk storage
- Tree/shrub depression/filtration - Infiltration swales and trenches
- Turf depression storage - Tree box filters
- Landscape island storageffiltration - Trash collectors
- Rooftop detention/retention - Maximize sheet flow
- Roof leader disconnection - Tree planting and landscaping
- Parking lot/street storage/filtration - reforestation
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- Smaller culverts, pipes and inlets - Pollution prevention

Figure 7. Parking lot and court yard retrofits.

An Anacostia LID demonstration project is recommended to address runoff in al three
Anacostia jurisdictions, from each of the following four (4) land use types: residential,
commercial, industrial, and institutional areas. This proposed LID urban retrofit program
will be modeled after programs and techniques pioneered through the Prince George
County’s Port Town Environmental Restoration Program. The demonstration project
would encompass initial tasks, such as convening initial program meetings, all the way
through construction, to monitoring effectiveness.

A total of fifteen (15) critical sub-watersheds will be selected within the three
jurisdictions. On average, approximately 225 sites will be chosen for each watershed
depending on watershed characteristics. Each LID site will control an average drainage
area of approximately 1.0 acre. The total program cost is estimated to be $30,000,000.
WASA has already targeted $2.8 million for LID development as part of their Long Term
Control Plan to help control CSOs.

3.4.7 Street Sweeper Program

Despite the best efforts at minimizing the generation of pollutants, there will be some
sources that escape control, particularly at the watershed scale. Deposition of soot, smoke
particul ates, exhaust, oil, fuels and so on within an urban landscape will undoubtedly
continue. These types of sources — petroleum products and combustion by-products- are
significant sources of PAHS, one of the mgjor pollutants of the Anacostia. Collection of
particul ates from roadways, plus oil and grease, prior to their wash off is yet another
approach to reducing contaminant loadings to the river.

While both conventional stormwater management techniques and LID are viewed as
generally being effective at reducing the impacts of stormwater runoff on urban rivers
and streams, new high-efficiency street sweepers, while not reducing runoff volumes,
have been shown to yield significant and generally cost effective water quality benefits

40

A-55



by removing fine (i.e., <10 micron diameter) particles before they are mobilized and
transported off-site by rainwater (EPA 1999).

There are several types of modern vacuum sweepers on the market today. Among the
most efficient are regenerative-air sweepers, which dislodge and collect particlesusing a
combined high velocity blower and vacuum system, and vacuum assisted dry sweepers.
Independent studies of sweepersin Oregon and Washington have demonstrated that a
99.6 percent reduction in particulates over 10 micronsis possible. Weekly sweepings
yielded a 76 percent reduction in suspended solids reaching receiving waters (EPA 1999).
Other evaluations of dry vacuum sweepers have shown 35 to 80 percent reductionsin
nonpoint source pollutants (Runoff Report, 1998). Recent estimates suggest that the new
vacuum assisted dry sweeper might achieve a 50 to 88 percent overall reduction in the
annual suspended solids loading for aresidential street, depending on sweeping
frequency (Bannerman, 1999).

Unlike surface and subsurface stormwater control solutions, which are often constrained
by space limitations, implementation of street sweeping islimited primarily by the
availability of funding. Implementation and long-term maintenance costs are highly
variable, depending on curb mileage, whether sweepers are purchased or lease financed,
and whether municipal staff or private contractors operate and maintain the machines.
Equipment leasing can reduce program startup costs, while privatization of sweeping
programs can eliminate the need for maintenance and can result in a significant reduction
in sweeping costs per curb mile (NAPA 1995). Current sweeping costs range from
approximately $10 to $70 per curb mile depending on frequency and program size (Table
4). Vacuum assisted sweeperstypically last approximately eight years and range in cost
from $80,000 to $250,000 each. Emerging sweeper technologies are expected to bring
smaller, more maneuverable, and less costly sweepers to the market in the near future.
The total estimated cost for implementing this alternative is $6.6 million dollars.

The effectiveness of street sweeping programs at removing both roadside trash and fine
particlesis heavily dependent upon sweeping frequency. Since optimal sweeping
frequency is closely related to rainfall frequency and the rate of pollutant accumulation, it
varies widely from city to city (see City of Alameda study). In many areas, weekly, year-
round sweeping has been found to be both feasible and highly effective. It isaso vital
that sweepers have unimpeded access to curbs and gutters. This can be accomplished
through the modification and strict enforcement of street parking regulations. Thus, it is
important that sweeping schedules be widely and prominently posted through street
signage and that the benefits of street sweeping be advertised.

In the Anacostia, street sweeping is currently performed with varying levels of frequency
and success in portions of the District of Columbia, the City of Takoma Park, Silver
Spring, and other Maryland municipalities. Perhaps the most effective is the Silver Spring
Urban District’ s public-private partnership sweeping program, which sweeps 26 curb
miles three times aweek using a regenerative-air sweeper. The District of Columbia also
uses modern mechanical-vacuum sweepers on many of its streets, but has encountered
significant maintenance problems and interference from parked cars. Furthermore, the
program ceases operation on its regular routes each year between January and March.
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Whilethese local street sweeping programs continue to remove amounts of trash, debris, and

sediment from local streets, each would benefit from additional funding for newer equipment,

additional staff training, street signage, and enforcement of parking restrictions.

Table 4: Examplesof Street Sweeping Programs

Location Sweeper Type COT\%IC;urb Frequency
. : . . 3 times
Silver Spring, MD Regenerative-Air $14.79 Iweek
Plymouth.Tovx_/nshlp Mechanical & $68.00
and Livonia, (average of No data
. Vacuum iy
Michigan two cities)
Lakeland, FL Vacuum Assisted $33.381 No data
. Arterial 18/yr
Greeley, CO Mechanical & $32.86 Local 5/yr
Vacuum X
Parking 12/yr
. Mechanical & Arterial 15/yr
Kansas City, MO Vacuum (leased) $28.62 Residential 7/yr
2 times
Decatur. IL Mechanical & $10.21 Iweek
' Vacuum Assisted
$10.87 2 times /month

TCost includes sweeper purchase, maintenance, salary (excluding benefits), and waste disposal

348 Water Quality Inlet Pilot Program

It iswell known that stormwater runoff entering curbside and street inlets includes
floatable, particulate (course and fine), and dissolved contaminants. Capture of these
contaminants at their entry into the storm sewer system is another approach for reducing
loadings to the river. Catchment basin inserts have been accepted as Best Management
Practices (BMPs) for dealing with runoff in jurisdictions all across the country. This
section focuses on the implementation of a demonstration project of catch basin retrofits
and inserts (hence referred to as water quality inlet systems) that targets the improvement
of water quality by reducing sediment and trash transport at the small watershed level.

Studies performed for New Y ork City (Hydroqual 1995) revealed that generally less than
ten percent (by weight) of the solids entering the storm sewer system is large enough to
be retained by a 10-mesh screen. The passing debrisis predominately dust, dirt, sand and
small gravel. Since contaminants are more likely to adhere to smaller grain size particles,
thereisalimited emphasis on the prevention of trash entering the storm sewer system
within this pilot program. However, areas that routinely require cleaning of trash would
be candidates for screening of curb inletsto prevent trash entry.

Contamination in the storm runoff originates during rain events where impervious
surfaces are washed free of the accumulated particulates and oil. Dissociation of the

42

A-57



chemicals in the storm water occurs rather quickly, generaly reaching equilibrium within
the water by the time storm water has reached a catch basin. Therefore, water quality
inlet retrofits or inserts require proper design to address the site-specific ration of
dissolved phase contamination to particul ate contamination.

A review of technology and current practice will yield a good foundation on which to
build a credible program to apply this evolving technology. Both the effectiveness and
application of catch basin technology and an assessment of the local and standard
practice within the industry will improve the program success. Data can then be extracted
from these sources and placed within the context of existing information on the
watershed.

In early designs, many storm drain inlets were limited in their ability to capture and retain
small to medium-sized solids. The scouring affect caused by the hydraulic forces tended
to continually mobilize any small grain particles and can even transport the larger settled
particles during heavy rain events. Typically, routine maintenance involving removal of
sediment ison afairly limited schedule (once or twice a quarter) or on an as needed basis.
While benefits to solids removal are evident during operation, failure to clean many inlets
can render them ineffective for any beneficial effect. Various manufacturers have been
working to address some of these issues with design changes to produce promising new
water quality inlet systems and inserts. A partial listing of water quality inlet objectives
and insert system solutionsis provided as Table 5.

Table 5: Partial Listing of Water Quality Inlet and Insert Systems

Objectives Technology or Practice
Reduce load of particles re-entrained 1) Vortex hood
2) Increased catch basin cleaning
frequency
3) Appropriate design or filter material
Eliminate trash transport to next catch Vortex hood
basin
Reduce load of particles entering the catch | 1) Increased frequency of street sweeping
basin 2) Inlet strainers/filters
Reduce trash load entering catch basin Curb screens
Reduce Oil an Grease loading Sorbant filter media, sock, or
cartridges
Odor reduction from sewer gas 1) Vortex hood
2) Appropriate design

The water quality inlet demonstration project recommended is a phased, public/private
storm drain-based approach designed to maximize effectiveness and reduce cost.
Implementing awater quality inlet demonstration project that targets one tributary of the
Anacostia can verify design assumptions, improve the accuracy of cost design,
installation, and operation costs.
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Training and awareness and community involvement are also important aspects of the
program. The objectiveisto raise interest and present opportunities to property ownersto
maximize participation. The possibility of granting storm water utility credits should also
be explored as a means to increase participation. Training on operations and maintenance
aswell as procurement will be included.

The costs presented here are for budgetary use: assumptions and unit costs will be
updated after the demonstration project is complete. The unit costs include assumptions
based on site specific information obtained at the time of generation. Approximately $1.5
million would be required to implement the pilot water quality inlet demonstration
project

Based on current information, one leading subwatershed candidate for this proposed
water quality inlet system demonstration project is Hickey Run. This subwatershed is
approximately 40 percent impervious and has a mix of land uses and storm drain inlet
types. Extensive water quality data also existsin thistributary since it is also regulated
under an NPDES permit. In older, highly developed areas lacking stormwater
management controls, trash and particulate loading to the river can often be reduced
through the installation of water quality and/or trash reduction devices at the point of
entry into the storm drain system. In addition to the broader installation of water quality
inlets to reduce floatable and sediment loading, devices that remove dissolved
contaminants at certain inlets may also be required. The types of contamination typically
present in the water column include suspended solid, total metal, oil and grease and other
organic-based compounds. From these data, designs which can be implemented and is
scaleable to encompass the full watershed can be performed.

34.9 Trash Management

I It isestimated that over 20,000 tons of trash and debris
. enter the Anacostia River annually (PG DER, 1994). Of this
amount, at least 165.5 tons of floatables (e.g., plastic
bottles, styrofoam cups, plastic bags, aluminum cans, etc.)
enter the river annually from the Maryland portion of the
watershed (MWCOG, 2001). The 2001 Anacostia
Watershed Society’ s annual trash collection event removed
over 10 tons of trash from theriver in just one day. WASA
operates skimmer boats just for the removal of trash from
.y . theriver. However, access throughout the river is an issue
¢ w4 fortheseboats. Without question, floatable trash remains
one of the watershed's most highly visible and aesthetic
Figure8: Discarded Debris  problems. Although trash is not generally thought of as
presenting a significant threat from a toxic constituents
perspective, trash and non-woody debris can have chemical and biological impacts on
receiving waters including: interference with the establishment of aquatic plants; leaching
of toxics from certain types of trash, such as used oil quart containers and filters,
batteries; plus hazards to wildlife through ingestion of or entanglement in floating debris
(Herson-Jones et al., 1994). Trash does impact overall efforts to restore the Anacostia
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River. The occurrence of trash, especially floatables, degrades the perception the river's
value of both residents and visitors and thus impacts the willingness to make changes
necessary to restore theriver.

Due to the long residence time for water in theriver, the Anacostiais highly retentive of
trash and other pollutants. Because of itstidal nature though, the Anacostia River
presents some special challenges to trash control efforts. The fluctuations in flows and the
daily, tidaly-influenced movement of trash and other floating debris up and downriver
generally make the installation of cross-river floating trash booms at many locations
impractical. Another issueis the inaccessibility of existing mechanical trash collection
technologies (i.e., deep-draft skimmer boats) to access emergent fringe wetland areas and
shallow pocket embayments. The presence of the railroad crossing bridge downstream of
New Y ork Avenue further restricts access to otherwise accessible upstream trash
accumulations by the DC-WASA trash skimmer boats. In addition to the large quantity of
trash entering the river viaits many tributaries and storm drain outfalls, 11 mgjor
Combined Sewer Overflow (CSO) outfalls flowing from the District of Columbia’'s CSO
system (which dates from the 1880s) have proven to be significant conveyances of trash
into the river.

Like many other issues facing the Anacostia, trash will not be dealt with by asingle
approach. Trash control will only likely be accomplished by a suite of techniques that
range from reducing trash generation through community education, to interception
before its discharge to the river, to enhanced recovery oncein theriver.

34.9.1 Trash Interception at Anacostia Floodway L evee Pumping Station Facilities

Prince George's County, in conjunction with the State of Maryland Department of the
Environment, has recently installed two mechanically cleaned trash screens at the Colmar
Manor Pumping Station Facility. The pumping stations are responsible for pumping
stormwater flows from an approximately 1500-acre area along the urbanized-side of the
levee to the riverside of the Levee. Stormwater runoff from the urbanized areas carries a
significant load of floatable trash and debris. Prior to the installation of the mechanically
cleaned trash screens, the stormwater runoff, with its floatable trash and debris, would be
pumped directly to the Anacostia River. Since the completion of the Pilot Demonstration
Project, the floatabl e trash and debris are now captured by the trash screens prior to the
stormwater entering the pumping stations. Once the trash is captured, thetrash is
automatically removed by the mechanical trash screen cleaner and dumped into atrash
dumpster. Asaresult, it is estimated that approximately 5-10 tons of trash will be
prevented from entering the Anacostia River each year.

This demonstration project illustrates that trash catching and removal systems can be a
viable tool to combat floatable debrisin the river, and, that such approaches can be
accomplished within very limited land. Based upon the success of this demonstration
project, the County is currently seeking additional grant funding to pursue the installation
of additional mechanically cleaned trash screens at its other pumping station facilities.
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34.9.2 Pilot Trash Control Project At Selected Stormwater and CSO Outfalls

As aready noted, storm drain systems, in general, represent major conveyors of floatable
trash. While curbside screening and street sweeping may capture some trash, debris will
still be swept off the streets and through street inlets and storm drain systems and
ultimately transported to the receiving stream or river. Trash netting systems, designed to
capture this floatable material, are generally placed either within the storm drain system
or directly below itsoutfall. In thetidal Anacostia River, one floating net system was
recently installed near the Sousa Bridge (CSO 018) by DC-WASA as a demonstration
project. Results from the nine-month long evaluation period have been favorable and DC-
WASA expectstoinstall other similar trash reduction systems.

Prince George' s County is about to enter into a Memorandum of Understanding with the
State of Maryland’ s Department of the Environment to identify and install a pilot system
to control floatable debris at selected stormwater outfallsin the Anacostia River. This
trash reduction project calls for the following:

» Planning study to evaluate trash reduction options at storm drain outfalls and
inlets.

* ldentify selected trash reduction options to be implemented at specific outfall
and/or inlet areas.

 Design selected trash reduction options at site-specific locations for
installation.

» Advertise selected trash reduction options for construction and installation.

» Award contract for construction and installation of selected trash reduction
options.

» Complete contract for construction and installation of selected trash reduction
options.

Trash netting systems have aso been modified to work for trash interception on streams.
Three District of Columbia streams have been identified in this plan as potential locations
suitable for the installation of trash nets. Pending final results of the current
demonstration project, it is recommended that these devices be installed at Hickey Run,
Watts Branch, and Lower Beaverdam Creek. Installation, maintenance, and evaluation
costs for three systems would total approximately $750K.

34.9.3 Municipal Trash Management Program

Prince George's County aso has a Municipal Trash Program to reduce the amount of
trash entering storm drainsin all municipalitiesin the County. The Program selects an
intersection in one of the municipalities and retrofit several storm drain inlets with
devices that will capture trash before it enters the storm drain system (Figure 9). In
addition, street sweeping isimplemented on aweekly basis. This program provides
funding for storm drain retrofitsin problem trash areas and to purchase or |ease street
Ssweepers.
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Figure 9. Examples of Municipal Trash Management Devices and Removal Techniques

3494 Anacostia Trash Steering Committee

Maryland Department of the Environment’s (MDE) Anacostia Trash Steering Committee
(MDE, 2001) has identified various options for tidal river trash removal, which include,
but are not limited to, the establishment of a multi-jurisdictional trash removal program
involving several |ead agencies from the state, counties, and District. One option includes
the expansion of mechanical skimmer boat operations above the CSX railroad bridge to
serve Maryland/District of Columbiawaters. This could be accomplished through the
creation of a second skimmer boat program based at the Anacostia Waterfront Park at
Bladensburg. The purchase of additional skimmer boats, including shallower-draft
skimmer boats, should increase the effectiveness of such programs. Another option
includes the expansion of annual volunteer river shoreline clean up efforts, with an
increase in the number of boats provided by MDE, M-NCPPC, the District of Columbia,
and others at such events. The development of new technologies and techniques for
removing shoreline trash could also yield solutions to the problem of trash removal from
otherwise inaccessible or hard to reach stretches of shoreline.

The Anacostia Trash Steering Committee has also suggested that the strategic placement
of floating booms, netting systems, and other trash catching devices at strategic sites
including tributaries such as Lower Beaverdam Creek, Watts Branch, Hickey Run, and
key CSO outfalls, be evaluated and pursued.

The demands of the above mentioned programs and facilities would necessitate the
employment of afull time trash removal/river maintenance staff supported by dedicated
funding sources. Secondary benefits to having staff on the river full time would also
accrue.

This Management Strategy acknowledges that trash is not a primary issue related to the
toxic contamination of the river. Nor does it presume that these efforts will completely
solve the trash issue. However, it cannot ignore the psychological impacts, physical
impacts to wildlife, and chemical constituent aspects related to trash. Therefore, it is
recommended that complementary efforts be taken to intercept and remove trash. In
keeping with the Anacostia Trash Steering Committee’ s recommendation for additional
trash interception devices at tributaries and outfalls, it is recommended that trash catching
systems be installed at various strategic locations.
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Because successful restoration of the Anacostiawill require the involvement and long-
term support of the public as stakeholders in the process, the public perception of the
river isakey element. An educational campaign, such as the effort by the Anacostia
River Business Coalition, should also be actively pursued.

3.4.10 Stream Stabilization and Buffer Wetland Restor ation

Increases in stormwater runoff associated with watershed development have significantly
contributed to stream erosion, habitat |oss, and sedimentation damage in the Anacostia
watershed. These impacts started with the clearing of land hundreds of years ago for
timber and agricultural purposes and have continued as the nature of watershed
development shifted to residential and commercial uses to accommodate population
growth and regional economic development needs. In the recent past, the shiftin
watershed densities and increases in impervious areas to accommodate urban and
suburban land uses was not accompanied by stormwater controls to mitigate the effects of
increased peak runoff flows and reduced replenishment of groundwater to support stream
base flows. The result was devastating in terms of stream channel erosion and the
sediment damages to stream habitat able to support diverse biological life.
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Figure 10: Examples of stream channel erosion and under cutting which requir e stabilization.

Figures 14 through 16 track the progression of stream impacts from a stable channel
through the increasing impacts of channel widening and down-cutting as the stream
attempts to readjust to accommodate the radical changes in hydrology that can
accompany major watershed changes. It has been estimated that up to two-thirds of
sediment loadings generated in developed urban and suburban areas are caused by
accelerated channel erosion rather than from upland overland flow sources, as
traditionally thought. Erosion may also be a significant source of nutrient loadings
impacting waters.
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Figure 11: Severe down-cutting of stream channel has exposed utility features.
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Figure 12: Examples of severe undercutting of stream channels.

Montgomery County has an aggressive program to mitigate the effects of peak runoff and
reduced groundwater infiltration on streams. Since 1927, a comprehensive park
acquisition and subdivision review program has purchased or reserved, as conservation
easements, protective stream buffer areas for most of the large and small Anacostia
tributaries in Montgomery County. These buffer areas help filter pollutants in runoff and
provide habitat cover for fish and wildlife. The County now also employs adiverse array
of stormwater infiltration and detention controls, along with improved site planning, to
help mitigate the impacts of impervious area increases that can so radically affect stream
hydrology and degrade stream habitat. These controls capture and treat runoff to address
both the peak flow quantity impacts on streams and reduce pollutant |oadings contained
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in the runoff. Increasingly effective efforts at construction site sediment control and
stormwater runoff control have been in effect since the early 1970s to mitigate the
stormwater impacts of new devel opment.

Table 6: Montogmery County’s Commitment to Regional Anacostia Restoration Efforts

Project Type Completed or Under Construction | Underway or In Design

Storm water retrofit 1,917 acresin 11 projects 813 acresin 11 projects

Stream Restoration 5.4 milesin 6 projects 12.55 milesin 24 projects

Watershed study Upper Paint Branch; NE Branch Lower Paint Branch
(37.5 5. miles) (7.3 sg. miles)

Since 1990, Montgomery County’s Department of Environmental Protection has also
instituted proactive measures to address runoff impacts and degraded stream conditions
generated in areas of the county that developed before runoff controls were required. This
award-winning Countywide Stream Protection Strategy has received extensive local and
national recognition for its progressive, comprehensive approach and emerging success.
The above table (Table 6) quantifies the extent of Montgomery County’ s efforts to build
storm water retrofit and stream restoration projects that stabilize stream channel erosion
and restore stream habitat.

Thusfar, recently completed watershed feasibility planning studies cover some 45 square
miles of Montgomery County’ s Anacostia watershed drainage. These projects led to the
identification of many opportunities for retrofitting stormwater controls and restoring
degraded sections of Anacostiatributaries. The following photographs show examples of
the Anacostia projects constructed thus far. Some of these projects have been carried out
with cooperation and support from COG and the Maryland-National Capital Park and
Planning Commission. Some have also been carried out in partnership with the U.S.
Army Corps of Engineers. Many projects have also received cost-share grant assistance
from the State of Maryland.
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To date, the County Department of Environmental Protection (DEP) has built or has
under design over 2,700 acres of stormwater retrofit controls (22 projects) and 18 miles
of restored streams (30 stream restoration projects). Projects have been built or under
design in Sligo Creek, Northwest Branch, Paint Branch, and the Little Paint Branch.
Some of the restoration projects also included new wetlands at the end of storm drain
outfalls to mitigate water quality impacts and recreate lost habitat for frogs and
salamanders. DEP swork in the Sligo Creek watershed is the most extensive. Monitoring
since 1989 indicates that the stream now is able to support eleven native fish species,
where degraded habitat conditions in the past were only able to support two species.
Benthic community diversity has also improved. In the upper Paint Branch, temperature
reductions have been achieved in the Upper Gum springs tributary that seem to be
extending the quality and range of the brown trout habitat.
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Collectively, these projects are significantly improving habitat support for aquatic life.
They are substantially reducing the extent of new sediment loads delivered from the
artificially accelerated stream channel erosion that has been stimulated by uncontrolled or
inadequately controlled stormwater runoff. The increased biological diversity that can be
supported through restored stream habitat can also supplement upland stormwater
controls to uptake nutrient loadings that would otherwise be delivered downstream to
further stress conditions in the Anacostia mainstem. Other projects have also diverted
storm flows or taken other measures to reduce stream temperature impacts associated
with watershed development. These latter efforts have focused on protecting fragile
headwater areas of the Upper Paint Branch where protection of the naturally propagating
brown trout fishery is of primary concern.

there are many further opportunities to continue these types of enhancements. These
projects not only enhance and restore habitat, but also substantially reduce pollutant flux
primarily by trapping sediments. Two such projects are being proposed within Prince
George' s County. Streambank stabilization and wetland restoration is recommended for
sites on Paint Branch and Cabin Branch Creek. These projects will reduce suspended
sediment by approximately 75 per cent and trace metals by 40 percent from the drainage
areas totaling approximately 3 square miles. The cost for these projects is estimated at
$845,000. More projects may be developed in the future.

3.4.11 Stream Channel Stabilization and Riparian Buffer Restoration

Increases in stormwater runoff associated with watershed development have had a
significant impact on stream erosion, habitat |oss, and sedimentation damages in the
Anacostiawatershed. These impacts started with the clearing of land hundreds of years
ago for timber and agricultural purposes and have continued as the nature of watershed
development shifted to residential and commercial uses to accommodate population
growth and regional economic development needs. In the recent past, the shift in
watershed densities and increases in impervious areas to accommodate urban and
suburban land uses was not accompanied by stormwater controls to mitigate the effects of
increased peak runoff flows and reduced replenishment of groundwater to support stream
base flows. The result was devastating in terms of stream channel erosion and the
sediment damages it caused to stream habitat able to support diverse biological life.
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The accompanying illustrations (Figures 24-26) track the progression of stream impacts
from a stable channel through the increasing impacts of channel widening and down-
cutting as the stream attempts to readjust to accommodate the radical changesin
hydrology that can accompany major watershed changes. It has been estimated that up to
two-third of sediment loadings generated in developed urban and suburban areas are
caused by accelerated channel erosion rather than from upland overland flow sources, as
traditionally thought. Erosion may also be a significant source of nutrient loadings
impacting waters.

Urban streams are often buried in pipes and culverts or are otherwise covered to facilitate
development or to channel stormwater. In recent years, restoring streams to their natural
biological and physical functionsis an issue that is becoming increasingly popular as the
environmental, social, and even economic benefits of natural drainage patterns and
stream channels are recognized.

Stream rehabilitation projects range from trash removal to daylighting. The term
daylighting applies to projects that expose some or al of the flow of buried waterways.
The daylighting process may be combined with re-naturalization projects such as
recreating floodplains, establishing riparian vegetation, and creating ponds or wetlands.
Although daylighting projects can be rather expensive and require extensive planning and
community education, their potential benefits are manifold, ranging from improved water
quality and stream channel capacity to restored habitats and beautified public spaces.

Daylighting can be a means of routing runoff from combined sewer systems, thereby
reducing the incidences of combined sewer overflows, decreasing loads reaching
wastewater treatment facilities, and lowering maintenance costs of stormwater
infrastructures. The hydraulic performance of arestored stream and floodplain may be
vastly improved over that of an enclosed waterway, and erosion and flooding may be
reduced because runoff is slowed by channel sinuosity and roughness. The associated
vegetation can improve water quality by slowing and infiltrating stormwater, trapping
sediment, and filtering organic and inorganic pollutants. Moreover, restored aguatic,
riparian, and wetland habitats provide valuable living space for fish and wildlife. A re-
naturalized area may also become the focal point in acommunity park, contribute to
urban greenways, create leisure activities such as fishing, and provide learning
opportunities for local school children.

Since 1987, the AWRC and its affiliates have employed aggressive programs designed to
mitigate the effects of peak runoff and reduced groundwater infiltration on Anacostia
streams. Since 1927, the Maryland-National Capital Park and Planning Commission (M-
NCPPC) has had a comprehensive park acquisition and subdivision review program and
has acquired or reserved, as conservation easements, protective stream buffer areas for
most of the large and small Anacostiatributariesin Montgomery and Prince George's
Counties. Theseriparian forest buffer areas help filter pollutants in runoff and provide
habitat cover for fish and wildlife. All three Anacostia jurisdictions now employ adiverse
array of stormwater infiltration and detention controls along with improved site planning
to help mitigate the impacts of impervious area increases that can so radically affect
stream hydrology and degrade stream habitat. These controls are typically designed to
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capture and treat runoff to address peak flow quantity impacts on streams and reduce
pollutant loadings contained in the runoff. Increasingly effective efforts at construction
site sediment control and stormwater runoff control have generally been in effect since
the 1970s and 1980s to mitigate the stormwater impacts of new development.

An example of a comprehensive watershed-based approach is Montgomery County’s
Department of Environmental Protection’ s award-winning 1999 Countywide Stream
Protection Strategy. This strategy has received extensive local and national recognition
for its progressive and comprehensive approach toward addressing runoff impacts and
degraded stream conditions. It isalso being used as a successful model for restoration
activitiesin of the Anacostia watershed.

The following section exemplifies Montgomery County’s and the AWRC' s efforts to
build both stormwater retrofit and stream restoration projects in the Anacostia that
improve water quality, stabilize stream channel erosion and restore stream habitat.

Thus far, recently completed watershed feasibility planning studies cover some 45 square
miles of Montgomery County’ s Anacostia watershed drainage. These projects led to the
identification of many opportunities for retrofitting stormwater controls and restoring
degraded sections of Anacostiatributaries. Figures 27-29 show examples of the
Anacostia projects constructed thus far. Some of these projects have been carried out with
cooperation and support from COG and the Maryland-National Capital Park and
Planning Commission and some in partnership with the U.S. Army Corps of Engineers.
Many projects have also received cost-share grant assistance from Maryland.

To date, the County Department of Environmental Protection (DEP) has built or has
under design over 2700 acres of stormwater retrofit controls (22 projects) and 18 miles of
restored streams (30 stream restoration projects). Projects have been built or under design
in Sligo Creek, Northwest Branch, Paint Branch and the Little Paint Branch. Some of the
restoration projects also included the implementation of new wetlands at the end of storm
drain outfalls to mitigate water quality impacts and recreate |ost habitat for frogs and
salamanders. DEP swork in the Sligo Creek watershed is currently the most extensive.

Sligo Creek monitoring, which has been underway since 1989, indicates that the stream
now is able to support 14 native fish species, where degraded habitat conditions in the
past were only able to support three species. Benthic community diversity has also
improved. Inthe upper Paint Branch, temperature reductions have been achieved in the
Upper Gum springs tributary through the employment of a parallel pipe storm drainage
system. Initial monitoring results strongly suggest that this system seemsto be extending
the quality and range of the brown trout habitat.

Collectively, these projects are significantly improving habitat support for aguatic life
and substantially reduce the extent of new sediment loads delivered from the artificially
accelerated stream channel erosion that has been stimulated by uncontrolled or
inadequately controlled stormwater runoff. The increased biologica diversity that can be
supported through restored stream and riparian habitats can also supplement upland
stormwater controls to uptake nutrient and toxic loadings that would otherwise be
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delivered downstream to further stress conditions in the Anacostia main stem. Other
projects have also diverted storm flows or taken other measures to reduce stream
temperature impacts associated with watershed development. These latter efforts have
focused on protecting fragile headwater areas of the Upper Paint Branch where protection
of the naturally propagating brown trout fishery is of primary concern.

Many further opportunities exist to continue these sorts of enhancements. These sort of
projects not only serve to enhance and restore habitat, but also can achieve substantial
reductions in pollutant flux primarily by trapping sediments.

As part of its ongoing stream restoration program, the Watershed Protection Division of
DC DOH isin the process of evaluating several sub-shedsto determine the feasibility of
creating new habitat in the tidally influenced portion of the Anacostia basin. Habitat
creation possibilities under consideration include stream daylighting, wetlands creation,
augmentation of the riparian buffer zone, and removal of blockages to fish passageways.
So far, apreliminary survey of the Fort Chapin tributary hasindicated that stream
daylighting will probably not be feasible in this sub-shed. Surveys of the sub-sheds of
three other Anacostia tributaries, the Watts Branch, Fort Dupont, and Pope Branch, are
currently under way. Each of these tributaries aternates between an open channel and an
enclosed (piped) channel along its course, and the potential for stream daylighting exists
at anumber of locations along each channel. The implementation phase of the habitat
creation effort islikely to begin in late 2002, though the habitat creation techniques
eventually chosen will depend on the outcome of the surveys and the associated
cost/benefit analyses. Because stream daylighting and wetlands creation are in genera
extremely expensive undertakings in urban areas, the availability of funding will be an
important factor in determining the extent to which these habitat restoration techniques
will be utilized in the Anacostia basin.

The Stickfoot Sewer sub-shed is another areathat is being considered for daylighting.
The Stickfoot sewer drainage basin roughly extends from the St. Elizabeth Hospital to the
Anacostia River and includes the Popular Point area. It has been envisioned by the DC
Department of Health and NOAA that the culverted section of the Stickfoot Sewer in the
Popular Point area be daylighted and combined with the creation of an intertidal wetland,
with the ultimate goal of creating spawning and rearing habitat for anadromous fish. A
funding source has been identified for this project. However, the ultimate use of the
Poplar Point area and the fate of the Stickfoot sewer will not be decided until input from
all interested stakeholders has been considered.

Because of the potential benefits of stream daylighting to urban water quality, we propose
that funding be provided for stream daylighting in the Anacostia tidal sub-basin,
including a comprehensive monitoring program to evaluate the impact on water quality.
Eight tidal basin tributaries are listed on the District’s 303(d) list of water bodies with
water quality impairments due to toxic chemicals. Additionally, many storm sewer lines
are known to convey flow along former small stream beds. We propose stream
daylighting and associated monitoring in six small tributary or separate storm sewer sub-
sheds in the Anacostiatidal sub-basin (in addition to the proposed daylighting of the
Stickfoot sewer, for which District of Columbia Government funding is being made
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available). Until sub-shed surveys are completed, it is not possible to do a detailed cost
estimate for each project. However, assuming that approximately %2 mile of buried
channel is daylighted in each of three sub-sheds, and assuming that the average cost per
linear foot is approximately $1000, the total estimated cost of the proposed daylighting is
$4,000,000. In addition, the estimated cost of associated water quality monitoring,
assuming that inflow and outflow are monitored for five base-flow and five storm events
(with three samples per storm event) at each of three locations, and assuming a cost per
sample of approximately $1200, is $97,000.

There are also other potential opportunities within the upper watershed of the Anacostia
for stream daylighting with wetland creation aswell. Therefore, it isrecommended that
approximately $100,000 be used for conducting a comprehensive stream daylighting
evaluation for the Montgomery County, and Prince George’'s County portions of the
watershed.

3.4.12 Tidal Wetland Restoration

Wetlands, and stream corridors, are the mix of land, plants, animals, and network of
waterways, which perform anumber of valuable ecologic functions, such as providing
habitat for aquatic and terrestrial plants and animals. But these areas also provide
important and economically valuable physical functions such as modulating stream and
river flow, storing stormwater, removing harmful materials from the water, trapping
particul ates, groundwater recharge and so on.

Over 90% of tidal wetlands in the Anacostia have been lost: The Army Corps of
Engineers estimates that, between Bladensburg and river's mouth, approximately 2,500
acres of tidal emergent wetlands have been destroyed, leaving less than 100 acres.
Moreover, the restoration at Kenilworth Marsh constitutes about 32 of these remaining
100 acres.

To address this degradation and loss of valuable wetlands, the State of Maryland, the
counties, and the District have signed various agreements committing each other to
restoration goals. Several projects have been initiated to achieve these goals, and
additional ones are planned. For instance, the District is working with the U.S. Army
Corps of Engineers (US ACOE) and the National Park Service (NPS) to develop plansto
restore 31 acres of wetlands in afringe area downstream of New Y ork Avenue where
mudflats form along the bulkhead. The District also wants to explore allowing the
continued deterioration of bulkheads, while allowing voluntary re-establishment of
fringe emergent wetland plants. The District of Columbia proposed to fund this task for
$300,000.

There are several other locations along the shoreline where mud flats have formed along
the seawall in response to the sediment load from tributaries and the atered
hydrodynamics of the river. With proper design of elevations, planting of wetland
species, and possibly design of hydraulic control structures, many of these areas may be
amenabl e to restoration of tidal wetlands. It is recommended that $500K be used to assess
these areas and devel op specific plans for wetland restoration projects as appropriate.
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Factors that must be considered for any wetland restoration include ensuring a clean
source of sediment that will not contribute to contamination; projects are suitable for their
proposed sites and provide for adequate vegetation planting; wildlife habitat
enhancement; long-term monitoring and contingency plans for maintenance; and, public
participation in and education about wetland protection programs.

3.5 Sediment Remediation

3.5.1 Remediation Strategy Overview

Results from the preliminary risk screening, predictions based upon the Phase I
comprehensive characterization of sediment contamination, observations from other
Phase I work, the observations of other investigators working on the Anacostia, and the
continued fish consumption advisory all indicate that there is unacceptable risk associated
with the contamination of sediments within the Anacostia. To address these risks, the
investigators developed proposals for potential sediment remedial actions. Asits primary
objectives, these actions would reduce risk to benthic organisms and fish from
contaminants (primarily PAHs and PCBSs) in sediment and to reduce risk to humans from
contaminants in fish tissue.

The approach adopted incorporates al available information and integrates an
understanding of the river system as devel oped through the updated Conceptual Site
Model. It assumes the interception of significant loadings to theriver as a prerequisite
necessary to minimize the potential for recontamination, and also that ultimately the
identification and control of point and nonpoint sources will be accomplished.
Additionally, the requisite long-term monitoring needed to assess remedial and source
control effectiveness as well as recovery has been included.

Natural attenuation of hot spot sediments by deposition of cleaner sediment on top of
more contaminated sediment is not necessarily a stand-alone remedy. Natural recovery
by deposition of clean solids is expected to occur for 90+% of the river sediments.
However, this 10+ year recovery process will not abate unacceptable risks rapidly enough
for certain hot spot areas of theriver. Therefore these hot spot areas have been identified
for potential active remediation in the shorter term. Once these hot spots have been
actively addressed, they will continue to recover along with the remainder of theriver as
ongoing sources are controlled. Until source loadings are reduced, minor
recontamination may occur in these remediated areas. At the very least, the surface
sediment concentrations of hazardous substances will be consistent with the levelsin the
remainder of theriver. Therefore, this management strategy focuses on active, integrated,
remedial actions, such as capping, in situ treatment, dredging, and so on.

Given the economic, logistical, technological and ecological constraints involved with
removal and either disposal or treatment technologies for sediment, there may be
significant advantages to managing contaminants in place wherever possible. Treatment
in place, capping, and capping with reactive barriers are al approaches that are
considered for possible application. Any such technology being considered will undergo
full pilot evaluation and feasibility study prior to its selection as aremedial action. The
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investigators have chosen those technol ogies that have been applied el sewhere or appear
most promising, and evaluated their appropriateness and scale of application ssimply for
cost-estimating purposes at this time. The following section details a pilot-scale
evaluation program to evaluate reactive barrier capping in the Anacostia that has been
funded by Congress. This sort of evaluation is exemplary of the investigation and
feasibility study that would be applied before selection of any approach.

3.5.2 Pilot Evaluation of Innovative Capping Approaches

Subaqueous capping involves placement of a covering or cap of clean isolating material
over adeposit of contaminated sediment to physically and chemically isolate it from the
aquatic environment. Innovative active capping techniques, offering both containment
and treatment, however, have not been attempted on any significant scale but can be an
effective, low-cost means of managing the sediments that endanger health. The goal of
such a cap isto ensure that any contaminants that may migrate through a cap will be
sorbed, chemically bound, or degraded before release into the overlying water, while
working within the confines of navigational issues. The operation of such acap issimilar
in function to reactive barrier technologies that have proven successful in managing
migration of groundwater contaminants.

A pilot evaluation program has been funded to provide site-specific preliminary design
information on the application of innovative technol ogies to the Anacostia River where
historic industrial, municipal, and military activities have resulted in potentially
hazardous levels of PAHs, PCBs, metals, and other contaminants. The project will also
demonstrate, on afield scale, the ability to design and construct caps that will provide
treatment of sediment contaminants while simultaneously providing containment. The
project will advance the implementation and acceptance of these under-utilized
technologies by validating their efficacy at a well-characterized field site.

The project approach is to place and monitor several different types of sediment capsin
small pilot cells. These caps will include designs to actively control seepage of
contaminants into the river through permeability control, physically or chemically bind
chemical contaminants or encourage degradation of chemical contaminants. The
objective isto demonstrate the ability to place these caps and evaluate/demonstrate their
effectiveness in achieving their design goals of chemical containment and/or treatment.
The project will be conducted in two phases, each composed of several tasks. The first
phase is to conduct laboratory treatability tests to ensure feasibility and expected
effectiveness of selected cap technologiesin the Anacostia River. Also, the first phase
will involve finer-scale characterization of candidate placement locations, design of the
caps, and preparation for field mobilization. Phase Two will start with construction of the
pilot caps, evaluation of placement effectiveness, and then proceed to evaluation of the
cap effectiveness.

353 Preliminary Identification of Areas Potentially Requiring Active Remediation

This section presents a preliminary identification of areas of the river that are
recommended for potential active remediation based on locations showing the greatest
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risk to aguatic organisms due to elevated concentrations of PAHs and PCBs, and, on
having river dynamics conducive to remedial actions. The selection of these areas draws
upon factors that combine to define the area s suitability for potential active remedial
strategies. A spatia evaluation of contaminant concentrations was performed using the
Gl S-based Anacostia Watershed Project. Figure 13 shows areas of elevated
concentrations of PAHs and PCBs identified by current data. Further evaluation will be
conducted to verify and characterize these locations. The sediment dynamics at these
locations are also considered to determine what remedial actions might be appropriate
and whether the site-specific sediment stability would lend itself to effective, long term
remediation. For instance, areas where sediment dynamics of erosion or dynamic
equilibrium were not considered amenabl e to standard remedial approaches. Placement of
astandard cap in an erosional zone would not provide long-term protection. Due to the
potential depth of contaminated sediments, dredging could involve removal of substantial
volumes to reach acceptable concentrations. Alternatively, minimal dredge cuts, deep
enough to be protective of benthic organisms, could be backfilled (capped) with clean
material. Although this approach may be feasible in parts of theriver, in an erosional
zone this approach could not be expected to provide long-term protection because of
potential erosion of the cap.

It should be emphasized that it is premature to make conclusions regarding the scope for
any actual remedial actions before the risk assessments have been finalized, and before a
more detailed evaluation of alternatives has been conducted. The investigators make their
proposals based upon certain assumptions and the best available information to date, and
do so to provide abasis for cost estimates.

The identification of areas contaminated to such a degree that they pose unacceptable risk
was initially estimated by comparison of sediment chemistry to benchmarks for
protection of ecological resources. For PCBs, the benchmarks applied were the
freshwater Threshold Effect Levels and Probable Effect Levels (TELS/PELS; 34 and 277
ppb respectively) that are indicative of alow and high probability of risk to the benthic
community, respectively. These values draw upon synoptic chemical analyses with
observations not only from bioassays with several freshwater species, but also from
observations of several benthic community metrics. Because of the broad basis for their
derivation, these values are considered more robust than benchmarks derived from single
measurement endpoints. For PCBs, guidelines for sediment have yet to be established for
the protection of fish by bioaccumulation. Completion of the full risk assessment may
indicate that lower sediment PCB concentration are required so that food web exposure
routes to fish are reduced sufficiently such that tissue levels decrease below human health
and ecological risk values. Values assessed by Doelling-Brown in her food web model
were also evaluated geographically. She estimated bioaccumulation at the average PCB
concentration of 286 pp and at half of that value.

For PAHSs that are metabolized by higher-level organisms (fish for example), two
benchmarks were used:

» A freshwater sediment TEL of 1.7 ppm, which is protective of the benthic
community, and
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* A sediment guideline of 2 ppm, which isarisk threshold for benthic fish.

Theseinitia screenings indicate that PAHs in sediments exceed the benchmarks
throughout the entire river. Also, PCBs throughout the entire river exceeded the TEL,,
suggesting the potential for toxicity. Because of the extent of the areas that exceeded
benchmarks based upon toxicity, additional evaluations were conducted to help
determine those areas potentially in need of active remediation. A preliminary spatial
evaluation of contaminant data was conducted to identify those areas that indicated the
greatest degree of contaminant enrichment.

This assessment, together with the sediment dynamics consideration, resulted in
identifying six areas to target for consideration of active remediation (Figure 13).

* Areal: near O Street/SEFC/WNY (PCBs, PAHSs, and metals)

* AreaZ2:just upstream from CSX lift bridge (PCBs and PAHS)

* Area3: between the 11th Street and CSX bridges (PAHS)

» Aread: off Poplar Point (PAHs and some PCBS)

* Areab: upstream from the PEPCO Benning Road facility (PCBS)

* Area6: the areain between the “hot-spots’ and within the depositional zone
of the lower river extending roughly between the South Capitol and 12" Street
Bridges.

Although it should be stressed that sediment contamination throughout the entire river
exceeded toxicity benchmarks for both PAHs and PCBs, the influence of hot spots should
not be overlooked. For instance, the distribution of PCBs as an example tends to reinforce
the utility of dealing with “hot spots.” Although the PCB average observed in discrete
sediment samplesis 0.286 ppm, only 13% of the river bottom is predicted to have values
above thisfigure. And the area of the “hot spots” identified below is approximately only
5% of the river bottom. Preliminary evaluation of the data in the GIS-based Anacostia
Watershed Project by NOAA (unpublished), reducing exposure levels within this 5% of
the river would result in average sediment exposures across the entire river being cut
nearly in half. Comparison of this value (0.286 ppm) to the median PCB concentration of
suspended particulates of 0.171 ppm reported by Doelling-Brown (2001), or even the
lower range measured in suspended sediment loads from the NE/NW Branches of 0.02 to
0.06 ppm would tend to infer that major recontamination issues are limited in scope to
areas near localized sources.

3.5.4 Potential Remediation Approaches

The most common approaches for remediation of contaminated sediment typically
applied at other contaminated sediment sites have been limited to:

e dredging to remove sediment (with several disposal variations);
* capping to isolate contaminants,
* natura attenuation with monitoring of natural recovery over time; or
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» thin-layer amendment or augmentation with clean sediments to accelerate
recovery, followed with monitoring.

The proposed approaches considered for the Anacostia River includes these standard
approaches, but also leaves open the possibility of applying innovative methods for
addressing contamination in place, some of which have only had limited testing on afull-
scale basis.

AWTA has been coordinating with the Sediments Remediation Action Team, under the
Remediation Technologies Development Forum (RTDF), and with others to identify
appropriate innovative alternatives. These innovative in-situ methods can be more cost
effective than standard techniques (dredging and disposal). Additionally, their use in the
Anacostia River would provide opportunities for research and demonstration of
promising new technologies and would eliminate the additional risks associated with re-
mobilization of contaminated material.

An evaluation of the constraints and applicability of each of these emerging technologies
identified was conducted. This was done partly to verify that they were amenable to the
conditions and contaminants present, but also to form the basis of cost estimates should
full feasibility studies support their application.
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Figure 13 Areasidentified for potential active remedial actions.
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It must be stressed that this evaluation does not constitute presumptive remedies for these
areas of concern. Full evaluation of each approach, which may entail pilot scale field
trials, and alternatives would be conducted before any final approach is selected.
Discussion of each Area and the proposed approach to be further evaluated follows.

354.1 Dredging

There are two areas that have been identified as potentially appropriate for dredging:
Arealand Area4d. Arealisinthevicinity of O Street/SEFC/WNY, while Area 4 is off
Poplar Point.

Area 1 covers about 15 acres near O Street/SEFC/WNY . A standard dredging will be
considered to remove this hot spot of contamination. The degree of contamination, the
range of contaminants observed (PCBs, PAHSs, and metals), the temporal consistency of
contamination at thislocale, plus the prospects for source control are all factors for
considering removal for this area.

Capping for isolation typically involves placement of athree foot cap. Addition of this
depth of material may be problematic given the already shallow depths present in Area 1.
Therefore, capping alone is not likely feasible. What is recommended is the removal of
three feet of surficial material. Because this depth of removal is not expected to reach
clean sediments, we propose that the dredge cuts be replaced or backfilled (capped
essentially) with clean material. Since the depth of contaminated materia at this location
is unknown, this approach of removal and replacement is recommended as a more cost-
effective alternative to complete removal by dredging down to baseline levels.

Costs for dredging only are estimated at $15/ yd®, based on recent dredging costs for the
Kingman Lake wetland restoration project conducted in 2000. The Kingman Lake cost
per cubic yard was based on mobilization/demobilization, new work/maintenance
dredging, and water tube dike construction for movement of 186,000 yd® of material

(O’ Neill 2001, persona communication). This cost is comparable to a genera estimate of
$15 to $20/ yd® for removing and transporting contaminated sediments cited in a recent
report summarizing contaminated sediment management and technol ogy issues
(Committee on Contaminated Marine Sediments 1997). These cost estimates encompass
dredging and transport only; they do not include transport out of the area or disposal.

Within Area 1, the total volume of sediment, assuming a dredging depth of 3 feet, is
approximately 73,000 yd®, for atotal dredging cost of $1.5 million. Again, this figure
does not include disposal costs. Because capping would involve acquiring clean material
from outside the area and placing it, minimal costs for capping of the area of 73,000 yd*
are expected to be approximately the same as for dredging, transporting and placement
costs associated with Kingman Lake, or another $1.5 million. If ano-cost source for
clean fill could be found from outside the Anacostia (maintenance dredging along the
Potomac, for instance), costs for capping would entail transporting (by barge most likely)
and placement. Capping of an areathis size is quite feasible. For instance, interim
remedial actions at one Superfund site heavily contaminated with creosote involved a
dispersal cap of 65 acresin water depths from 3 to 20 feet.
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Disposal costs can be highly variable depending on site conditions and the degree of
contamination. For cost estimating purposes, a figure of $300/yd® has been applied. This
would result in total disposal costs of $21.9 million.

Area4 liesin adepositional environment along the southern shoreline off Poplar Point
and appears to stem from releases at the Stickfoot Sewer outfall. Planned restoration of
Stickfoot Creek may address on-going contaminant flux from this apparent source. The
area has elevated levels of primarily PAHS, but asmaller area of finer-grained material
upstream from the outfall sandbar also contains PCBs. The surficia area covers 40,000 to
90,000 yd? of sediment, depending on definition of the “ hot-spot.”

Depth of contamination within this areais not well known. Additionally, the general
Anacostia Waterfront Initiative effort has preliminary plans for renovation of the
shoreline in this region that may entail construction of aboat ramp and other water-
related facilities, and greater use of the waterfront. However, the areais currently quite
shallow. To address risk concerns with this area as well as facilitate re-development, an
aggressive combination of remedial approaches may be appropriate.

Dredging of three feet isidentified as a potential remedial approach for the cost estimate
for this area. Cost figures from Area 1 above are applied to the maximal coverage of this
area at 90,000 yd?. With combined estimates of $315 for dredging and disposal, total
costs to dredge this area are estimated to be $28.4 million, although further
characterization of the exact coverage of this area could reduce thisfigure.

Because sediments exposed after dredging may likely not be clean enough to pass risk
screening, additional contingency measures are planned. This area may be appropriate for
thin layer capping with innovative materials as an additional measure. The use of
Aquablok™ is one such approach. AquaBlok is a patented, composite-aggregate
technology resembling small stones and comprised of a dense aggregate core, clay or clay
sized materials, and polymers. For typical product formulations, AquaBlok's clay
component consists largely of bentonite clay. AquaBlok particles expand when hydrated,
with the degree of expansion determined largely by the product formulation and salinity
of the hydrating water. When a mass of discrete and relatively hard AquaBlok particlesis
hydrated, the mass transforms into a continuous and relatively soft body of material.
Once devel oped, the hydrated AquaBlok material can act as an effective physical,
hydraulic, and chemical environmental barrier. In addition to acting as an effective
environmental barrier, AquaBlok can also provide adequate substrate for wetland
vegetation as well as habitat for some macroinvertebrate organisms, particularly when
additional organic materials (food) is provided as part of the product formulation. The
AquaBlok technology can also act as avector for delivery of wetland seeds as well as
chemical reagentsto facilitate in situ treatment of environmental contaminants.

There are several parameters that would influence how this technology might be applied
for Area4. The spatial coverage, depth of material, type of material, venting, proximity
of railroad access, et ceterawould affect overall costs. Applying some broad
assumptions, costs for Area 4 have been estimated at $2 million.
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35.4.2 Reactive Capping and/or in situ Treatment

There are three areas which may be amenable to innovative remedia approaches, either
asreactive barrier caps or in situ treatment. Costs for various innovative techniques are
often somewhat similar. Therefore, although specific ideas for each area have been
explored in this strategy, the derived cost is considered generic enough for estimating
purposes and allows for the flexibility to select an approach based on final feasibility
studies for each area.

Area 3, located in a depositional environment in the vicinity of Washington Gas (WG)
and Stewart Petroleum, contains elevated PAH concentrations in an area of
approximately 44,400 yd®. Measures to control offsite rel eases from the WG facility are
being implemented. This area also stretches across the river to alarge storm sewer
outfall. The areais at the head of the depositional zone of the lower river. Sediment
dynamics are amix of total deposition and dynamic equilibrium.

An innovative technology called Limnofix may be considered on a preliminary basis for
this area. Limnofix injects oxidants into the sediment to enhance bioremediation of
PAHSs. The Limnofix technology involves pumping calcium nitrate through an injection
boom directly into the sediments (Senefelder 2001 personal communication). The
Limnofix in situ treatment technology has been used in both pilot-scale and full-scale
applications. Field demonstrations have been conducted at two Great L akes areas of
concern contaminated with PAHSs - the Hamilton Harbor and St. Mary’ s River sites. A
full-scale application has been conducted at a former manufactured gas plant sitein

M assachusetts with substantial reductionsin PAH concentrations. Assuming a treatment
depth of 1 meter, the total cost would be approximately $2.1 million with additional
marginal costs for pilot scale testing.

Area 2, located just upstream from the CSX railroad lift bridge is an area with elevated
concentrations of both PAHs and PCBs. This areaiswithin a depositional sediment
environment. The outfall from the NW Boundary swirl facility is one apparent source
within this reach of the river and source control measures are being pursued for this
facility (see Section 3.4.1).

Because contamination isamix of organics, an innovative technology using
electrochemistry might be considered for Area 2. The technology has been tested on a
large scale in Europe, and has been field-tested in the United States. Further evaluation
of thistechnology will be required. Area 2 would need to be adequately characterized to
determine if this approach would apply to the sediment type at that location. The
estimated volume of sediment to be treated at Area 2 is 15,000 yd°.

Area5 isthe embayment in the vicinity of the northern, upstream boundary of the
PEPCO Benning Road facility, where sediments contain PCBs. Sediments in the
mainstream of theriver at thislocation are in dynamic equilibrium, though the
embayment of interest is more likely depositional.

One technology that may be amenable hereisthe in situ dechlorination of PCBs by the
addition of reactive iron. Reports from bench-scal e tests have demonstrated that colloidal
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sized palladium/iron mixtures yielded extremely fast kinetics for dechlorination reactions,
with slightly slower reactions with iron alone (Wang and Zhang 1997). Yak et al. (1999)
demonstrated dechlorination of PCBs using zero-valent iron in subcritical water.
Research efforts are currently underway to investigate the efficacy of this approach for in
situ treatment of PCBs (Gardner personal communication).

Pending successful completion of further bench testing and a possible pilot scale test, this
technique may be appropriate for treatment of PCBs within Area 5. This approach would
have the benefit of not mobilizing PCBs from this area downstream. Bio AquaBlok
capping may also be aviable alternative for this area. Due to uncertainties, firm cost
estimates cannot be generated for remedial actions for this area as yet. Using costs for
other approaches as a guideline, $1 million is estimated for potential implementation of
this technique.

3543 Areab

Area 6 is defined as all the contaminated sediments within the lower river, roughly from
the South Capital Street Bridge and the 12" Street Bridge not already encompassed by
one of the other areas of concern. Sediments within this area appear to be contaminated
by amix of localized as well as upstream sources, but to a more moderate degree than
those within the adjacent hot spots. Levels still are significant enough to pose
unacceptable ecological risks when compared against benchmarks. These sediments are
also all within azone of depositional sediment dynamics which increases the likelihood
that an active remedial action would have long-term stability. The total areafrom bridge
to bridge, including *hot-spots’ is about 100 acres.

As upstream source reduction and habitat restoration occurs, it is anticipated that there
will be areduction in suspended particulate |oadings to the Anacostia. Therefore,
sediment deposition rates within this region of the river, currently estimated to be on the
order of 1%z cm per year (Iessthan one inch per year), will be even lower. This reduced
rate must be contrasted with the depth to which benthic organisms may burrow, disturb
and mix sediment, referred to as the bioturbation depth, to evaluate whether natural burial
processes would be sufficient within the desired timeframe to achieve restoration goals.
Since bioturbation depths of healthy benthic communities typically extend from 10 to 20
cm, this deposition rate is not great enough to make natural attenuation of contaminated
sediments within this area a viable alternative within the desired 2010 restoration time
frame.

Since this areais depositional, accelerated burial of contaminated sediments may be a
viable approach to achieve remedial goals within areasonable time frame. Broadcast
distribution of athin layer of clean sediment over contaminated sediments is an approach
that has been applied at other sediment sites around the country as an alternative to
dredging and removal. Providing cleaner substrate also can accel erate recovery of benthic
communities.

This approach to dealing with such an area assumes that a source of clean material of
appropriate grain size would be available from dredging projects in the Potomac River
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and could be barged to the Lower Anacostiafor dispersal. Existing projects have shown
that broadcast distribution can be easily and cheaply performed by simply washing
sediments off barges with hydraulic force. This technique also results in amore uniform
layer than other placement approaches.

This action would essentially be chosen as afinal “polishing step,” subsequent to many
other load reduction actions, should those actions and the remediation of the local hot
spots not provide sufficient reductions in exposures to meet restoration goals. Because of
the complex interaction of local sources and those throughout the entire watershed, it is
not possible at this time to determine the likelihood of requiring such an action to meet
the 2010 restoration goal. For estimating purposes, an amount of $5 million dollars has
been budgeted for this action.
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4 Total Costs for Toxics Reduction and Sediment Remediation

Category / Activity |

| Cost (% millions)

Non-point Source Reduction

Sorm water retrofit

Retention/Detention facilities 32.0
Low Impact Development (LID) 30.0
Water Quality Inlets 15
Filtration Devices 2.1
Building Code/Institutional changes 04
Sub-total 65.5
Non-storm water Retrofit
Stream Restoration 22.0
Tidal wetland Creation 7.2
Street sweepr Programs 6.6
Trash Reduction Systems 15.0
Pollution Prevention/Watershed Outreach 10.0
Sub-total 61.6
Poiont Source Reduction
End-of-pipe Controls \ 10.0
Tidal River Sediment Remediation
\ Anacostia Remediation Sites \ 65.0
Monitoring, Tracking, Reporting and Coordination
Automated Water Quality Monitoring Network 3.9
Fish Tissue Sampling 0.6
Bioaccumulative Flux 0.2
SPMDs 0.2
Groundwater Sampling 1.1
Watershed tracking, reporting, coordination 5.0
Sub-total 11.0
GRAND TOTAL $212.6
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EXECUTIVE SUMMARY

Horne Engineering Services Inc., (Horne Engineering), was contracted by the Hazardous
Substance Research Center/South and Southwest (HSRC), Louisiana State University, to assist
HSRC in conducting validation of “active capping” technologiesin the Anacostia River,
Washington, D.C. The objectives of the site characterization were to collect and analyze a broad
range of physical, chemical and biological information; to establish an environmental baseline
for the proposed capping areas; and to obtain sufficient sediment geotechnical datafor cap
placement and design. This report summarizes the site characterization investigation findings
and results.
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1.0 PROJECT DESCRIPTION

Horne Engineering Services, Inc. (Horne Engineering) conducted the site characterization under
the direction of the Hazardous Substance Research Center/South and Southwest (HSRC),
Louisiana State University (LSU), and in accordance with the revised Site Characterization Plan
(SCP) (Horne 2002). The SCP was reviewed, commented on, and approved by the members of
the Anacostia Watershed Toxics Alliance (AWTA), including the United States Environmental
Protection Agency (USEPA), the District of Columbia Department of Health (DOH), the
National Park Service, and other government and private organizations.

1.1  Project Background

The HSRC is conducting comparative validation of innovative “active capping” technologiesin
the Anacostia River, Washington D.C. The goal of such acap isto ensure that any contaminants
that may migrate through the cap will be sorbed, chemically bound, or degraded before release
into the overlying water. The project seeks to provide site-specific preliminary design
information on the application of innovative technologies to the Anacostia River, where historic
industrial, municipal, and military activities have resulted in potentially hazardous levels of
polynuclear aromatic hydrocarbons (PAHS), polychlorinated biphenyls (PCBs), metals, and other
contaminants. The project will also demonstrate, on afield scale, the ability to design and
construct caps that will provide treatment of sediment contaminants while simultaneously
providing containment. This project isan integral part of the efforts led by the AWTA to
improve water quality and restore the river.

1.2  Project Purpose and Scope

The site characterization represented one component of the Anacostia River cap demonstration
project. The purpose of the site characterization was the following:

e Establish the lateral and vertical variability of physical, chemical, and biological
characteristics, including metal, PAHs, and PCBs, and benthic community assessment.

e Identify the current status of contamination

e Confirm appropriate areas for cap demonstration

e Determine the geotechnical characteristics of sediment to support cap design and
construction

e Délineate the site geophysical conditions, including "chirp" sonar, side scan, sediment
profiling imaging, bathymetric measures, and magnetometry survey

e Provide necessary baseline data for future evaluation of effectiveness of the capping
placement and capping technologies.

1.3 Investigated Areas Description

Two investigation areas in the Anacostia River (Figure 1) were identified for characterization,
based on previous site investigations and studies and known contamination summarized in the
report tilted Interpretive Summary of Existing Data Relevant to Potential Contaminants of
Concern within the Anacostia River Watershed by Syracuse Research Corporation (SRC) and the

Horne Engineering Services, Inc. 1 10/10/03

Draft Ste Characterization Report
A-101



Figure 1. Survey Area L ocation Map
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National Oceanic and Atmospheric Administration (NOAA) (SRC and NOAA 2000). Both
areas are adjacent to the Washington Navy Yard. Areal isjust downstream from an old
combined sewer outfall (CSO) site and in the area between the Earth Conservation Corps (ECC)
pier and General Services Administration (GSA); Area 2 is near an old gas-manufacturing
(OGM) site and a petroleum company site. The contaminants of concern are PCBs, PAHSs, and
metals near the CSO (SRC and NOAA 2000) and PAHs and metals at the OGM site (SRC and
NOAA 2000). The areas selected for investigations are also identified for potential remedial
actionsin an AWTA report Charting a Course Toward Restoration: A Toxic Chemical
Management Strategy for the Anacostia River (AWTA 2002).
1.4  Report Organization
This Site Characterization Report is organized in the following sections:

e Section 1 provides a brief project description

e Section 2 summarizes the Anacostia River background information including history, site
selection, and existing contamination information

e Section 3 discusses the field investigations including utility clearance and permitting
e Section 4 discusses the geophysical investigations

e Section 5 discusses the sediment profile interface photography survey

e Section 6 discusses the sediment contamination characterization

e Section 7 discusses hydrodynamic data collection and the river flow current velocity
survey

e Section 8 discusses the sediment geotechnical characterization
e Section 9 discusses the benthic community survey

e Section 10 provides references used in the preparation of this document.
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2.0 BACKGROUND INFORMATION
21 The Anacostia River

The Anacostia River is afreshwater tidal system draining an urban watershed encompassing 176
sguare milesin Maryland and the District of Columbia (Figure 2). The Anacostia River
watershed is a subwatershed within the Potomac River Drainage Basin, which in turn empties
into the Chesapeake Bay.

The mean yearly discharge rate of the Anacostia River is 1,030 gallons/second (sec), and records
dating from 1986 indicate a minimum discharge rate of 13 gallons/sec and a maximum of
237,760 galons/sec. The high volume-to-influx ratio in the tidal Anacostia River resultsin a
flow rate frequently described as “sluggish.” Under normal conditions, river currents are driven
by tidal fluctuations. Estimates of cumulative flushing times based solely on atidal prism model
(i.e., noriver inflow), using updated river morphology, were calculated at 23 days (Katz et al.
2000). Because of the addition of river inflow, actual flushing timeswould be less.

2.2  PreviouslInvestigations of the Anacostia River

Substantial deforestation and agricultural development, intense and continuous urbanization,
industrial development, and significant loss of fringe wetlands and marshes have resulted in
significant degradation of water quality in the Anacostia River. Elevated levels of hazardous
substances, including PCBs, pesticides such as chlordane, lead and other heavy metals, and
PAHs have been found in sediment throughout the 8.4-mile run of the Anacostia River (SRC and
NOAA 2000, Velinsky and Ashley 2001). Hazardous substances such as PCBs have been found
in fish at concentrations exceeding the Food and Drug Administration (FDA) Action Levels.
The District of Columbia declared several fish consumption health advisories in the 1990s, with
restrictions on consuming bottom-feeding species and game fish and a fish consumption ban for
pregnant women and children.

In addition, the USEPA identified the Anacostia River as one of the most contaminated riversin
the Chesapeake Bay watershed; it is one of three Regions of Concern recognized by the
USEPA'’ s Chesapeake Bay Program as posing a significant risk to aquatic life from sediment
contamination.

2.3  Regional Geology

The watershed is comprised of the Piedmont Plateau and the Coastal Plain provinces. The
Piedmont’ s rolling hills are made of thin layers of sediment overlying metamorphic and
crystalline rocks. The topography of the Coastal Plain gently grades from the fall line to the
eastern shore and is made of athickening wedge of fluvial and deltaic sedimentsto the east. The
western limit of the province is commonly referred to as the Fall Line, which is located
approximately 3 miles northwest of the site.

Horne Engineering Services, Inc. 4 10/10/03

Draft Ste Characterization Report
A-104



Demonstration Area

Figure 2. Anacostia River Map
(Sources: Anacostia Watershed Society Homepage)
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24  Regional Climate

The region has a humid, continental climate marked by seasonal temperature changes. Annual
precipitation is approximately 39 inches, with nearly uniform distribution throughout the year.
The mean annual air temperature is about 57 degrees Fahrenheit (F) (USDOA 1976). In winter,
the average temperature is 37 degrees F, and the average daily minimum is 29 degrees F
(USDOA 1976). Iceformation in the Anacostia River during winter is unlikely.

25  Site Geology

The site geology information was derived from the test borings completed during the
geotechnical investigation. The surficial sediment consisted of high-plasticity silty clay, which
classifies as CH according to the Unified Soil Classification System (USCS). From the mud line
and extending to at least 10 feet below that elevation, these soils were very soft, extremely weak,
and highly compressible. Detailed site geology is discussed in Section 8.0.
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30 FIELDINVESTIGATIONS

This section provides an overview of the field investigation methodologies. Mobilization for the
site characterization commenced on 7 January 2003 and continued through 5 June 2003. A two-
stage sampling approach was implemented to characterize the site. Stage 1field investigations
included the following:

e Geophysical investigations with bathymetry measurement, side-scan sonar, “chirp” sonar,
and magnetometry survey

e Sediment profile interface (SPI) photography survey

e Sediment characterization including sediment, sediment pore water, and water column
contamination evaluation

e Current velocity measurement with the Acoustic Doppler Current Profiler (ADCP)

e Multicoring for sediment radionuclide characterization

e Geotechnical investigation

The Stage 1 field investigations were performed in phases, with information generated from each
phase used to determine the best approach for conducting the next phase of data collection. The
initial noninvasive geophysical work was used to confirm and refine the proposed sampling
strategy and locations within the subject areas.

The Stage 2 field investigations included the following:

e Submerged aquatic vegetation (SAV)
e Benthic community survey

However, the originally proposed SAV sampling was determined unnecessary based on water
conditions, sediment-profiling imaging review, and through consultation with the DOH.
Therefore, the Stage 2 sampling included only the benthic community sampling collection and
evaluation.

3.1  Utility Clearance

Prior to the field investigation activities, Miss Utility and owners of private utilities near the
demonstration areas were contacted to ensure that the proposed sampling/boring locations would
not impact any utilities near the shoreline or crossing the Anacostia River.

3.2  Permitting

A Section 10 permit under the River and Harbor Act was obtained from the United States Army
Corps of Engineers (USACE) for the site characterization activities. The DOH issued a Water
Quality Certificate (WQC) in accordance with Section 401 of the Clean Water Act and stipulated
the specific conditions to be followed for the field activities. In addition, the State Historic
Preservation Officer for the District of Columbia was contacted as required under the National
Historic Preservation Act, Section 106.
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40 GEOPHYSICAL INVESTIGATIONS

On 7 January 2003 through 9 January 2003, Horne Engineering and its subcontractors, (Earth
Resource Technology (ERT) and Ocean Surveys, Inc. (OSl)), conducted
geophysical/hydrographic surveysin the two demonstration areas shown in Figure 1. The
objectives of the surveys were to determine the topography of the river bottom, to characterize
the stratigraphy of the underlying sediments, to locate any metallic objects, and to detect any
debris protruding out of the sediments. The surveys included a bathymetric survey, a side-scan
sonar survey, a subbottom profiling survey, and a magnetic survey.

41 Materialsand Methods

This section provides a brief discussion of geophysical surveys. A detailed discussion of field
methodology and equipment isincluded in Appendix A.

Survey operations were conducted from the R/V Willing, a 26-foot enclosed-cabin survey vessel
modified specifically for geophysical surveying. A Differential Satellite Global Positioning
System (DGPS) receiver interfaced to a laptop computer was installed onboard to precisely
navigate the vessel throughout the survey area. Differential satellite corrections were transmitted
to the survey vessel viaU.S. Coast Guard (USCG) DGPS radio beacon, providing accuracy to +
3 feet throughout the survey area. Prior to conducting survey operations, the accuracy of the
positioning system was verified by occupying a known horizontal point. This point, MW-3, was
astilling well located on the Navy Y ard bulkhead at the edge of the Anacostia River and adjacent
to the survey area. Also, prior to surveying, the Horne Engineering field team established atide
gauge and tide board at the Navy Y ard bulkhead adjacent to MW-3. Tidal water level readings
were recorded and used to correct the depth data to the North American Vertical Datum of 1988
(NAVD 88).

Bathymetric sounding, magnetometer, and subbottom profiling data were acquired
simultaneously along 25 survey transects oriented parallel to the course of the river and evenly
spaced at 20 foot intervals in both survey areas. Survey investigations were performed along a
series of tracklines oriented parallél to the river shoreline in the demonstration areas. Survey
transects were spaced at 20-foot intervals. Severa survey transects oriented perpendicular to the
primary survey transects were investigated, to provide quality control and to enhance the overall
geophysical interpretation. In total, 32 transects were surveyed, equating to more than 28,000
feet of dataacquisition. Additionally, side-scan sonar imagery was acquired along several
longitudinal survey linesto provide approximately 100% coverage of the riverbed in both survey
areas. Primary geophysical equipment installed on the vessel and employed to complete the
investigation included the following:

e A Trimble DSM212 DGPS interfaced with amodified version of Coastal
Oceanographic’'s HY PACK PC-based navigation and data logging software package

e AnInnerspace Model 448 digital depth sounder

e A Marine Sonics side-scan sonar system
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e A Geometrics Model G-881 cesium marine magnetometer

e An Edgetech Geostar full-spectrum “Chirp” subbottom profiler, equipped with a SB216-
towed vehicle.

4.2  Data Analysisand Discussion

This section provides the overall summary discussion of the geophysical survey. Detailed data
analysis and discussion are provided in Appendix A.

4.2.1 Bathymetric Data

Bathymetric data collected in the Anacostia River provided the framework to characterize and
document the general river-bottom topography. The survey areafor Area 1 is approximately 800
feet long and 375 feet wide with water depths ranging from approximately 5 feet to 20 feet
below NAVD 88 or 3.6 feet to 18.6 feet below Mean Lower Low Water (MLLW). Figure 3
shows the conversion between NAVD88 and MLLW, with the benchmark located about 5,000
feet west of Areal. Areal bathymetric data and the tracklines are depicted in Figure 4. The
topography of the river bottom in the western half of the area slopes downward at less than a4%
grade from northwest to southeast throughout the area. The topography in the eastern half of the
area shows that the riverbed is generally steep where atrough of deeper water approaches the
shore, then displays a gentler slope from northwest to southeast further from shore.

The survey areafor Area 2 is approximately 1,000 feet long and 200 feet wide, with water depths
ranging from approximately 7 feet to 19 feet below NAVD 88 or 5.6 feet to 17.6 feet below
MLLW. Thetopography of the river bottom in Area 2 is shown in Figure 5 and slopes from the
northeastern and southwestern boundaries toward the approximate center of the area at slightly
more than a 1% grade. The topography in the area shows that the riverbed is generally shallow
near shore and then deepens toward the center of the area. In the very northern corner of the site
adjacent to shore, the topography indicates a steeper slope near shore. This slopeis interpolated
due to limited vessel access caused by the presence of a barge in the survey area at the time of
the survey.

4.2.2 Riverbed Characterization

Riverbed characterization was derived from the findings from side-scan sonar imagery, in
conjunction with sounding data, subbottom profiler data, push probes, and field observations.
Side-scan sonar mosaics of both areas, constructed from digital side-scan sonar imagery acquired
in theriver, present aview of the riverbed similar in appearance to a high-angle aerial
photograph negative. The side-scan sonar mosaics for Area 1 and Area 2 are presented in Figure
6 and 7, respectively. Darkened areas on the image indicate features extending off the riverbed,
while light areas are representative of shadows behind features or surface depressions. Figure 8
provides a representative section of side-scan sonar imagery that depicts the fine-grained
sediments found throughout the majority of both areas.
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Figure 3. Conversion between NAVD88 and MLLW
(Source: http://www.ngs.noaa.gov/cgi-bin/ngs_opsd.prl)

Horne Engineering Services, Inc. 10 10/10/03

Draft Ste Characterization Report
A-110



s A A O

LEGEWD
e O e Y DK R K COINRCURE

B G0 TR D W S R T AT e el
0 RO T SRR, DO

E BLFI=E aiq sn WM dal e Bl &R R CID W owdT
o By W LR DTS e D EL

LS Lt L] i
e A DTN D RO H WD Dbl 0 2000 L R
VIR RISV CEIE T SR IBATEE BT 35 LWEL

Horne Engineering Services, Inc.
Draft Ste Characterization Report

Figure4. Area 1 Bathymetric Data

11

10/10/03

A-111



LEGEMD

— A — YRR COMTOUES
L1 umvEyapes
RIEYEY TRECELINE

RELE e T . : L AR TR T T
“m - [] m B

4 DHOAE S0 30N R EESRE F A RO
PRl ST DOTIOTTOH oy O BT il 1 EFEHE T
I W T WS 00 OF L HE e v

Figure5. Area 2 Bathymetric Data

Horne Engineering Services, Inc. 12 10/10/03
Draft Ste Characterization Report

A-112




B T PR LT N L LELELE PR L
L L B B W A L L ¢ L L

o L g T ey
LT |- Te e e ey e
. I L LB EUELE LI LN LN
XdF-" I I L el S L | A L

L ETUR

Figure 6. Area 1 Side-Scan Sonar | magery

Horne Engineering Services, Inc. 13 10/10/03

Draft Ste Characterization Report
A-113



o L L L L L e
— L LN

ot o L ) L r——
G A T ™ = Iy riy—y—)
L P L e R LE TR

Tl T PR T L B P L
L " B o T W L L LN ¢ L LR
e e AP e T

LN Lt L L LN B LELEL 2
L L LN L LN LN .
E - LR
-n

I L e W ekt N " A
W T R

Figure7. Area 2 Side-Scan Sonar | magery

Horne Engineering Services, Inc. 14 10/10/03
Draft Ste Characterization Report

A-114



Figure 8. Reproduction of a Side-Scan Sonar Record Depicting the Acoustic Returns Typical of Fine-Grained Sediments
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Fine-grained sediments ranging in size from clay to sand were identified on the riverbed and
along most of the riverbank in both study areas. An area of dightly darker sonar returns was
noted in Area 1 near the shore, adjacent to the outfall tunnels that make up part of the bulkhead.
These returns appear dark because of the close proximity of the sides-can sonar fish to the
steeper bottom slopein this area.

Subbottom penetration using the “Chirp” system was limited along all tracklinesin the survey
areas because of site conditions. The profiler system was only able to achieve penetration in
approximately the upper 1 foot of riverbed sediments. Based on past experience, it is believed
that the restriction in subbottom penetration may be attributable to the presence of gaseous-type
sediments in the near subsurface. Inthe analysis of the sediment profile interface images (see
Section 5), gas voids were noted in all of the images acquired in both survey areas. Gaseous-
type sediments are defined as sediments that contain concentrations of gases generated as a by-
product of the decomposition of organic matter (remnant of a pal eo-estuarine environment)
present in the sediment (Figure 9). The gases trapped in the sediment inhibit acoustic signal
propagation (penetration) and reduce the ability of the subbottom profiler to resolve subsurface
acoustic reflectors. The critical concentration of gases that inhibit acoustic penetration is
variable and is related to many other factors such as sediment type, compaction, and the age of
organics present in the sediment. The presence of organically derived gases in sedimentsis not
an uncommon phenomenon and often characterizes sediments in upland rivers, bays, and
estuaries. Figure 10 (arepresentative section of subbottom profile data acquired during this
investigation) exemplifies the limited subbottom penetration that was typical within both survey
areas and between the areas.

4.2.3 Obstruction Analysis

Numerous obstructions on the riverbed were detected in both survey areas. During side-scan
sonar data analysis, several sonar targets were selected. The criteriafor selecting sonar targets
was primarily based on the relief, or height above the riverbed, atarget displayed. Secondary
criteriawere based on the size of the target’ s length and width. Of the sonar targets identified
within the survey areas and adjacent near shore areas, three targetsin Area 1 and SS-62 in Area 2
had heightsin excess of 3 feet. In addition, five of the sonar targetsin Area 1 had corresponding
magnetometer anomalies. Other magnetic anomalies detected on the riverbed were identified
based on the magnitude and duration of their magnetic signature. Most of these targets displayed
no corresponding sonar target, indicating these objects may be buried beneath the riverbed. The
anomalies and magnetic intensity contours for each area are provided in Appendix A.

43  Summary

In summary, the acquired data sets and field observations indicate little variability in the surface
and subsurface sediments, both horizontally and vertically. Push probes and sediment profile
images (Section 5) show that throughout both areas the predominant sediment type ranged from
agueous silty clay to silty fine sand.

Several objects were noted on the surface of the riverbed in both survey areas. The largest
objectsin Area 1 and in Area 2 had measured heights above the riverbed in excess of 3 feet.
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Figure9. SPI Photo with Gas Bubble
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Numerous magnetic anomalies were identified within both survey areas. While many of these
anomalies appear to represent objects buried beneath the surface of the riverbed, severa also had
corresponding side-scan sonar targets (Appendix A).
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5.0 SEDIMENT PROFILE INTERFACE PHOTOGRAPHY SURVEY

On 10 January 2003, the Horne Engineering team conducted a SPI survey at the two designated
areas in the Anacostia River. The objective of the survey was to determine near-surface
sediment characteristics of the riverbed and to characterize the benthic habitats in the two areas
prior to sampling for benthos and sediment chemistry.

A sediment profile camera was used to investigate processes and the structuring of the sediment-
water interface, and to obtain in situ data on benthic habitat conditions. The SPI allowed for the
development of a better understanding of the complexity of sediment dynamics, from both a
biological and a physical sedimentation point of view.

51 Materialsand M ethods

Photography operations were conducted from the R/V Willing, a 26-foot enclosed-cabin survey
vessel designed specifically for sediment profile camera operations. A digital Hulcher sediment
profile camera was used to capture sediment images. The digital sediment image was deployed
with alive video feed to the surface to monitor camera performance.

The digital profile camera captured a 5.2 megapixel image that produced a 14.1-megabyte RGB
image. Images were stored on 1 gigabyte IBM microdrives. The camerawas set to take a series
of images on bottom contact at about a 1.5-sec interval (about 8 in the 12-sec period the camera
was left on the bottom). Images were transferred from the microdrive to a computer and then to
a CD-ROM for more permanent storage while still in the field. The weight of the cameraframe
was kept constant at 42 kilograms (kg) to allow direct comparison of sediment compaction
between areas.

Sediment profile images were successfully collected at 50 stationsin Areal and 31in Area?2
(Figures 11 and 12, respectively). Stations were arranged in transects oriented perpendicular to
the shoreline. For each area, areference transect was extended from the area boundary across
the river to the southern bank. Figures 13 and 14 are composite mosaics, with SPl images
arranged spatially by station. Theimage from Station 17 in Area 1 was not included because it
had no penetration.

5.2 Results and Discussion

This section provides the overall summary discussion of the SPI survey. Detailed data analysis
and discussion are provided in Appendix A.

5.2.1 Physical Processes and Sediments

Physical processes appeared to dominate the two study areas, with the sediment surface at all
stations being entirely physically dominated. None of the stations appeared to have sediment
surfaces dominated by biological processes. The dominance of physical processes was most
apparent in the distribution of sediment grain sizes and flocculent unconsolidated surface
sediment layers. Flocculent layers occurred at 73% of the stationsin Area 1 and 86% of stations
inArea?2.
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Figure 13. Mosaic of SPI Imagesin Area 1
(Image from Station 17 has no penetration. Images are all 15.5-cm wide)
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Figure 14. Mosaic of SPI Imagesin Area 2
(Images are al 15.5-cm wide)
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Sediment grain size estimated from the SPI images compared favorably with samples collected
from previous studies. The range of silt-clay for stations near Areas 1 and 2 was 44% to 99%
and 86% to 98%, respectively. The side-scan survey conducted prior to SPI sampling indicated
little variation in surface sediment texture within an area, the images also indicated that Area 1
was sandier than Area 2.

5.2.2 Biogenic Activity

It appeared that the dominance of physical processes at al of the stations has lead to unstable
surface sediments that prevented the development of, or obscured, any surface biogenic
structures, such as tubes or epifauna. Subsurface biogenic structures associated with infaunal
burrowers, likely formed by larval chironomids, were seen at three stations (A1-6, A1-26, and
A1-49). Oligochaetes, which are the numerically dominant faunain the Anacostia River
(McGee and Pinkney 2002) and other tidal freshwater systems (Diaz 1994), are free-burrowers
that do not oxygenate their burrows (McCall and Fisher 1979).

53 Summary

The distribution of sediment types within both Areas 1 and 2 appeared to be dominated by
physical processes, with unconsolidated flocculent sediment layer at the surface of most stations.
Biogenic activity of epifauna and infaunawas not a predominant factor in structuring surface
sediment at any station. The presence of infaunal worms at many of the stations indicated that
benthic habitats were not severely degraded. There was no evidence at either Areas 1 or 2 that
submerged aquatic vegetation were present. All large pieces of detritus were of terrestrial origin.

There were no obvious gradients within either Area 1 or 2 relative to any of the SPI parameters,
except for the northeast corner of Area 1 that had a series of stations with no penetration. It
appeared that sediments at most of the stations had high concentrations of detritus mixed in,
which supported a high rate of methanogenesis.
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6.0 SEDIMENT CONTAMINATION CHARACTERIZATION

Due to budgetary constraints, studiesin Area 1 were continued for contamination
characterization. Area 2 characterization was on hold until funding becomes available.

The selection of Area 1 for characterization was based on previous site investigations and known
elevated contamination summarized in the report Interpretive Summary of Existing Data
Relevant to Potential Contaminants of Concern within the Anacostia River Watershed (SRC and
NOAA 2000). The siteisdownstream of an active CSO site. The contaminants of concerns are
PCBs, PAHSs, and metals near and downstream of the CSO and are well documented (SRC and
NOAA 2000). Arealisalsoidentified for potential remedial actionsinthe AWTA report
Charting a Course Toward Restoration: A Toxic Chemical Management Strategy for the
Anacostia River (AWTA 2002).

Other considerations for Area 1 selection included the following:

e Arealissituated outside of the navigation channel. Therefore, encroachment into the
navigational channel isunlikely.

e Arealischaracterized as arelative slow-flow segment of the Anacostia River (Schultz,
2001). Thiswas confirmed with the field measurements discussed in Section 7.0.

e Thewestern half of Area 1l is characterized with aminimal slope (less than 4%).

Thus, an areain size of approximately 250 foot by 500 foot in the western half of Area 1 was
selected for contamination characterization and comparative analysis.

6.1 Surficial Sediment Grid Deter mination

The sampling grid locations for surficial sediment were determined using a procedure described
in Satistical Methods for Environmental Pollution (Gilbert 1987). This method describes a
systematic sampling strategy to collect surficial sediment samples, with a proposed grid spacing
50 feet by 50 feet within the study area (Horne 2002). No refinement or adjustment was required
to alter the surficial sediment sampling strategy, based on the findings from the geophysical
surveys of relatively homogeneity across Areal. A total of 60 surficial sediment sampleswere
collected.

In addition, three additional surface sediment samples were collected near the CSO outfall at
random locations for indicative analysis. The surficial sediment sampling locations are shown in
Figure 15.

6.2  Gravity Coring L ocation Determination

The number of core samples required to characterize the site was determined using a method
developed for sediment dredging activities (Keillor 1993). Based on this method, 8 random
coring samples were required to cover the area of interest (Horne 2002). Eight coring locations
were randomly selected within Area 1 to cover the range of possible variation within the
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sediment from near shore to near channel deposition. The gravity coring locations coordinates
were averaged where three cores collected and plotted in Figure 15.

6.3 Surface Water and Pore Water L ocation Deter mination

Surface water samples and pore water samples locations were randomly selected across Area 1.
Surface water samples were collected from middepth of the water column. The sediment-pore
water samples were collected viathe gravity corer. Both surface water and pore water sampling
locations are presented in Figure 16.

6.4  SampleLocation Identification

Sampling locations in the field were determined and recorded using a Trimble ProXRS DGPS.
The ProXRS used the USCG Differential Beacon System to obtain the accuracy of sampling
location. All sampling point nodes were located using DGPS coordinates with an accuracy of *
3feet. Theselocations were referenced to the Maryland State Plane Coordinate Systems North
American Datum (NAD) 1983. The DGPS antennawas located directly above the lifting point
where the sampling device (i.e., Ponar and gravity corer) was lowered into the water. Some
sampling locations were adjusted in the field relative to grid locations, either because of the
inability of the boat to hold a position as aresult of high wind velocity or because of bottom
conditions that resulted in low sediment volume recovery. Thefield notes are provided in
Appendix B.

6.5  Sample Collection
6.5.1 Surficial Sediment Collection

Surficial sediment sampling was conducted from a 26-ft workboat equipped with a 12-inch-by-
12 inch Ponar grab sampler, a gantry, and a hydraulic winch for sampling operations. The grab
sampler weighs more than 30 Ibs. The weight of the sampler is heavy enough to penetrate the
bottom sediments to ensure that a sufficient quantity of sediment and the appropriate penetration
depth (averaging 4 inches) was sampled. The sampling device actuates upon impact, using its
weight from free fall to penetrate the sediment substrates. After the sampler was secured on
deck, the sediment sample was inspected for the following acceptability criteria:

e The sampler was not overfilled

e Theoverlying water present was not excessively turbid, indicating minimal sample
disturbance during collection

e The sediment surface wasrelatively flat, indicating minimal disturbance

e Thedesired penetration depth was achieved

If the sediment sample did not meet all the above criteria, it was rejected and the location re-
sampled. The process was repeated until all surficial sediment samples were collected. The
surficial sediment field notes are included in Appendix B.
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6.5.2 Gravity Core Collection

Gravity coring was conducted from a 26-ft workboat equipped with a gantry and hydraulic
winch for coring operations. The following procedures were used to collect sediment cores
with agravity corer:

A precleaned, decontaminated 3-foot section of cellulose acetate butyrate plastic liner
with adiameter of 4 inches was fitted with a clean stainless core catcher at the bottom
and a pressure-relief valve at thetop. The liner was placed inside the gravity corer.

The boat was positioned and anchored near each sampling location. The corer was then
lifted into position over the rear of the boat. The corer was lowered until the top of the
corer was positioned just above the waterline and secured. The crew then released
enough steel rope from the winch to allow freefall of the corer to penetrate the sediment
below the mud line. The operator then released the corer. The winch operator woundin
the winch wire until it was taut, and the rear of the boat was approximately over the core
position on the bottom. The position of the corer was recorded, using the DGPS unit.
After position was recorded, the gravity corer was bought up on deck and inspected for
recovery.

The core liner was removed from the corer, the core catcher was removed from the
bottom of the core liner, a core cap was placed on the bottom of the core, and the cap was
taped in place. The core was then moved into avertical position. Excessliner above the
sediment-water interface was cut off with a hacksaw and clean hacksaw blade. The top
of the core was then capped and taped.

The liner and both caps were labeled. Labeling included the following information:

- Station location

- UniquesampleID

- Core number and total number of cores per station
- Referenceto top and bottom of core sample

The process was repeated if additional sediment volume was required. An additional core
was taken at the sampling location after the boat was repositioned approximately 1 to 10
ft off the original station.

The boat was then relocated to the next station, and the process repeated.

The gravity coring field notes are included in Appendix B. Sample recovery for the gravity
cores varied in length from 14 to 22 inches. Where refusal, no recovery or minimal recovery
occurred, the sampling location was adjusted by offsetting the sampling location noted on Figure
15. Attempts were made at the beginning of the gravity core sampling to adjust the penetration
and recovery by adding or subtracting weights to the gravity core. The maximum depth
penetrated and recovered with and without additional weights was approximately 22 inches
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below the mud line. Adding weights to the gravity core therefore was abandoned because of
little or no improvement on the penetration and sediment recovery.

In only afew locations did refusal occur due to the presence of near shore cobbles and concrete
near the former pier and near the centerline of the “mound” where again surface armoring had
occurred with flat pebbles. 1n each case where there was little or no recovery, three additional
attempts at that |ocation were made.

6.5.3 Sediment Pore Water Sample Collection

Two sediment pore water (interstitial water) samples were obtained by extracting pore water
from sediment cores collected using the gravity corer. In general, the same gravity core
collection procedures described in the previous section were used for the sediment pore water
collection. The only difference was that the overlying surface water was allowed to drain
completely by cutting through the core liner with a hacksaw just above the sediment water
interface after the sediment core was collected and sealed on board. Thiswas done to avoid the
exchange of surface water exchange with sediment interstitial water and to prevent any
introduction of surface water into the uppermost sediments before sample processing.

In addition, to ensure that a sufficient quality of pore water was extracted from the sediment
cores for contamination analysis, one sediment pore water sample comprised of 5 sediment
cores, and the other included 6 sediment cores.

6.5.4 Surface Water Sample Collection

Surface water samples were collected from middepth (approximately 2 to 3 feet above the
mudline) of the water column, using a Nissken water sampler. The sampler was triggered using
aweighted "messenger" sent down arope stricking atrigger release. This caused the plungersto
seal the cylinder. The water column samples were collected on 10 March 2003. CSO-W1 was
collected approximately 9 feet below the water surface. CSO-W2 was collected approximately 5
feet below the water surface (Figure 16).

6.5.5 Multicore Sediment Sample Collection

Multicore sediment samples were collected for a sediment depositional history characterization,
using radionuclide-dating methodology. Sediment core samples were collected with a MC-400
Multicorer. The multicore sample locations are shown in Figure 16.

6.6  Sample Processing

Horne Engineering established a field staging/processing area on the waterfront, at the ECC
Potomac and First Street office at which all sampling and processing activities were conducted.
Upon sediment sample collection, the site geol ogist inspected the sediment, measured the sample
recovery to determineif sufficient material was recovered for analysis, and described the
lithology of the sample. Thisinformation was recorded on field data sheets, along with other
observations (Appendix B).
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6.6.1 Surficial Sediment Samples

After retrieving each sediment sample, it was given a unique sample identification described in
Section 6.8.4. The sampling equipment (Ponar) was decontaminated prior to sampling and
between each sampling location. Once the Ponar was on deck, the excess water brought up
during sampling was siphoned off. The sediment was then homogenized inside the Ponar, using
alaboratory-grade, precleaned, 6-ounce, single-use plastic scoop. The sample was then placed
into appropriately labeled containers for analysis. Excess sediment from the Ponar was
contained in a 55-gallon plastic drum for temporary storage, sampling and future disposal. Once
the sampling was completed, the sampling scoop was placed in a plastic trash bag for disposal
along with latex gloves that were changed for each sampling location. Containers and
preservation requirements and minimum sampling volume requirements are discussed in the
Revised Draft Quality Assurance Project Plan prepared by Horne Engineering (Horne 2003).
Sample jars were wrapped with protective bubble wrap and placed into rigid sample coolers on
ice until they were picked up by acourier for delivery to the Severn Trent Laboratories (STL)
Pittsburgh laboratory for analysis. One duplicate sample was collected for every 10 samples.

Surficial sediment samples were analyzed for PCBs, PAHSs, and metals (Table 1). In addition, 5
randomly selected surficial samples were analyzed for grain size distributions, and two (2)
randomly selected surficial sediment samples were analyzed for specific gravity, density, cation
exchange capacity (CEC), and acid volatile sulfide/simultaneously extracted metals (AV S/SEM).

Table 1. Surficial Sediment Samples Analytical Parameters

Analytical Parameters Surficial Sediment
| SRG | SRGC RS
v v

v v

PCBs (Aroclors)
PAHSs
Pesticides
PPL list-13 metal & v
mercury
TOC
TKN
TP
Grain size with hydrometer
AVS/'SEM
Bulk density
Specific gravity
CEC
Note:
S- Surface sample
SR - Random surface sample
SRG - Random surface sample for grain size

SRGC — Random surface sample for grain size, CEC and AVSSEM
RS- Random surface sample collected in areas of interest for the DOH
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6.6.2 Core Sediment Samples

After a core sample was retrieved, the core liner was capped with watertight plastic caps and
sealed with tape, labeled with its unique sample identification and the core’ s orientation.
Because of the instability of the sediment in the cores and the high pore water content, the cores
were maintained in avertical orientation during their transport to shore. The overlying water was
then removed to just above the sample by cutting the core liner with ahacksaw. The remaining
water was removed by siphoning before the sample was collected for analysis. If necessary, a
second core sample was collected at each sample location to meet sample volume requirements.
The core samples were collected and taken to the onshore processing area.

Once the sediment core was onshore the core was maintained in a vertically oriented position.
The core was then cut through, just above the sediment water interface, using a hacksaw. The
remaining water was siphoned off, and the sample was resealed. The sample was then marked
into three sections: a 0-to-6 inch interval, a 6-to-12 inch interval, and an interval measuring from
12 inch to the maximum depth recovered. Thisinformation was logged and used as part of the
sampleidentification for sediment. The core was then cut at the 6-inch interval mark. The
sediment in the core was extruded from the 6-inch section of core. The remainder of the core was
temporarily recapped while the first section was being described and processed. Once the
sediment was described it was placed in a precleaned 2-gallon FDA food-grade zip-lock bag for
homogenization. The material was then placed in the appropriate sample containers for
shipment, using individually wrapped precleaned 6-0z. plastic scoops. This process was repeated
for each subsequent sample interval. All core sediment samples were shipped to the STL
laboratory for analysis. Excess sediment from core samples collected was temporarily contained
in a 5-gallon bucket during the sampling process and then transferred to a 55-gallon DOT-
approved container for subsequent sediment disposal.

Core sediment samples were analyzed for PCBs, PCBs congeners, PAHSs, and metals (Table 2).
In addition to these parameters the 0-to-6 inch interval was analyzed for TOC, TKN, TP,
AVS/SEM, and pesticides. Grain size had been found to be homogeneous in the surficial
sediments during the geophysical investigation phase. No additional analysisfor grain size was
performed on the core samples.

Two sediment core samples were selected for total petroleum hydrocarbon (TPH) and diesel total
petroleum hydrocarbon (dTPH) analysis as aresult of encountering strong petroleum odors
during the core sediment sample processing. In addition, two other samples were selected and
tested for petroleum identification.

6.6.3 Sediment Pore Water Samples

As described in the previous section, once the core sample was collected and capped on board,
the overlying surface water was immediately allowed to drain completely through openings cut
through the core liner with a hacksaw just above the sediment water interface. Thiswas done to
avoid the surface water mixing with the sediment and interstitial water and to prevent any
introduction of surface water into the uppermost sediments.

Horne Engineering Services, Inc. 33 10/10/03

Draft Ste Characterization Report
A-133



Table 2. Gravity Core Samples Analytical Parameters

Gravity Core Sediment
Analytical Parameters Samples

0-6 6-12 12-36

inches inches | inches
PCBs V v v
PCBs Congeners \
PAHSs V v v
AVSSEM V
Pesticides v
PPL list-13 Metal & Mercury \ \ \
TOC v
TKN v
P v
Diesel Range Organics \
Total Petroleum Hydrocarbons \

Once the pore water core samples were transported to shore for processing, the top section of
core liner was then cut through just at the opening, which was at the sediment-water interface.
Any residual water left on top of the sediment was removed by a sorbant (i.e., paper towel). The
sample was then recapped, measured and marked at 12 inches below the sediment-water
interface. The sample was cut, and the lower portion discarded. The sample remaining in the
upper liner was placed in a 1-liter Teflon bottle. The process was repeated for the remaining
gravity cores. Thereason for selecting thel2-inch interval was to have a consistent sediment
core section for pore water extraction and this interval was the sediment depth selected as of
interest of the project.

The sediment-pore water samples were shipped to the STL laboratory for pore water extraction
using a cold-room centrifuge. The pore water volumes obtained from the CSOPORE1 and
COREPOR2 were 900 milliliters (mls) and 1.5 mls, respectively. Samples were analyzed for
PCBs, PCBs congeners, PAHSs, and metals (Table 3). pH in the extracted pore water was
measured. However, PCB congenersin COREPOREL were not analyzed because of limited
pore water volume recovered from the core samples. No duplicate sample was collected.

Table 3. Pore Water Samples Analytical Parameters

Parameter Pore Water Samples
PCBs

PCBs Congeners

PAHs

PPL-List 13 Metal & Mercury
pH

<2212 ]2 ]
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6.6.4 Surface Water Samples

The surface water samples were collected on board. No further handling is required except for
shipping. Samples were analyzed for PCBs, PAHS, metals ,pH, total suspended solids (TSS),
total dissolved solids (TDS), TKN, TP, and TOC (Table 4). No duplicate sample was collected.
In-situ surface water turbidity, salinity, dissolved oxygen (DO), and conducted were measured
during the sampling events.

Table 4. Surface Water Samples Analytical Parameters

Parameter Water Column Samples
PCBs \
PCBs Congeners \
PAHSs v
PPL list-13 Metal & Mercury \
TOC v
TKN v
TP v
pH N
TSS v
TDS \v/

- (Field Measurement in
Turbidity Anacostia at Sample L ocation)
i \ (Field Measurement in

inity : .
Anacostia at Sample L ocation)
Do \ (Field Measurement in
Anacostia at Sample L ocation)
Conductivity \ (Field Measurement in
Anacostia at Sample L ocation)

6.6.5 Multicore Core Samples

The multicore core samples were collected and processed by the LSU staff and shipped to the
L SU laboratories for the radionuclide characterization.

6.6.6 Deep Sediment Samples

As part of contamination profiling at Area 1, limited sediment samples were collected for
characterization at depth from 5 feet to 22 feet below the mudline during the geotechnical
investigations. Two sediment samples were collected at approximately 5 to 7.5 feet below the
mudline. One sediment sample was collected from each of the flowing intervals. 10.5to 12.5
feet, 15.5t0 17.5 feet, and 20 to 22 feet. The sampling (boring) locations are shown in Figure
15. These samples were analyzed for PCBs, PAHSs, and metals.
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6.7 Field Measurement Proceduresand Criteria
6.7.1 Background Samples

No background sediment samples were collected because the Anacostia River has been dredged
in the past (SRC and NOAA 2000).

6.7.2 Field Duplicates

One field duplicate sample was collected for each 10 environmental samples in accordance with
the SCP for surficial and core sediment samples. However, no duplicate samples were collected
for the pore water, surface water, and deep sediment samples. Analytical results from the field
duplicate samples were used to determine if there were any problems with the sample collection
efforts.

Because of the collection techniques no rinsate samples were collected for analysis. Matrix
spike/matrix spike duplicate (MS/MSD) samples serve as a check on the quality of the laboratory
procedures and efficiency of the laboratory equipment. The results of these samples were
interpreted in accordance with the STL's Quality Assurance/Quality Control (QA/QC) plan.

6.7.3 Trip and Temperature Blanks

No trip blanks were necessary because no volatile organic compounds (VOCs) were analyzed.
Horne Engineering did include one temperature blank with each sample shipment. The
laboratory checked the temperature of the sample upon receipt to ensure the samples were
maintained at approximately 4 °C (+ 2 °C)

6.7.4 Sample Containers and Preservation Techniques

All samples were stored on ice or with cold packs to maintain a temperature of approximately 4
°C (+ 2°C). Thelaboratory measured the temperature when the cooler arrived at the laboratory
and entered the temperature reading on the laboratory receipt form. The laboratory was notified
before sample shipment to ensure that personnel were available to accept samples upon arrival.

6.7.5 Decontamination Procedures

Equipment used to collect water and sediment samples was decontaminated between sampling to
avoid cross-contamination. Once the sediment sample was labeled, the excess sediment was
placed in the container. The decontamination procedure for the Ponar was as follows: some
sediment or organic material adhering to the metal surfaces was removed by brush and these
materials were placed in with the other drummed sediments; the sampler was then grossly
decontaminated using river water.

All sampling was conducted in Modified Level D personnel protection equipment (PPE), using
disposable PPE as necessary. Gloves were changed between each sample and sampling location.
Gloves were discarded when torn or otherwise rendered unusable during sampling. These items
were placed in plastic refuse bags for disposal and were stored away from the sampling

activities.
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Disposable PPE including Tyvek® suits or aprons were discarded each time the wearer |eft the
sampling processing area, or when they become torn or otherwise rendered unusable during
sampling. These items were placed in a plastic refuse bag, which were containerized and stored
away from the sampling activities.

6.8  Sample Chain Of Custody/Documentation
6.8.1 Field Logbook

The sampling team leader maintained onsite adaily log of daily activities and events. When the
project was completed, the logbooks were placed into the project files as part of the permanent
record.

6.8.2 Photographs and Videos

Photographs and video clips were taken during the sampling events as needed. Photographs and
video clips were provided to HSRC separately and are not included in this document.

6.8.3 CorelLog

Lithologic logs of the sediment cores were prepared for each boring location; these included a
brief description of sediment in thefield log. The descriptions note any distinctive features of
sediment such as color and texture. Field log notes are included in Appendix B.

6.8.4 Sample Numbering System

The sample numbering system was designed to prevent sample misidentification during the
various sampling activities so data quality objectives could be controlled and documented.

Surficial Sediment Sample: Surficial sediment samples were identified by the location code,
followed by a sequential grid point in which the sample was collected and a media/parameter
code. CSO-A1Sisan example of sediment sample ID format: CSO isthe location code for Area
1, Alisthegrid code, and S is media/parameter code as sediment analyzed for metals, PCBs,
and PAHs. Other media/parameter codes used are provided below:

e SR -—metas, PCBs, PAHs, TOC, TKN, TP

e SRG - metas, PCBs, PAHs, TOC, TKN, TP, grain size with hydrometer

e SRGC - metals, PCBs, PAHs, TOC, TKN, TP, grain size with hydrometer, CEC, bulk
density, and specific gravity

e RS- PCBs, PAHs, metals, and pesticide

Core Sediment Sample: Core sediment samples used the same sample numbering system as
surficial sediment sample. The core samples collected at the different depths were identified by
the core depths (for example, "-5" and "-10"), indicating from which depth the sample was taken.
CSO-COREL 0-6 is an example of core sediment sample identification format: CSO isthe
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location code, COREL is the coring number, and 0-6 indicates that the sampleis collected at a
depth of 6 inches from the sediment surface.

Field Duplicate Sample: Field duplicate samples were labeled in the same format asfield
samples, except that a“D” as added to the numbering system, indicating that the samples were
field duplicates.

Water Column Sample: Water column samples were designated with CSO-W1, CSO-W2.

Pore Water Samples: Pore water samples collected were designed with CSOPOREL and
CSOPORE2.

Multicore Samples: No specific ID system was used, as the samples were processed by the LSU
and shipped to LSU for further analysis.

6.8.5 Sample Documentation

The field team labeled each sample bottle with the following information:

Project name: Anacostia CAP
Sample ID number

Date and time of collection
Media

Analysisrequired
Sampler'sinitials
Preservative

The sampling team used indelible ink in filling out the label and covered the label with
waterproof tape after it had been placed on the bottle. After the label had been taped, the
sampling technician placed custody tape over the top of the bottle.

6.8.6 Chain-of-Custody Records

After samplers labeled samplesin the field, they brought labeled bottlesto a processing area to
prepare chains of custody. For each sample going into a single cooler, the chain of custody
included the sample ID number, parameters to be analyzed, and any comments or notations to
the laboratory. The sampling team leader checked each chain of custody to be sureit was
correct. Any errors were corrected in accordance with Section 6.8.7.

After any necessary corrections were made, the team leader signed the document to indicate he
or she had taken custody. A copy was retained for the project files; the remaining copy was
placed in a sealed plastic bag that was taped to the inside lid of the cooler. All samples were
taken by courier directly from the siteto STL in Pittsburgh, Pennsylvania. The copies of Chain-
of-Custody records are included in Appendix C.

When the laboratory received the samples, the sample manager responsible for sample receipt
opened each cooler, removed the chain of custody, and signed it to indicate itsreceipt. The
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sample manager measured the temperature when the cooler arrived at the laboratory and entered
the temperature reading on the laboratory receipt form. The sample manager then remove the
cooler's contents and checked to ensure the contents matched the chain-of-custody. The sample
manager noted any discrepancies, as well as any broken bottles or other problems with the
shipment. The laboratory's point of contact notified the sampling team leader immediately of
discrepancies or problems.

6.8.7 Correctionsto Documentation

Corrections to the documentation by the sampling team was made by marking asingle line
through the error. The errors remained visible. The person making the correction initialed beside
the marked error.

6.9 Reporting and Data Quality Review

The analytical data was evaluated for precision, accuracy, and completeness to meet the data
quality objectives. The data quality objective evaluation consisted of review of the laboratory
internal QA/QC requirements, review of analytical method QA/QC requirements such as
MS/MSD, review of blank contamination; and any available QA/QC requirements. No full data
validation on the analytical data was performed.

Horne Engineering required STL to perform and document all sample preparation, analysis, and
data verification activities in accordance with its approved quality assurance project plans,
standard operating procedures, and certifications. The sediment and water samples were
anayzed in accordance with the prescribed methods provided in the Revised Draft Quality
Assurance Project Plan (Horne 2003). A brief discussion of each method is provided in
Appendix D.

6.9.1 Precision

Precision datais generated by STL and is a quantitative measure of data quality that refersto the
ability to generate reproducible data. Precision values represent both analytical precision and the
homogeneity of the samples collected. Precision is expressed as arelative percent deviation
(RPD) and is compared to the RPD provided in the analytical method or as calculated by the
laboratory from statistical data. The exceedance information is provided in the STL
nonconformance reports (NCR) submittals.

6.9.2 Accuracy

Accuracy is a quantitative measure of data quality, derived from the difference between
measured values of a parameter and the true value of that parameter. Accuracy is calculated as
percent recovery of known concentrations of analyte from quality control (QC) samples. The QC
samples that result in accuracy information include standard reference materials and matrix
spikes. The closer the measurement is to the known value, the more accurate the measurement.
Cumulative data for accuracy using a specific matrix can be used to evaluate the bias that a
matrix contributes to the accuracy of the reported data.
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Analytical accuracy is dependent on the specific anayte, the method of analysis, and the sample
matrix. The range of acceptable accuracy and precision is determined by the method or
established through statistical procedures by the laboratory for each matrix. If accuracy and
precision do not meet the guidelines, then the usability of the data need to be evaluated.
Accuracy issues are provided in the STL NCR submittal.

6.9.3 Completeness

Completenessis a quantitative measure of data quality expressed as the percentage of valid or
acceptable data obtained. The project achieved a completeness goal (at 100%). An adequate
amount and type of data was collected for conclusions to be valid.

6.9.4 Detection Limits

There were two types of detection limits used in the reporting of the analytical result
concentrations. These are method detection limits and reporting limits. The method detection
limit (MDL), as defined by USEPA, is “the minimum concentration of a substance that can be
determined with 99% confidence that the analyte concentration is greater than zero.” In other
words, without any reference to the accuracy of the data, it is the minimum value that can be
distinguished from background noise. This MDL calculation procedureis outlined in 40 CFR
part 136 Appendix B. The reporting limit (RL) is the lowest concentration that can be
calculated from the calibration curve. Generally, values reported from within the calibration
range of the instrument are considered to have a higher degree of confidence, when compared to
data reported below the calibration range. The actual reported values for the RL and the MDL for
a specific sample are provided on the data report. These sample-specific detection limit values
reflect corrections made for sample dilution, sample weight (i.e., anount analyzed), and where
appropriate adjustments are made for the percent moisture of the sample. The RL is always equal
to or greater than the MDL.

In order to differentiate analytical results detected below the calibration curve from data
calculated within calibration range, the laboratory qualifies analytes reported as an estimated
valued (*J’ qualified) if the calculated value is greater than the MDL and less than the RL.

6.9.5 Method Blank

The method blank (MB) is prepared from laboratory blank matrix and the same reagents and/or
solvents being used to prepare the associated samples. The method blank confirms that the
analytical instrument is*clean” and that the reagents/solvents are of acceptable quality. If MB
data indicates the presence of any of the compounds associated with the sample, then the
laboratory provides an explanation in the NCR and, the data is qualified with a“B” indicating
blank contamination. Where the blank result is greater than the RL than the laboratory must
implement a corrective action response, which may result in repreparation and reanalysis,
depending on the effect that the blank result has on the associated data.

6.9.6 Matrix Effects

A matrix effect exists when the sample matrix possesses properties that affect the detection of
analytes of concern. Matrix effects are common in sediment analyses for both metals and PAHS.
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For example, STL has frequently reported matrix effects when measuring PAHs from the
presence of a background of other petroleum products. It should be noted that matrix effects
result in varying degrees of impact. Where the impact is low, the data usability may be
unaffected. This requires a case-by-case evaluation.

6.9.7 Dilution Factors

Dilutions may be required because of high analyte concentrations and/or high background /
matrix effects. As noted earlier, when a sample requires dilution prior to analysis, the dilution
factor affects both the RL and the MDL. The more a sample is diluted, the higher the reporting
limit and method detection limit. However, if atarget compound has a very high concentration
and it requires dilution in order to be within calibration range, the high MDL for that compound
isnot an issue, because it is present well above the detection limit. However, the method
sensitivity for other compounds not detected in that sample are unavoidably raised.

6.9.8 Data Qualifiers

In addition to the NCR, STL flagged any data associated with low or high matrix-spike-recovery
issues or other anomalies noted in analytical samples or results. Appendix E provides alist of
data qualifier used for data flags and the effect on data quality

6.10 Sample Packaging and Shipping

After sample bottles had been properly labeled, the samplers wrapped each bottle in bubble pack
and place the wrapped bottles in a cooler for shipment to the laboratory for analyses. The plastic
bags prevent damage and potential cross contamination in the event that any bottle might break.
|ce was placed in the coolers to maintain the samples at approximately 4 °C (+ 2 °C).

Before sealing the cooler, the sampling team prepared a chain-of-custody, as described in section
6.8.6. One copy of the chain-of-custody was sealed in a plastic bag and taped inside the lid of
the cooler. The outside of the cooler was sealed with tape. The field team member preparing the
cooler for shipment sealed the cooler and signed his or her name in indelible ink across the seal
where the lid and the cooler body meet.

At the end of each sampling day, the sampling team delivered the coolers to the laboratory
transport for shipment. The sampling team leader coordinated with the laboratory's point of
contact to ensure the laboratory executed the number and types of samples. The laboratory
analyzed the samples within 30 days of receipt. The laboratory sent a hard copy of the resultsto
Horne Engineering after the laboratory's internal QA/QC had been completed.

6.11 Investigation Derived Wastes

The sampling effort generated two types of waste: cuttings from sediment cores, from equipment
decontamination, and disposable sampling equipment.
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6.11.1 Excess Sediments

Excess sediments were containerized and characterized for disposal by EA Engineering.
6.11.2 Decontamination Water

No decontamination water was generated onsite.

6.11.3 Disposable Sampling Equipment

All PPE and disposable sampling scoops were disposed of as standard debris.

6.12 Corrective Actions
No problems occurred during the sampling program.
6.13 Analytical Methods

Table 5 lists the analytical methods used for the site characterization, including metals, TP, TKN,
TOC, AVS/'SEM, PAHSs, PCBs (both aroclors and congeners), and pesticides. The parameters
were analyzed in accordance with the QA/QC requirements specified in the Revised Draft
Quality Assurance Project Plan (Horne 2003).

6.14 Sediment Characterization Results

Site sediment characterization included analysis of metals, TP, TKN, TOC, AVS/SEM, PAHS,
PCBs (both aroclors and congeners), and pesticides. All analytical data are reported in dry
weight units. Metals, TP, and TKN are reported in milligram per kilogram (mg/kg), 16
individual PAHs, PCBs and pesticides are reported in microgram per kilogram (ug/kg).

AV S/SEM isreported in micromoles per gram (umoles/g), and TOC in mg/kg (percent). The
detailed analytical dataare included in Appendix F. Summary discussions of each parameter are
provided in the following sections.

6.14.1 Surficial Sediment Characterization Results

Polychlorinated biphenyls. Sediment samples were analyzed for aroclors. Figure 17 shows the
surficial sediment total PCB (tPCB), comprised of aroclors 1016, 1221, 1232, 1242, 1248, 1254,
and 1260. ThetPCB in the sediment ranged from 25 pg/kg to 2,400 pg/kg. The dominant
aroclorsin the sediment are aroclor 1248, 1254, and 1400. No aroclor 1016, 1221, or 1232 was
detected.

Polynuclear Aromatic Hydrocarbon: Sediment PAH was characterized according to the USEPA
regulated 16 PAH compounds expressed as “total PAH” (tPAH). The 16 regulated PAHs are
acenaphthene, acenaphthylene, anthracene, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(ghi)perylene, benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene,
fluoranthene, fluorine, indeno(1,2,3-cd)pyrene, naphthalene, phenanthrene, and pyrene. These
16 regulated PAH compounds comprise both low and high molecular weight compounds (Table
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6). Those PAH with two or three rings are defined as LPAH, and those with four or more rings
are defined as HPAH.

Table5. Analytical M ethods

Analytical Parameter  |Aqueous Methodology |Solid Methodology

Total PCBs (PCB Aroclors) [SW-846 8082 SW-846 8082

STL Environmentally EPA 1668 SW-846 8082

Significant PCB Congener

List (55)

ICP Metals (PPL List-13)  |SW-846 6020 SW-846 6010

Mercury SW-846 7471A SW-846 7471A

PAHs (NOAA Status & SW-846 5030B/8270C SW-846 8270C

Trends) SIM

Pesticides- TCL SW-846 8081A SW-846 8081A

AV S/SEM Not Applicable EPA SEM

Total Petroleum Not Applicable SW846 8015B or SW846

Hydrocarbons (TPH) 9071A/ EPA 1664A

Cation Exchange Capacity |Not Applicable SW846 9081

Grain Size w/ Hydrometer [Not Applicable D422

Total Suspended Solids- EPA 160.2 Not Applicable

(TSS)

Total Dissolved Solids- EAP 160.1 Not Applicable

(TDS)

Total Kjeldahl Nitrogen EPA 351.3 EPA 351 modified

(TKN)

Phosphorus EPA 365.2 EPA 365 modified

Total Organic Carbon EPA 415.1 Lloyd Kahn
Biological

Benthic Macroinvertebrate | [EPA/600/4-90/030
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The tPAH concentrations determined in the surficial sediment samples ranged from 470 pg/kg to
82,360 pg/kg dry weight, as shown in Figure 18. The highest tPAH concentration (82,360
Hg/kg) was detected near the CSO. The PAH data were further evaluated for LPAH and HPAH.
The average of LPAH/HPAH ratio in the sediment was calculated to be roughly 80%, which
indicated that high-molecular-weight PAH are adsorbed to the silt-clay fraction and

sedimented.

Metals. Sediment samples were analyzed and evaluated for the EPA 13 priority metals,
including antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel,
selenium, silver, thallium, and zinc. Figures 19 through 31 show the contamination distributions
of the 13-targeted metalsin the surficial sediment samples.

In summary, detected metal concentration ranges in the surficial sediment samples were as
follows, in mg/kg dry weight: antimony 0.33 to 5.0; arsenic 1.6 to 10.8; beryllium 0.31 tol.5;
cadmium 0.32 to 3.8; chromium 11.3 to 94.8; copper 18 to 437; lead 29.3 to 726; mercury 0.033
to 10.7; nickel 15.3 to 69.8; selenium nondetected to 1.9; silver 0.29 to 22.5; thallium
nondetected to 2.0; and zinc 109 to 892.

Acid Volatile Sulfide/Simultaneously Extracted Metals. Two surficial sediment samples (CSO-
C5-SGC and CSO-B2-SRGCO) were analyzed for AVS and SEM. The bioavailability of SEM
(i.e., cadmium, chromium, lead, mercury, and nickel) was correlated to the AV S concentrations
in sediments with a SEM/AV Sratio (Table 7). The SEM/AV S ratios were calculated to be less
than one (1) at two sampling locations indicating that the metals cadmium, chromium, lead,
mercury, and nickel are not available in bioavailable forms. It should be noted that the

AV S/SEM ratio is not the only parameter to assess the metal toxicity. Other site conditions may
need to be considered to assess the metal toxicity.

Table 6. Low and High Molecular Weight PAH Speciation

L ow molecular weight PAH | High molecular weight PAH
(LPAH) (HPAH)
Acenaphthene Fluoranthene
Acenaphthylene Benzo(a)anthracene
Anthracene Benzo(b)fluoranthene
Fluorene Benzo(k)fluoranthene
Naphthalene Benzo(ghi)perylene
Phenanthrene Benzo(a)pyrene
Chrysene
Dibenzo(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Pyrene
Horne Engineering Services, Inc. 45 10/10/03

Draft Ste Characterization Report
A-145



|~
i
Hywigstan Channel
LEGEND
Fah  pakg
[ o-z000
Py
s ot 20000 - F5000
4 B3
o u W00 - SO0
B oo coom
- OO0 - 000
ECC- Earth Consesuathin Comps
GEA- General Services Adminisration
100 0 100 Fest WASA- W star and Sewar Autharity
S — WHY- Waibingten Mavy Yard
L] Surfwial Sedment Samplng Lacatian

Figure 18. Total PAH Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 46
Draft Ste Characterization Report

10/10/03

A-146



WNY
)
! i
i i
E1 i r’ i i T Mavigation Channel LEGEND
Lt 9 - anomony  ppm
'l_FI :l - 0.8
L ]::] ool - 1,8
“ LE-2s
n FLErE
- 458
FCC- Earth Cotasraatien Carps
AAs denwrsl Servicsr Adminisration
190 : 100 Feet i ad o ko
? L] Zurficial Zadmant Samplng Locstion

Figure 19. Antimony Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 47 10/10/03
Draft Ste Characterization Report
A-147



Mawgatiea Channal

- - i
= CEORET || e

I
v
2
i

| [N

100 _0

100 Fest

ECG- Earth Conservatian Comps
G54 Ganeval Sarveced Adm inifratian

LEGEND

BT
0-%
1)

T-%

a-11

WASA: HWater and Sewar Authority
WHY- Waghngooes Havy Yard
L] Sueficial Badimant Sampling Location

Figure 20. Arsenic Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 48
Draft Ste Characterization Report

10/10/03

A-148



.-'-'.
l_.-'
. CEDAEY
1
____.-E"Eﬂ-;ii *
s Tom
Mawigation Channel
150 Q 130 Feat
e S—

LEGEND

Beryllurm  ppm
I: oo

E d-0.8
B o
- Li=13
— BT

ECe Earch Conpsrstion Carps

%A~ Janarsl Services Admindrabon
WAS A M oatar and Sewer Authanty
Wei- Wanhiegtan Maw Yard

] Surfidal Sadiment Samp ing Location

Figure 21. Beryllium Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc.
Draft Ste Characterization Report

49

10/10/03

A-149



GSA WNY

-
&

CEORS

Havigatan Chanmal

LEGEND
Cadmivm  pom
01
m 1- 13
- 1,93
. -
—

ECG- Earth Ciasery stion Camps
FEA- Genkrd| Beevices Adreinisratin
100 K] 100 Faat WAEA- ke and Saw e Aathariy
I —— WHY- Washinguon Havy Vard
- Sajeficial Sadiment Samplng Lecatsan

Figure 22. Cadmium Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 50 10/10/03
Draft Ste Characterization Report
A-150



GSA WNY

LEGEND
Chromium — pgpm
0-30
Mavigation Charsel
30 - 50
- T
— R
il -

ECC- Ewrth Cohdarvatian Campd
354 Fenersl Sarvicer Adminigration
WS A W aner aad Bavar Aauth oriny
WHY- Washingtan Havy Yard
1 1 F
WU el L] Surficlal Bedimant Semplng Lacation

Figure 23. Chromium Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 51 10/10/03
Draft Ste Characterization Report

A-151



i
i
.-"'.-F-'-
-~
" rare
o
o CEORS1
-
=
15
e
L
hﬂwigatinﬂ Chaninel
100 1] 100 Feat
———

| L
Copper  pom
[ oo
] w-m
Bl e
.
— R
ECC- Earth Congarvation Cerpi
GEA- Genaral Sarvices Adm inisoration
WS A Water @hd Sewer Autharity
WHY= Washingtes Mayy Vard
L] Surficial Sedimers Sampling Location

Horne Engineering Services, Inc.
Draft Ste Characterization Report

Figure 24. Copper Concentration Distribution in the Surficial Sediment

52

10/10/03

A-152



LEGEND
EEl o
:[ 300 - 400
S B w0500
Hawigaton Channel - i 4 0
- &00 - T50
ECCs Earth Consaryation Corps
94~ Geaered Serviced Admififration
a0 100 Feet WA e
— - Sarficial Sadiment Samplng Locstion

Horne Engineering Services, Inc.
Draft Ste Characterization Report

Figure 25. Lead Concentration Distribution in the Surficial Sediment

53

10/10/03

A-153



Havigation Channal

100 0 100 Feat
N —

LEGEND
Marcury  ppm
D 0- 06
D 0E- 1.5
-
- 3-11

ECC- Earth Consarvation Corps

FEae Geoersl Services Administraton
WASA Water and Sewar duthonty
WEY- Wadhington Hauy Yard

" Surficial Sed ment Sampling Lacatian

Figure 26. Mercury Concentration Distribution in the Surficial Sediment

Horne Engineering Services, Inc. 54
Draft Ste Characterization Report

10/10/03

A-154



= P | |
.--f - N E——
L - csoRsd ]| . - il
WASA  —cmae ¥
Iw-Fm
.{"_—. ---'-'
P
A yavigation hanne LEGEND
Mickel ppen
i
m 30 - 40
Bl o
.
. -
ECC- Earth Conservathn Corps
A Genaral Services Administratian
100 o 100 Fest T e o et Bt
ey — - Surficig] Sadiment Spmpling Lecation
Figure 27. Nickel Concentration Distribution in the Surficial Sediment
Horne Engineering Services, Inc. 55

Draft Ste Characterization Report

10/10/03

A-155



o |
- LB G & | I
e LT
L
i 7Y e i S Al b
ASA SRSz N,
W .
.ésms?i S 1 .
LEGEND
. 4 S# eniurm  ppm
Favigation Thann el IZI as-1
B
T T
-
ECCs Emrth Conzeryation Carpe
98- General Services Admsirtration
WASA- Warer and Sewer Authasity
1 DD G 103 FeE"[ Wiy warhington Hawy Yard
= - surlicial Sadiment Sampling Lecation

Horne Engineering Services, Inc.

Figure 28. Selenium Concentration Distribution in the Surficial Sediment

56

Draft Ste Characterization Report

10/10/03

A-156



Draft Ste Characterization Report

- _Fll | | ——
| |
,.a”ff.; C3ORSI x ll._-f"" T
WASA .
/ ¢
.-/'/
.I'{
LEGEND
W Silwver ppm
.-'-&"h'-uniplhn:h.nn.l EE o-o
| B -
o
- 14 -23
ECC- Earth Conpervston Corpe
GEA- General Serviced Adminisration
1000100 Fest s e d st sy
E L] Suricial Sedimant Sasmpling Location
Figure 29. Silver Concentration Distribution in the Surficial Sediment
Horne Engineering Services, Inc. 57

10/10/03

A-157



"*"E ——— |- ey
- | | -
- g
- e
-~ |I
- L} 2
i CEOREH il
- L
Narvigation Chanrsl LEGEND
Thaliwm  ppm
[ o-os
EEE] os-orm
Bl o=
-
ECC- Eaith Cohdupdation Carpd
G54 General Servicas Afministration
WESA- Waar and Sewar Auth sy
100 Q 100 Feet Whiv=, Washamgtor Hivs Yard
—] L] Surfucial Sadimert Samplng Locasion

Horne Engineering Services, Inc.

Figure 30. Thallium Concentration Distribution in the Surficial Sediment

58

Draft Ste Characterization Report

10/10/03

A-158



- R
P } ll e
oy ]l ...... —
S - =
L 1 e
- CEORE L-f"'_
WASA TR
F )
m o
Ep . F18
ik
.-"-P-'
: LEGEND
":“-H-__ Zine  pom
'y " Mawigation Chanmal |:I o- 300

042

Bl oo

. o

-,

ECC- Eamh Conservation Corps

G54 Genersl Seraiges Adm iniEration

4 WaGA: Water and Sewar Auth ority
I:H:] 'D 1[:":‘] FEE't WHY- Wachington Hauy Yerd
E L] Suricial Sedmant Sasmpling Location

Horne Engineering Services, Inc.
Draft Ste Characterization Report

Figure 31. Zinc Concentration Distribution in the Surficial Sediment

59

10/10/03

A-159



Table 7. Surficial Sediment AVS, SEM and SEM/AVS Ratio

Sample L ocation AVS >SEM >SEM/AVS
(Lmoles/g) (Lmoles/g)
CSO-C5-SGC 8 4.7859 0.60
CSO-B2-SRGC 25 9.894 0.40

Cation Exchange Capacity: The sediment CEC data provides the chemical propertiesin
sediment in which positively and negatively charged particles (ions) within the sediment react to
one another. Two surficial sediment samples were analyzed for CEC, with a concentration of
16.6 and 16.3 milliequivalents/L, respectively. In general, the CEC of colloidal mineral is
defined as the excess of counter ionsin the zone adjacent to the charged surface or layer, which
can be exchanged for other ions.

Total Organic Carbon: TOC provides a measure of how much organic matter occursin
sediments. The TOC contentsin surficial and core sediment (top 6 inches) samples ranged from
13,200 mg/kg (1.3%) to 143,000 mg/kg (14.3%), with an average of 70,464 mg/kg (7.0%) and a
standard deviation of 27,521 mg/kg (2.8%). The proximity to the CSO and upland runoff
probably explains the higher organic content.

Total Phosphorus and Total Kjeldahl Nitrogen: The phosphorus at Area 1 was analyzed and
found to range from nondetected to 2,330 mg/kg, with an average concentration of 1,127 mg/kg.
However, the total phosphorus concentrations had considerable observed variability in the
sediment samples.

In addition, the TKN at the demonstration site was analyzed and found to range from 246 mg/kg
to 6,020 mg/kg, with an average concentration of 3,648 mg/kg and a standard deviation of 1,276
mg/kg.

6.14.2 Core Sediment Characterization Results

Polychlorinated Biphenyls and Pesticides: Table 8 shows the tPCB in sediment core segments.
The highest tPCB concentrations were found in the 6-to-12 inch core segment. In addition, all
sediment core samples were analyzed for PCB congeners. Total PCB concentrations using 22
congeners (using EPA Region 2 methodology) were calculated and found to be comparable with
the total PCBs calculated using aroclors (Table 8).

Pesticides were also detected in the sediment aswell. DDT concentrations in the sediment
samples ranged from nondetected to 47 pg/kg. Endrin concentrations in the sediment ranged
from nondetected to 15.9 pg/kg. Lindane concentrations in the sediment ranged from
nondetected to 8.38 pug/kg.

Polynuclear Aromatic Hydrocarbons: Table 9 shows the tPAH concentrations in the core
segments. The tPAH concentrations in the core samples ranged from 5,110 pg/kg to 45,300
po/kg, with the highest tPAH concentration detected in the shallower core samples segment.
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Table 8. Gravity Core Sediment Total PCB with Aroclorsand Congeners Concentrations

Sample L ocation Total with Aroclors | Total with 22 Congeners
(Ho’kg) (no/kg)
CSO-CORE 10-6 2680 5202
CSO-CORE 16-12 2220 3772
CSO-CORE 1 12-22 4200 4446
CSO-CORE 20-6 1560 1762
CSO-CORE 26-12 5500 3740
CSO-CORE 212-20 6400 4166
CSO-CORE 30-6 4000 2984
CSO-CORE 36-12 6000 3602
CSO-CORE 312-14 5300 3624
CSO-CORE 4 0-6 4800 3630
CSO-CORE 46-12 9100 6528
CSO-CORE 4 12-20 1120 165
CSO-CORE 50-6 2770 3577
CSO-CORE 56-12 4980 3396
CSO-CORE 512-18 1400 1271
CSO-CORE 6 0-6 6000 3434
CSO-CORE 6 6-12 4300 5328
CSO-CORE 6 12-15 400 689
CSO-CORE 70-6 2480 2062
CSO-CORE 76-12 3710 2693
CSO-CORE 712-14 1390 1179
CSO-CORE 80-6 3610 3134
CSO-CORE 86-12 4020 5634
CSO-CORE 812-17 2300 2942
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Table 9. Gravity Core Sediment Total PAH, LPAH, and HPAH Concentrations

Sample Location [tPAH (ug/kg)| LPAH (ug/Kg) | HPAH (ug/Kg)
CSO-COREL1 0-6 17,820 2,510 15,310
CSO-COREL1 6-12 5,160 1,090 4,070
CSO-COREL1 12-22 5,110 730 4,380
CSO-CORE2 0-6 7,610 1,290 6,320
CSO-CORE2 6-12 7,290 1,440 5,850
CSO-CORE2 12-20 8,880 1,480 7,400
CSO-CORE3 0-6 19,870 3,020 16,850
CSO-CORE3 6-12 9,150 1,300 7,850
CSO-CORE3 12-14 15,040 2,560 12,480
CSO-CORE4 0-6 30,550 5,640 24,910
CSO-CORE4 6-12 10,520 1,890 8,630
CSO-CORE4 12-20 45,300 9,500 35,800
CSO-CORES5 0-6 26,610 4,280 22,330
CSO-CORES5 6-12 13,350 2,480 10,870
CSO-CORES5 12-18 28,840 6,490 22,350
CSO-CORES6 0-6 35,910 5,860 30,050
CSO-CORES®6 6-12 19,140 3,020 16,120
CSO-CORES®6 12-15 14,080 2,250 11,830
CSO-CORE7 0-6 12,650 2,200 10,450
CSO-CORE7 6-12 42,580 10,950 31,630
CSO-CORE 7 12-

14 27,770 5,230 22,540
CSO-CORES8 0-6 28,810 5,480 23,330
CSO-CORES8 6-12 19,790 3,280 16,510
CSO-CORES8 12-17 19,280 3,140 16,140
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PAH with a higher number of aromatic rings tend to be less soluble and more chemically stable
than their low-molecular-weight counterparts. Once in the sediment, PAH may persist for
decades. But despite their very low solubility, PAH have been shown to be toxic in avariety of
bioassays. The concentrations of PAH in the sediment were found generally above the “ Effects
Range-Low” (ERL) and the “Effects Range-Median” (ERM) values, and are expected to cause
adverse biological effects (NOAA 2001).

Metals. Detected metal concentration ranges in the 0-to-6 inch core segment samples were as
follows, in mg/kg dry weight: antimony 0.47 to 1.3; arsenic 7.5 to 11.8; beryllium 0.59 to01.2;
cadmium 2.3 to 3.6; chromium 96.2 to 110; copper 174 to 239; lead 430 to 724; mercury 1.2 to
4; nickel 37 t0 62.3; selenium 1.1to 1.7; silver 12.6 to 29.1; thallium 0.64 to 1.4; and zinc 484 to
662.

Detected metal concentration ranges in core segment samples below a depth of 6 inches core
segment samples were as follows, in mg/kg dry weight: antimony nondetected to 1.6; arsenic 7.2
to 17.4; beryllium 0. 9 tol.4; cadmium 2.2 to 10.0; chromium 53.4 to 164; copper 130 to 533;
lead 343 to 1040; mercury 1.6 t0 6.9; nickel 19.8 to 42.9; selenium 1.1to 2.1; silver 10.4 to 36.2;
thallium nondetected to 1.1; and zinc 419 to 945.

Acid volatile sulfide/simultaneously extracted metals( AVS/SEM): Core sediment samples from
0-to-6 inch segment were analyzed for AVS and SEM. The bioavailability of SEM (i.e.,
cadmium, chromium, lead, mercury, and nickel) was correlated to the AV S concentrations in
sediments with a SEM/AV Sratio (Table 10). The SEM/AV S ratios were calculated to be less
than 1 at al sampling locations indicating that the metals cadmium, chromium, lead, mercury,
and nickel are not available in bioavailable forms. It should be noted that the AVS/SEM ratio is
not the only parameter to assess the metal toxicity. Other site conditions may need to be
considered to assess the metal toxicity.

Table 10. Gravity Core Sediment AVS, SEM and SEM/AVS Ratio

Sample L ocation AVS >.SEM 2. SEM/AVS
(umoles/g) (Lmoles/g)
CSO-CORE1 0-6 12.8 7.4157 0.58
CSO-COREZ2 0-6 29.8 6.6409 0.22
CSO-CORE30-6 36.2 10.6450 0.29
CSO-CORE4 0-6 30.6 7.6287 0.25
CSO-CORE5 0-6 25.9 7.5223 0.29
CSO-COREG6 0-6 18.2 9.3860 0.52
CSO-CORE7 0-6 13.7] 6.5663 0.48
CSO-CORES80-6 25.7 7.3406 0.29
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6.14.3 Petroleum Product Characterization

Two sediment samples were analyzed for total petroleum hydrocarbon (TPH) and diesel total
petroleum hydrocarbon (dTPH), as aresult of encountering strong petroleum odors during the
core sediment sample processing. The concentrations of both TPH and dTPH areincluded in
Table 11.

To ascertain the petroleum product, two sediment samples (CSO-C9-SR and CSO-E9-SR) were
analyzed for the number of carbon atoms. The carbon ranges in the samplers were found
between Cx and Css. Based on the carbon ranges, the petroleum product was characterized as
diesel oil and/or waste oil. In addition, the STL technician noted oil sheens during the sample
preparation.

Table11. TPH and dTPH Concentrations

Sample Location TPH (mg/kg) dTPH (mg/kg)

CSO-CORE56-12 1,190 310
CSO-CORE7 6-12 658 540
CSO-CORES5 6-12 (Rerun) 1,400 N/A
CSO-CORE?7 6-12 (Rerun) 1,410 N/A

6.14.4 Surficial Sediment Physical Properties

Surficial sediment physical properties were characterized by grain-size distribution, specific
gravity, density, and porosity.

Grain-Size Distribution: Analysis of the grain-size distribution for the surficial sediments found
to be predominantly sand and silt, with an average of 84.6% sand/silt and a standard deviation of
5.3%. On average, fine sand is about 50% of sediment.

Specific Gravity, Density, and Porosity: The surficial sediment was also analyzed for specific
gravity and density. Thisdatais essential to understanding the sediment’s physical properties.
The average specific gravity was determined to be 2.2, and the average wet density was found to
be 0.53 g/cm®. However, the sediment samples were highly disturbed, and this data should not
be used as the geotechnical design data.

The sediment porosity is defined as the percentage of open space between sediment grains. The
site surficial sediment porosity was approximately 75.3%, with a corresponding void ratio of
3.05. Porosity and void ratio information are important to evaluate the compressibility and
consolidation behavior of the sediment under loading, as discussed in Section 8.0.

6.15 Deep Sediment Characterization Results

The deep sediment samples were analyzed for PCBs, PAHSs, and metals. The characterization
results are summarized below.
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Polychlorinated Biphenyls: Table 12 shows the PCBs concentrations determined at the

different depth below the mudline. Only trace PCBs (ranging from 29 ug/kg to 2,390 pg/kg)
were detected in the samples collected at a depth of 5 to 7 feet below the mudline. No PCBs
were detected in the samples collected at10 feet below the mudline.

Polynuclear Aromatic Hydrocarbons: Table 12 shows the tPAHs in deep sediment core
segments. The tPAH concentrations (ranging from 929 pg/kg to 10,600 g/kg) were determined
in sediment samples collected at a depth of 5 to 7 feet below the mudline, but no PAHs were

detected in the samples at 10 feet below the mudline.

Table 12. Deep Sediment Sample Total PCBs and PAHs Concentrations

Boring L ocation Sample L ocation Total PCBswith | Total PAH (ug/kg)
Aroclors (ug/kg)

Bl B1(B2)5-7.5 29 929

B1(B2)10.5-12.5 Non Detected Non Detected

BORING 1(B2)15.5-17.5 Non Detected Non Detected

BORING 1(B2)20-22 Non Detected Non Detected

B2 BR2(D3)5-7 2,390 10,600

Metals: Sediment samples were analyzed and evaluated for the EPA 13 priority metalsincluding
antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel, selenium,
silver, thallium, and zinc.

Detected metals concentrations in the 5-to-7 (7.5) feet, 10.5-t0-12.5 feet, 15.5-t0-17.5 feet, and
20-t0-22 feet segment samples were summarized in Table 13. I1n general, the detected metals
concentrations were similar in all segments of sediment samples, with the exception of sample
BR2(D3)5-7, which had relatively elevated metals concentrations.

6.16 Surface Water Results
6.16.1 Surface Water Samples Results

Two surface water samples were analyzed for the following parameters. PCBs, PCBs congeners,
PAHs, metals, TKN, TP, TSS, TDS, and pH. The results of these analyses are summarized in
Tables 14, 15, and 16.

In summary, no PCBs (aroclors) were detected in the surface water samples; however, trace
PCBs congeners (Table 16) were detected in the surface water samples.
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Table 13. Deep Sediment Metals Concentrations

Metal B1(B2)5-7.5 B1(B2)10.5-12.5 | BORING 1(B2)15.5-17.5 | BORING 1(B2)20-22 BR2(D3)5-7
Conc. | Qualifier | Conc. | Qualifier | Conc. Qualifier Conc. Qualifier | Conc. | Qualifier
(mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)

Antimony 0.94N U 0.93IN U 0.99N U 0.99N U 0.6|BN

Arsenic 3.8|N 3.6|N 3.1N 3IN 8N

Lead 15.7NE 12.7NE 10.2NE 7INE 439INE

Nickel 16|E 17.2E 17.8E 12.7E 32.3E

Beryllium 1 1.1 1.4 0.8 1

Selenium 0.57|N 0.69|N 0.79N 0.59|N 1.4|N

Silver 0.47|U 0.47|U 0.5V 0.49|U 17.1

Thallium 0.94N U 56.2|E 0.99N U 0.99N U 1INU

Zinc 51.7|E 21E 52.3E 38.8|E 475|E

Chromium 20.7|E 0.47NU 18.9E 13.3E 111E

Cadmium 0.038BN 19.1 0.5N U 0.49N U 3.8IN

Copper 19.6 19N U 15.6 9.8 156
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Table 14. Surface Water Concentrationsof TP, TKN, TSS, TDS, and pH, metals, and PCBs

(Aroclors)

Parameter |CSO-W1 CSO-W2
Conc. (mg/L) |Qualifier |Conc. (mg/L)|Qualifier

TP 0.039B 0.07B
TKN 3|U 3|U
TSS 20.4 20.4
TDS 280 278
pH 7.2 7.2

Metal (ug/L)
Antimony 0.3B 0.26B
Arsenic 0.6B 0.53B
Lead 2.9 2.6J
Nickel 5.4 5.2
Beryllium 1U 1uU
Selenium 0.31B 0.4B
Silver 1U 1U
Thallium 1U 11U
Zinc 32.1 27.81J
Chromium 1.9B 1.8B
Cadmium 1U 1U
Copper 4.6|J 4.6)J
Mercury 0.0002|U 0.0002/U

PCBs (ug/L)
Aroclor 1016 1U 11U
Aroclor 1221 11U 1U
Aroclor 1232 1)U 1)U
Aroclor 1242 1U 1U
Aroclor 1248 1U 11U
Aroclor 1254 11U 1U
Aroclor 1260 1)U 1)U
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Table 15. Surface Water PAHs Concentrations

CSO-w1 CSO-wW2
Parameter Conc. (ug/L)|Qualifier/Conc. (ug/L)|Qualifier
Naphthalene 0.02U 0.021
2-Methylnaphthalene 0.02U 0.024
1-Methylnaphthalene 0.02U 0.011)J
Biphenyl 0.02|U 0.02U
2,6 Dimethylnaphthalene 0.02U 0.02
Acenaphthylene 0.02U 0.053
Acenaphthene 0.02U 0.017,J
2,3,5 Trimethylnaphthalene 0.02U 0.011)J
Fluorene 0.02|U 0.022
Dibenzothiophene 0.02U 0.02|U
Phenanthrene 0.04 0.039
Anthracene 0.02U 0.02)U
1-Methylphenanthrene 0.02U 0.02U
Fluoranthene 0.14 0.15
Pyrene 0.1 0.096
Benzo(a)anthracene 0.019J 0.019)J
Chrysene 0.061 0.06
Benzo(b)fluoranthene 0.05 0.047
Benzo(k)fluoranthene 0.029 0.029
Benzo(e)pyrene 0.029 0.031
Benzo(a)pyrene 0.027 0.028
Perylene 0.02U 0.02|U
Indeno(1,2,3-cd)pyrene 0.028 0.026
Dibenz(a,h)anthracene 0.013J 0.02U
Benzo(g,h,i)perylene 0.034 0.034
Naphthalene-d8(SS) 0.12 0.12
Acenaphthene-d10(SS) 0.13 0.13
Phenanthrene-d10(SS) 0.12 0.12
Chrysene-d12(SS) 0.19 0.16
Perylene-d12(SS) 0.16 0.15
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Table 16. Surface Water PCBs Congeners Concentrations

PCBs CSO-w1 CSO-W2
Congeners  |Conc. (ng/L)|Qualifier |Conc. (ng/L)|Qualifier
1 0.035)J 0.036|KJ
3 U U
5 U U
8 0.12|KBJ 0.13KBJ
15 0.09KBJ 0.097|KBJ
18 0.12BCJ 0.14BCJ
28 0.21B C20J 0.21B C20J
31 0.18|BJ 0.19BJ
37 0.037)J 0.039)J
44 0.26|KC 0.28/C
49 0.15|CJ 0.16/CJ
52 0.28 0.27
66 0.15KJ 0.15
70 0.26K B C61 0.25KB C61
74 0.26|K B C61 0.25K B C61
77 U U
81 U U
87 0.081|K C86 J 0.084|K C86 J
90 0.18|CJ 0.19/CJ
99 0.058KCJ 0.078|CJ
101 0.18/C90J 0.19/C90J
105 0.061|KJ 0.069)J
110 0.18|CJ 0.18|CJ
114 U U
115 0.18/C110J 0.18/C110J
118 0.19BJ 0.16BJ
119 0.081|K C86 J 0.084|K C86 J
123 U U
126 U U
128 0.039KCJ U
138 0.35/C129 0.27|C129
141 0.082J 0.055)J
149 0.22|C147J 0.22/C147 J
151 0.097|C135J 0.098/C135J
153 0.32C 0.29/C
156 0.034|KBCJ 0.046|BCJ
157 0.034K B C156 J 0.046|B C156 J
158 0.026|KJ U
167 0.016|KJ U
168 0.32|C153 0.29/C153
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Table 16. Surface Water PCBs Congeners Concentrations (Continued)

PCBs
Congeners CSO-W1 |CSO-W2
Conc. (ng/L) |Qualifier |Conc. (ng/L) |Qualifier
169 U U
170 0.073|KJ 0.084|KJ
177 U 0.043KJ
180 0.22|CJ 0.2ICJ
183 0.037|KCJ 0.048|KCJ
184 U U
187 0.098J 0.072KJ
189 U U
194 0.047KJ 0.039KJ
195 U U
199 U 0.035[K C198J
202 U U
206 U U
207 U U
209 U U

6.16.2 Water Quality Monitoring Results

During the sampling events, the water quality parameters (temperature, salinity, pH, dissolved
oxygen, and turbidity) were measured and recorded, using Y SI 650 MDS instrumentation from
March to June 2003. Appendix G provides the recorded water temperature, salinity, pH,
dissolved oxygen, and turbidity measurements during the sampling events.

In summary, the surface water salinity was found to average 0.26 with a standard deviation of
0.006. The surface water pH was found to average 7.7 with a standard deviation of 0.07, and
surface water conductivity was found to average 0.55 (ms/cm) with a standard deviation of 0.006
ms/cm. The surface water turbidity (NTu) was recorded higher at an average of 30 NTu in
March 2003, which was one of the wettest months in the District of Columbia, compared with
approximately 12 NTu found in June 2003. Also, higher level of dissolved oxygen (12.4 mg/L)
was found in March 2003, compared with 6.5 mg/L found in June 2003.

6.17 PoreWater Sample Results

Two pore water samples were analyzed for the following parameters. PCBs, PCBs congeners,
PAHSs, metals, and pH. The results of these analyses are summarized in Tables 17, 18, and 19.
In summary, both trace PCBs aroclors and congeners were detected in the pore water sample.
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Table 17. Pore Water pH, Metals, and PCBs (Aroclors) Concentrations

Parameter CSOPORE1 CSOPORE2
pH 7.7 7.2
Conc. (ug/L) |QUALIFIER |Conc. (ug/L) |QUALIFIER
Metals
Antimony 0.73B 0.43B
Arsenic 5.9 3.3B
Lead 70.1J 21.2J
Nickel 9.5J 4.7\
Beryllium 0.2B 1jU
Selenium 2.9B 1.5B
Silver 2.3 1.1
Thallium 1)U 1U
Zinc 74.4) 38.8|J
Chromium 15.4 6.7
Cadmium 0.49B 0.23B
Copper 31.1)J 13\J
PCBs (Aroclors)

Aroclor 1016 1)U 11U
Aroclor 1221 11U 1jU
Aroclor 1232 1)U 1)U
Aroclor 1242 1U 1jU
Aroclor 1248 1.5 11U
Aroclor 1254 2.4 1jU
Aroclor 1260 2.9 0.96|J
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Table 18. Pore Water PAHs Concentrations

CSOPORE1 CSOPORE2
Parameter Conc. (ug/L)|QUALIFIER|Conc. (ug/L)QUALIFIER
Naphthalene 0.39 0.075
2-Methylnaphthalene 0.64 0.028
1-Methylnaphthalene 1 0.031
Biphenyl 0.071 0.02U
2,6 Dimethylnaphthalene 1.5 0.22
Acenaphthylene 0.083 0.041
Acenaphthene 0.4 0.38
2,3,5 Trimethylnaphthalene 1.4 0.64
Fluorene 0.39 0.19
Dibenzothiophene 0.19 0.089
Phenanthrene 1.2 0.64
Anthracene 0.17 0.12
1-Methylphenanthrene 0.42 0.21
Fluoranthene 0.68 0.55
Pyrene 0.87 0.63
Benzo(a)anthracene 0.17 0.13
Chrysene 0.34 0.2
Benzo(b)fluoranthene 0.18 0.13
Benzo(K)fluoranthene 0.095 0.08
Benzo(e)pyrene 0.18 0.1
Benzo(a)pyrene 0.15 0.1
Perylene 0.075 0.046
Indeno(1,2,3-cd)pyrene 0.051 0.045
Dibenz(a,h)anthracene 0.036}J 0.018)J
Benzo(g,h,i)perylene 0.095 0.066
Naphthalene-d8(SS) 0.15 0.12
Acenaphthene-d10(SS) 0.17 0.13
Phenanthrene-d10(SS) 0.12 0.094
Chrysene-d12(SS) 0.12 0.13
Perylene-d12(SS) 0.12 0.14
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Table 19. Pore Water PCBs Congeners Concentrations

CSOPORE2
PCBs PCBs
Congeners | Conc. (ng/L) Qualifier] Congeners | Conc. (ng/L) Qualifier
1 4.5 167 2.9
3 0.72 168 190 C153
5 0.28 KJ 169 0.25 KJ
8 8.6 B 170 30
15 1.5 B 177 34
18 11 BC 180 100 C
28 17 B C20 183 32 C
31 16 B 184 0.11 J
37 1.9 187 79
44 34 C 189 1.3
49 23 C 194 21
52 48 195 8.2
66 21 199 26 C198
70 47 B C61, 202 5.3
74 47 B C61, 206 5.4
77 0.95 207 1
81 U 209 2.1
87 32 C86)
90 96 C
99 43 C
101 96 C90
105 11
110 53 C
114 1 K|
115 53 C110
118 40 B
119 32 C86)
123 0.49
126 0.084 J
128 12 C
138 140 C129
141 32
149 150 C147
151 92 C135
153 190 C
156 7.3 BC
157 7.3 B C156
158 12

6.18 Sediment Deposition Rate

Historic information indicates the sediment deposition rate in the Anacostia River ranges from
0.016 to 0.14 feet per year (SRC and NOAA 2000). A study is currently being conducted by

Horne Engineering Services, Inc. 73 10/10/03

Draft Ste Characterization Report
A-173



L SU to elucidate patterns of sediment accumulation rates and what effect reworking of materials
through physical and benthic processes have on mixing geologic timescales. The results will be
discussed and summarized when the data becomes available. This report will be submitted

separately.

An existing sediment transport model developed by the Interstate Commission on the Potomac
River Basin (Schultz 2001) for sediment transportation output predicted the demonstration area
was characterized as a depositional area. No significant erosion is expected.
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7.0 HYDRODYNAMIC DATA

Measuring water column and near-bottom currents is important for two reasons: first, the
potential for resuspension of contaminated material; second, the potential for the erosion of the
cap that would reexpose the bottom sediments to the influence of the hydrodynamic regime. In
addition, other influences on the bottom sediments come from normal channel flows, tidal
fluctuations, and storm effects or floods. Therefore, in addition to gauging station information
collected for the Anacostia additional measurements were collected over the month of April
2003 using ADCP to get a snapshot of the current dynamic.

7.1  River Flow Current Velocity

River flow current velocity was measured using a RD Instrument’s 1200 kHz Workhorse
Sentinel ADCP and was collected for four tide stages. maximum flood, maximum ebb, high
slack, and low slack. The ADCP was mounted to the starboard gunwale of a 26-ft work vessal.
The transducer face of the ADCP was placed one (1) foot below the water surface to avoid signal
interference by turbulence or debris. To collect datain water depths ranging from 3 feet to 22
feet, the number of binswas set at 35. Each bin was set at 0.66 feet (or 20 cm) for the field flow
velocity acquisition. Figure 32 shows the schematic diagram of an ADCP velocity measurement.
The “averaged” velocity at different bin size or level was comprised of 10 ensembles averaged
by the software, thus producing velocity data every 26 seconds during transect data collection. A
typical transect cross-section velocity profileis shown in Figure 33. Appendix H contained the
detailed method and results discussion.

Variability of magnitude between the four tide stages was not significant. Median magnitudes
for the averaged ensemble data ranged from 0.13 ft/s for high slack to 0.21 ft/s for maximum
flood. Maximum magnitudes ranged between 0.64 ft/s at high slack to 1.29 ft/s at maximum ebb
while all minimum magnitudes for all tide stages were 0.01 ft/s. In general, velocity magnitudes
were dightly higher towards the navigation channel, which is outside of the demonstration area.
Thetidal range during the field flow velocity data acquisition was 2.5 feet, which is the typical
tidal range in the Anacostia River (The mean difference between high and low tidal levels (mean
range) is 2.8 feet). Figure 34 shows the following environmental conditions during transect data
collections from 6 March and 14 March 2003: wind speed, barometric pressure, precipitation,
tide, and estimated river flow.

In addition, river flow velocity was acquired by mounting the ADCP to the northeast end of a
floating dock located at the ECC pier on the Anacostia River for 6 days. Ensembles were
collected every 10 minutes, with 45 pings per ensemble. The ADCP was configured to read 13
feet below the transducer face. Upon data download and post-processing, it was evident that the
ADCP did not record data down to the river bottom because of high river water levels. An
additional 2 or 3 bins should have been added in the configuration of the instrument before it was
deployed to obtain velocity to the bottom of theriver.

However, examination of the data showed an increase in magnitude near the bottom of the
velocity profile, ranging from 0.1 to 3.24 ft/s. According to RD Instruments, this may be the
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result of the ADCP reading two reflections off the bottom of the river bottom. When the ADCP
pinged, it would record two velocities for the last depth cell and calculate velocity. Therefore the
last depth cell velocity was a cumulative value of 2 sound signals. Other possible explanations
for the high velocity data points could be debris or large fish passing under the ADCP during
data collection. Asaresult, this data was determined to be unusable.

The measured velocities are comparable to the current velocities from previous studies, which
were in the range of 0.07 to 0.66 ft/s along the axis of the channel and relatively homogeneous
throughout the water column over atidal cycle during non-storm conditions (Katz, et al. 2000).
In addition, the model-simulated flow velocities over the course of the 3-year calibration period
from 1988 to 1990 by ICPRB are generally less than 1.60 ft/sec (Schultz, 2001). The model did
not predict aflow velocity greater than 2.80 ft/sec during the 3-year period.

7.2 Rainfall Data and Historical Flow Data

The average precipitation at the Ronald Reagan National Airport observation station for the last
30 years was obtained from the National Climatic Data Center. Table 20 shows the historical
flow data for the Anacostia River, obtained from U.S. Geological Survey gauges at Riverdale
Road on the Northeast Branch, Northwest Branch Near Hyattsville, MD, and Watts Branch at
Washington, D.C.

7.3  Hydraulic and Sediment Transport M odel

Several sediment transport and hydraulic model developed for the Anacostia River was reviewed
and evaluated. Specifically, existing model developed by ICPRB (ICPRB 2000, Schultz, 2001)
for sediment transportation were reviewed. Detailed discussion is not provided here.

7.4  Groundwater Seepage

The U.S. Navy Space and Warfare Systems Center (SPAWAR) conducted the in-situ
measurements of aqueous flux, or seepage, across the river-bottom interface to the overlying
water column at six locations in the Anacostia River (Chadwick et a. 2001). One of the
groundwater seepage study locations was located at the Cement Plant site, which isjust west of
the ECC Pier along the northern shore of the river approximately 500 feet from the
demonstration site. Based on the SPAWAR investigation, sediments at the Cement Plant site
appeared to be a coarse-grained mixture of sand, gravel and rubble.

The SPAWAR study findings indicated that the mean seepage rate ranges from aweak (and
negative) measurement of -0.049 cm/d, to a moderate measurement of 1.1 cm/d. The results
showed aweak to moderate tidal influence, with tidal amplitude ranging from -0.049 cm/d to 2.7
cm/d. The phase shift of the seepage meter readings was similar showing strongest discharge
seepage just after high water, continuing atrend of smaller phase shifts for the down-river sites.
Both the tidal and mean seepage signals at this site ranged from weak to moderate among other
sitesalong the river. These resultsindicate that thereis only aweakly active groundwater
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Table 20. Rainfall Data and Flow Data

Total Average

Precipitation [Northeast Branch |Average Northwest| Watts Branch |[Combined

Year (in) Flows(cfs) Branch Flow (cfs) Flow (cfs) Flow (cfs)
1973 34.98 119 68.6 Not available 187.6
1974 35.96 85.7 45.6 Not available 131.3
1975 50.5 144 88.2 Not available 232.2
1976 38.07 99 56.8 Not available 155.8
1977 36.14 70.1 42.6 Not available 112.7
1978 39.56 111 65.4 Not available 176.4
1979 47.33 161 108 Not available 269
1980 29.32 78.9 46.6 Not available 125.5
1981 30.67 47.1 29 Not available 76.1
1982 35.77 63.2 37.6 Not available 100.8
1983 51.87 130 69.2 Not available 199.2
1984 37.73 94 58.4 Not available 152.4
1985 35.86 56.1 37.8 Not available 93.9
1986 32.57 59.3 38 Not available 97.3
1987 36.63 70.1 48.3 Not available 118.4
1988 31.74 72.4 43.9 Not available 116.3
1989 50.32 111 67 Not available 178
1990 40.84 93.2 60.4 Not available 153.6
1991 29.62 67 41.1 Not available 108.1
1992 36.38 83.8 50 Not available 133.8
1993 41.41 118 66.5 475  189.25
1994 37.57 107 63.8 5.07| 175.87
1995 39.8 81.8 44.8 3.95|  130.55
1996 51.05 151 89.6 6.05|  246.65
1997 33.82 89.4 50.3 3.74  143.44
1998 35.94 101 58.3 471  164.01
1999 40.23 82.3 46.6 4.3 133.2
2000 40.66 80.2 49.8 3.8 133.8
2001 29.95 68.4 42.8 3.5 114.7
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migration to the Anacostia River, in spite of the porous sediments observed in the deployment
area.

Based on the seepage findings at the Cement Plant site regarding the groundwater seepage rate
and the tidal influence and approximation between the Cement Plant and the demonstration site,
it may be reasonably concluded that similar findings may be found at the demonstration site. To
ascertain the potential impact of the seepage rate on the cap demonstration project, a
groundwater seepage study at the demonstration site was conducted between 5 September 2003
and 12 September 2003. The report will be submitted separately.
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80 SEDIMENT GEOTECHNICAL CHARACTERIZATION

Geotechnical testing was done to gather sufficient sediment geotechnical datato assist in the
design and construction of the “active caps’. Geotechnical samples were collected following the
American Society for Testing and Materials (ASTM) standards. Five deep borings were drilled
across each demonstration area. The five borings were located in a staggered arrangement across
the study area (Figure 35). The borings were advanced using steel casings and drill bit. All
borings were terminated between 20 and 26 feet below the mudline. . Sediment samples were
be collected at 2-foot intervalsin the top 12 feet continuously using 2-foot split spoons, and at 5-
foot intervalsto termination. In addition, where clay was expected to be present, based on split-
spoon recovery, a Shelby tube was pushed and sediment collected for |aboratory analysis. Each
boring location was relocated using GPS, and in-situ vane shear tests were conducted at 5-foot
intervals. The samples were analyzed for the geotechnical tests.

8.1  Site Geology

The site geology information was derived from the test borings completed during the
geotechnical investigation. The surficial sediment consisted of high plasticity silty clay, which
classifies as CH, according to the USCS. From the mud line to at least 10 feet below this
elevation, these soils were very soft, extremely weak, and highly compressible.

Stratum 1 —High Plasticity Silty Clay: The surficia stratum at all five boring locations
consisted of high plasticity silty clay, which classifies as CH according to the Unified Soil
Classification System (USCS). From the mud line to at least 10 feet below this elevation, these
soils were very soft, extremely weak, and highly compressible.

Stratum 2 — Silty Clayey Medium to Fine Sand: At boring locations B-1, B-2 and B-3, the
Stratum 1 soils were underlain by athin layer of silty clayey medium to fine sand, which ranged
in thickness from 2.5 to 9.0 feet, averaging 4.8 feet. The soil within this stratum classifies as SM
(silty sand) and SC (clay sand), according to the USCS.

Stratum 3 —Medium to Fine Sandy Clayey Silt: A localized 6-foot-thick layer of medium to
fine sandy clayey silt was encountered beneath the Stratum 1 soilsin Boring B-4. This material
classifiesas ML (low plasticity clayey silt) according to the USCS and contains 46.7% sand,
40.5% silt and 12.8% clay. The maximum particle size of this material is4.76 mm (i.e. the No. 4
sievesize). A single measured Standard Penetration Test value of five blows per foot is
indicative of a“firm” consistency for this material.

Stratum 4 — Low Plasticity Silty Clay: A localized 5-foot-thick layer of low plasticity silty clay
was encountered beneath the Stratum 3 soilsin Boring B-4. A localized pocket of this same
material was also encountered beneath the Stratum 2 soilsin Boring B-1 and extended to the
completion depth of this boring. The soils within this stratum classify as CL (low plasticity silty
clay) according to the USCS.
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Stratum 5 — Coar se Sand and Coar seto Fine Gravel: This material was encountered as the
lowest level soil stratum in all borings except B-1. The top of this stratum was encountered at
depths below the mud line ranging from 15.5 to 24.0 feet, averaging 20.3 feet. The materia
classifies as SW/GW (well-graded sandy to well-graded gravelly soils) according to the USCS.

8.2  Sediment Bearing Capacity and Slope Stability

The geotechnical analysis provides the evaluation of the geotechnical design of the active
capping systems proposed for construction within the Anacostia River. With the current design
and layout, the active caps will satisfy both bearing capacity and settlement considerations. A
geotechnical report detailing cal culation and specifics to the proposed capping project isincluded
Appendix | of this document.

The findings of the geotechnical analysis suggested using a “thin lift (approximately 6 inches),
staged construction” approach that will avoid localized bearing capacity failures of the very soft,
weak river bottom sediments during placement of the active cap materials.

Horne Engineering Services, Inc. 84 10/10/03
Draft Ste Characterization Report

A-184



90 BENTHIC COMMUNITY SURVEY

The Stage 2 field investigations was originally scheduled to include both a SAV and a benthic
community survey. However, the originally proposed SAV sampling was determined to be
unnecessary, based on water conditions and the results of the sediment-profiling imaging review
(Appendix A) After aconsultation with the DOH, a decision was reached to abandon this
survey. The Stage 2 benthic community sampling activities were conducted on 5 June 2003.

9.1  Benthic Community Sampling and Findings

Four stations (B1, B2, B3, and B4) were selected for benthic macroinvertebrate sampling (Figure
16) within the demonstration area. Triplicates per sampling location were collected for benthic
macroinvertebrate community analyses, following the methodology described in the
Macroinvertebrate Field and Laboratory Methods for Evaluation of Biological Integrity of
Surface Waters (USEPA 1990). The content of each grab sample was sieved through a 500-um
mesh. Materials retained on the sieve were captured and preserved with a 10-percent formalyn
solution until processing. The preserved benthic samples were processed for sorting,
identification, and enumeration at an offsite |aboratory.

Oligochaete worms were found to be dominated at all stations: B3 (11 taxa), B1 and B4 (9 taxa),
and B2 (10 taxa). The remaining groups Nematoda, Nemertean, Hirudinea, Gastropoda,
Pelecypoda, and Insecta were only represented by one or two taxa. Thirteen total taxa were
found at Stations B3 and B2 and 14 taxa were found at B1 and B4. The detailed method and
results discussion isincluded in Appendix J.

Table 21 lists the each location sample abundance, Shannon-Weaver and Pielou Index. Station
B2 had the lowest diversity, evenness, taxa richness, and abundance of the stations sampled from
the Anacostia River. Station B4 had the highest diversity, evenness, and taxa richness. The only
statistically significant finding is that Station B4 has significantly greater diversity and evenness
than Station B2, but no station was statistically different from all others for any of the metrics
calculated.

Grain sizes at the benthic locations were not variable. Sediment at the stations was comprised of
fine sands (45.7% to 74.2%), silts (6% to 34.2%), and clays (10% to 16.1%). Total organic
carbons (TOCs) aso did not show much variability, ranging from 6.13% (61,300 mg/kg) to
10.41% (104,100 mg/kg). Organism abundance and diversity reflects the lack of variability in
sediment typesin the study area.

9.2  Submerged Aquatic Vegetation

As previoudly discussed, a determination had been made that SAV sampling was unnecessary,
based on the results from the Stage 1 findings. The removal of this sampling plan was donein
consultation with Ira Palmer, Program Manager, the Environmental Health Administration’s
Fisheries and Wildlife Division of the DOH.
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Table 21. Station Comparison of Sample Abundance, Shannon-Weaver and Pielou I ndex

Average
Abundance Mean Average Mean
Station # N| Grouping Station #Taxa |N| Grouping
Bl 2189 3A B4 1233 [3]A
B4 2067 3A Bl 1200 |[3]A
B3 1619 3A B3 1167 |3]A
B2 1531 3A B2 9.67 3A
Average
Shannon-
Weaver Mean Pielou Mean
Station | Diversity |N| Grouping Station | Evenness |[N| Grouping
B4 2.83 3 A B4 0.54 3A
Bl 251 3 AB Bl 0.48 3 |AB
B3 2.39 3 AB B3 0.47 3 |AB
B2 1.93 3 B B2 041 3| B
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Appendix A Geophysical and Sediment Profile Imaging (SPI) Surveys Report
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Appendix B Field Notes

Gravity CoreLogs

Project Name: Anacostia Capping Proj ect

Sample Number: CSO Core 1l

Date of Sample Coallection: March 11, 2003

Time of Collection: 12:00

Soil Interval Lithologic Description Per cent
Sampled* Recovery Comments
(in Inches)
Mud — dark olive green organic
0-6 rich, abundant leaf debris, high 100 Organic matter, decay - septic
water content, some silt and odor
sand.
6-12 As above 100
12-24(12-22) | Asabove 83

*Gravity Core- Soil recovered in acetate leeve.

Project Name: Anacostia Capping Project
Sample Number: CSO Core 2

Date of Sample Coallection: March 11, 2003
Time of Collection: 13:45

Soil Interval Lithologic Description Per cent
Sampled* Recovery Comments
(in Inches)
Mud — dark olive green, organic
0-6 rich, abundant leaf debris, high 100 Organic matter, decay - septic
water content, some silt and odor
sand.
6-12 As above 100
12-24(12-20) | Asabove 66

*Gravity Core- Soil recovered in acetate sleeve.

Horne Engineering Services, Inc. 1 10/10/03

Draft Ste Characterization Report

A-190



Gravity CoreLogs

Project Name: Anacostia Capping Project

Sample Number: CSO Core 3

Date of Sample Coallection: March 11, 2003

Time of Collection: 15:05

Soil Interval Lithologic Description

Per cent

Sampled* Recovery Comments
(in Inches)
Mud —dark olive green, organic . :
06 rich, abundant leaf debris, high 100 Ooégf‘”'c matter, decay - septic
water content, little silt and sand.
Asabove leaf layers forming
6-12 distinct bands (varve like), no 100
silt or sand present.
As above but at base a zone of
12-24(12-14) black stained and petrolific 16 Strong petroleum odor
*Gravity Core- Soil recovered in acetate sleeve.
Project Name: Anacostia Capping Project
Sample Number: CSO Core 4*
Date of Sample Collection: March 11, 2003
Time of Collection: 14:45
Soil Interval Lithologic Description Per cent Comments
Sampled** Recovery
(in Inches)
Mud — dark olive green, organic . .
0-6 rich, abundant leaf debris, high 100 Orgenic matter, decay - sepic
water content, little silt and sand.
6-12 Asabove 100
12-24(12-20) Asgbove W'.th dark staining a 66 Strong petroleum odor
base petralific.
* Duplicate Samples Collected
**Gravity Core - Soil recovered in acetate sleeve.
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Gravity CoreLogs

Project Name: Anacostia Capping Project

Sample Number: CSO Core5

Date of Sample Coallection: March 12, 2003

Time of Collection: 12:30

Soil Interval Lithologic Description Per cent Comments
Sampled* Recovery
(in Inches)

Mud — dark olive green, organic
rich, abundant leaf and grass Organic matter, decay - septic

0-6 100

debris, high water content, little odor
silt and sand.
As above, some silt and sand, il
6-12 stained, petrolific 100
12-24(12-18) }As above, petralific, rubber band 50
ound present.
*Gravity Core- Soil recovered in acetate sleeve.
Project Name: Anacostia Capping Project
Sample Number: CSO Core6
Date of Sample Collection: March 11, 2003
Time of Collection: 9:30
Soil Interval Lithologic Description Per cent Comments
Sampled* Recovery
(in Inches)
Mud — dark olive green, organic
0-6 rich, abundant leaf matter and 100 Organic matter, decay - septic
more leaf stems, high water odor
content, little silt and sand.
6-12 Asabove 100
12-24(12-15) | Asabove 25

* Gravity Core - Soil recovered in acetate sleeve. Thiswasthefirst location sampled using the gravity core.
Three dropswere made using different variations on the weight of the gravity core. Thefirst drop
was made with just the weight of the gravity coreitself result 1.5 foot recovery. The second drop
made with 75 kilograms of additional weight added to the gravity cor e appear ed to cause either
reduced penetration or reduced recovery —result 1.0 feet recovered. Thethird drop was again made
with out additional weight and resulted in a recovery of 1.25 feet.
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Gravity CoreLogs

Project Name: Anacostia Capping Project
Sample Number: CSO Core 7
Date of Sample Collection: March 12, 2003
Time of Collection: 11:30
Soil Interval Lithologic Description Per cent Comments
Sampled* Recovery
(in Inches)
0-6 Mud — dark olive green, organic
rich, abundant leaf, high water
content. 100 Organic matter, decay - septic
36 As above with high 50% odor
silt/sand content, leaf debris
stratified.
Asabove, more silt and sand, oil .
6-12 stained, petrolific 100 Slight petroleum odor
"12-24(12-14) | Asabove, petrolific 16 Slight petroleum odor

*Gravity Core - Soil recovered in acetate sleeve.

Project Name: Anacostia Capping Proj ect
Sample Number: CSO Core 8
Date of Sample Collection: March 12, 2003
Time of Collection: 11:30
Soil Interval Lithologic Description Per cent Comments
Sampled* Recovery
(in Inches)
0-6 Mud — dark olive green, organic
rich, abundant leaf, high water
content. 100 Organic matter, decay - septic
36 As above with higher 50% odor
silt/sand content, leaf debris
stratified.
6-12 As above, more silt and sand 100 As Above
"12-24(12-17) | Asabove, ail stained, petralific 41 Strong petroleum odor

* Gravity Core- Soil recovered in acetate sleeve. Original sample location offset dueto poor sample
recovery.
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Ponar Sample Soil Logs
AlLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-A1-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 16:15

Bottom Depth: 3 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud — dark olive green, organic
rich, abundant leaf and twig Oroanic matter decay - seotic
0-6 material, blebs of sheen, 5 oo » (ecay = 5P
silt/sand, high water content,
pudding consistency.
Note: * - Target soil (sediment) interval
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-A2-S
Date of Sample Coallection: March 9, 2003
Time of Collection: 14:45
Bottom Depth: 4 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud — dark olive green, organic
rich, abundant leaf and twig Oraanic matter. decay - sentic
0-6 material, blebs of sheen, 5 oder ; decey - S5
silt/sand, high water content,
pudding consistency.
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-A3-SR
Date of Sample Collection: March 9, 2003
Time of Collection: 12:45
Bottom Depth: 3 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand with some rounded
0-6 gravel, (1) live bivalve present in 2
sample.
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Ponar Sample Soil Logs
A Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-A4-S

Date of Sample Collection: March 9, 2003

Time of Collection: 14:45

Bottom Depth: 4 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Silty sand with some rounded
gravel, (2) liveclams, (2) live Fairly well sorted - no septic
mussels and (2) live snails odor

present in sample.

0-6

Project Name: Anacostia Capping Project

Sample Number: CSO-A5-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 8:30

Bottom Depth: 4 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand with high organic
content, matted leaf debrisin Organic matter, decay - septic
upper inch, leaf stems odor

throughout, high water content

0-6

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-A6-S

Date of Sample Collection: March 8, 2003

Time of Collection: 17:10

Bottom Depth: 6 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches Comments
(in Inches)
0-6 Mud, dark olive green, with silt, 5 Organic matter, decay - septic
high organic and water content. odor
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Ponar Sample Soil Logs
AlLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-A6-S

Date of Sample Collection: March 8, 2003

Time of Collection: 17:10

Bottom Depth: 6 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
0-6 abundant leaf debris, high 5
organic and water content.

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-A7-SR

Date of Sample Collection: March 8, 2003

Time of Collection: 15:30

Bottom Depth: 5 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
0-6 abundant leaf debris, high 4
organic and water content.

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-A8-S

Date of Sample Collection: March 8, 2003

Time of Collection: 13:45

Bottom Depth: 4 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches Comments
(in Inches)

Silty sand, dark olive green,
0-6 abundant leaf debris, high 3
organic and water content.

Organic matter, decay - septic
odor
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Ponar Sample Soil Logs

A Line

Project Name: Anacostia Capping Project

Sample Number: CSO-A9-SR

Date of Sample Collection: March 8, 2003

Time of Collection: 11:00

Bottom Depth: 5 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
abundant leaf debris, twigs and

Three sample attemptsin this

0-6 stems, high organic and water 3 Iocan_on. Organic matter, decay
- septic odor
content.
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-A10-S
Date of Sample Collection: March 8, 2003
Time of Collection: 8:35
Bottom Depth: 6 feet
Soil Interval Lithologic Description Recovery in
Sampled* Inches Comments
(in Inches)
Mud with some silt sand, dark
0-6 olive green, abundant |eaf 3 Organic matter, decay - septic
debris, high organic and water odor
content.
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Ponar Sample Soil Logs

B Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-B1-S

Date of Sample Collection: March 9, 2003

Time of Collection: 15:20

Bottom Depth: 8 feet

10/10/03

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand, dark olive green,
abundant leaf debris, twigs and Organic matter, decay - septic
0-6 : ) 5
stems, high organic and water odor
content.
Project Name: Anacostia Capping Project
Sample Number: CSO-B2-SRGC
Date of Sample Collection: March 9, 2003
Time of Collection: 15:00
Bottom Depth: 9 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt sand, dark olive
green, abundant leaf debris, high
organic and water content, Organic matter, decay - septic
0-6 i . 5
pudding like consistency, odor
abundant bubbles when Ponar
struck bottom.
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-B3-S
Date of Sample Collection: March 9, 2003
Time of Collection: 13:05
Bottom Depth: 8 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt sand, dark olive
green, abundant leaf debris, high Organic matter, decay - septic
0-6 : 5
organic and water content, odor
pudding like consistency
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Ponar Sample Soil Logs

B Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-B4-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 11:45

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt and sand, dark
olive green, abundant |eaf Oraanic matter. decay - sentic
0-6 debris, high organic and water 5 g » decay - e
Sy odor
content, pudding like
consistency
Project Name: Anacostia Capping Project
Sample Number: CSO-B5-S
Date of Sample Collection: March 9, 2003
Time of Collection: 8:40
Bottom Depth:7 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand greater than 50%,
0-6 dark olive green, abundant | eaf 5 Organic matter, decay - septic
debris, high organic and water odor
content
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-B6-SR
Date of Sample Coallection: March 9, 2003
Time of Collection: 7:30
Bottom Depth: 5 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt and sand, dark
olive green, abundant |eaf Oraanic matter. decay - sentic
0-6 debris, high organic and water 3 g » decay - e
Sy odor
content, pudding like
consistency
Horne Engineering Services, Inc. 10
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Ponar Sample Soil Logs

B Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-B7-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 7:30

Bottom Depth: 5 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand, dark olive green, . .
06 abundant leaf debris, high 5 Organic matter, decay - septic
. odor
organic and water
Project Name: Anacostia Capping Project
Sample Number: CSO-B8-SR
Date of Sample Collection: March 8, 2003
Time of Collection: 14:00
Bottom Depth: 5 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt sand, dark olive
green, abundant leaf debris, high
0-6 organic and water content, 3 Organic matter, decay - septic
pudding like consistency, odor
abundant bubbles when Ponar
struck bottom.
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-B9-SR
Date of Sample Collection: March 8, 2003
Time of Collection: 11:30
Bottom Depth: 9 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt sand, dark olive
0-6 green, abundant leaf debris, 3 Organic matter, decay - septic
plastic detritus, high organic and odor
water content (gutter mix).
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Ponar Sample Soil Logs

B Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-B10-SR

Date of Sample Collection: March 8, 2003

Time of Collection: 11:30

Bottom Depth: 8 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
0-6 abundant leaf debris, high 2
organic and water content

Three sample attempts, Organic
matter, decay - septic odor
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Ponar Sample Soil Logs
CLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-C1-SR(D)

Date of Sample Collection: March 9, 2003

Time of Collection: 16:25

Bottom Depth: 10 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Silty sand, dark olive green,
abundant leaf and twig debris,
0-6 high organic and water content, 4
abundant bubble from Ponar
strike

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-C2-S

Date of Sample Collection: March 9, 2003

Time of Collection: 15:15

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches Comments
(in Inches)

Silty sandy mud, dark olive
green, abundant leaf and twig
0-6 debris, high organic and water 5
content, abundant bubble from
Ponar strike

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Proj ect
Sample Number: CSO-C3-SRG
Date of Sample Collection: March 9, 2003

Time of Collection: 13:20
Bottom Depth: 14 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt sand, dark olive

green, abundant |eaf, twig and Organic matter, decay - septic

0-6 plastic debris, high organic and 4 odor
water content, pudding like
consistency
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Ponar Sample Soil Logs

C Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-C4-S

Date of Sample Collection: March 9, 2003

Time of Collection: 11:55

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand, dark olive green,
abundant leaf and twig debris,
0-6 high organic and water content, 5 Organic matter, decay - septic
large live mussel present, some odor
bubbles released from Ponar
strike
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-C5-SRGC
Date of Sample Coallection: March 9, 2003
Time of Collection: 11:55
Bottom Depth: 9 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt and sand, dark
olive green, abundant leaf and Oraanic matter. decay - sentic
0-6 twig debris, high organic and 4 g » decay - e
odor
water content, some bubbles
released from Ponar strike
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-C6-S
Date of Sample Collection: March 9, 2003
Time of Collection: 7:45
Bottom Depth: 8 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud, little silt/sand present, dark
0-6 olive green, abundant leaf and 4 Organic matter, decay - septic
twig debris, high organic and odor
water content
Horne Engineering Services, Inc. 14
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Ponar Sample Soil Logs
CLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-C7-SRG

Date of Sample Collection: March 8, 2003

Time of Collection: 16:10

Bottom Depth: 6 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
0-6 abundant leaf debris, high 5
organic and water content

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-C8-S

Date of Sample Collection: March 8, 2003

Time of Collection: 14:30

Bottom Depth: 8 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Fine grained silty sand, dark
olive green, abundant |eaf 3 Organic matter, decay - septic
debris, high organic and water odor

content

0-6

Project Name: Anacostia Capping Project

Sample Number: CSO-C9-SRG

Date of Sample Collection: March 8, 2003

Time of Collection: 11:45

Bottom Depth: 8 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, sand fine to coarse,
dark olive green, abundant leaf 3 Organic matter, decay - septic
debris, high organic and water odor

content

0-6
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Ponar Sample Soil Logs

C Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-C10-S

Date of Sample Collection: March 8, 2003

Time of Collection: 9:35

Bottom Depth: 5 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Sand and gravel (2cm)present,
0-6 dark olive green, some | eaf 3
debris, high organic content

Organic matter, decay - septic

odor
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Ponar Sample Soil Logs
D Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-D1-S

Date of Sample Collection: March 9, 2003

Time of Collection: 16:35

Bottom Depth: 12 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Mud with silt to sand size
material, dark olive green,
abundant leaf, twig and plastic Organic matter, decay - septic
debris, high organic and water odor

content, pudding like
consistency

0-6

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-D2-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 15:30

Bottom Depth: 12 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt to sand size
material, dark olive green,
abundant leaf and twigs debris,
0-6 high organic and water content, 5
pudding like consistency,
bubbles from Ponar striking
bottom sediments

Organic matter, decay - septic
odor
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Ponar Sample Soil Logs

D Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-D3-S

Date of Sample Collection: March 9, 2003

Time of Collection: 13:45

Bottom Depth: 13 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size
material, dark olive green,
0-6 abundant leaf, stems and twigs 5 Organic matter, decay - septic
debris, high organic and water odor
content, pudding like
consistency, live clam present
Project Name: Anacostia Capping Project
Sample Number: CSO-D4-SRG
Date of Sample Coallection: March 9, 2003
Timeof Collection: 12:10
Bottom Depth: 13 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size
material, dark olive green, few Organic matter, decay - septic
0-6 . . 5
leaves mainly stems and twigs, odor
high organic matter
Project Name: Anacostia Capping Project
Sample Number: CSO-D5-S
Date of Sample Coallection: March 9, 2003
Time of Collection: 9:10
Bottom Depth: 11 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size
material, dark olive green,
abundant leaf and twigs debris, Oraanic matter. decay - sentic
0-6 high organic and water content, 5 g » decay - Sep
I . odor
pudding like consistency,
bubbles from Ponar striking
bottom sediments
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Ponar Sample Soil Logs
D Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-D6-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 7:50

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Mud with silt to sand size
material, dark olive green,
0-6 abundant leaf and stem debris, 4
high organic and water content,
pudding like consistency

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-D7-S

Date of Sample Collection: March 8, 2003

Time of Collection: 16:20

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt to sand size
material, dark olive green,

0-6 abundant leaf and twigs debris, 4 Organic matter, decay - septic

high organic and water content, odor
pudding like consistency
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-D8-SR
Date of Sample Coallection: March 8, 2003
Time of Collection: 14:50
Bottom Depth: 10 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size
0-6 material, dark olive green, 4 Organic matter, decay - septic
abundant leaf debris and whole odor
leaves, high organic matter
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Ponar Sample Soil Logs

D Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-D9-S

Date of Sample Collection: March 9, 2003

Time of Collection: 11:55

Bottom Depth: 10 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand with pebbles and . -
“clinkers from coal fired boil”, Three attempts to gain sufficient
0-6 15 sample for duplicate, bottom
1 mussel and 2 clams recovered sediment was very well armored
from sediment largest 3” y
Project Name: Anacostia Capping Project
Sample Number: CSO-D10-SR
Date of Sample Collection: March 8, 2003
Time of Collection: 9:50
Bottom Depth: 12 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size Oraanic matter. decay - seotic
0-6 material, dark olive green, 4 o dgr » decay - Sep
abundant leaf debris
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Ponar Sample Soil Logs
E Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-E1-SR

Date of Sample Collection: March 9, 2003

Time of Collection: 16:45

Bottom Depth: 13 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt to sand size
material, dark olive green, 5 Organic matter, decay - septic
abundant leaf and stem debris, odor

pudding like consistency

0-6

Project Name: Anacostia Capping Project

Sample Number: CSO-E2-S

Date of Sample Collection: March 9, 2003

Time of Collection: 15:45

Bottom Depth: 13 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt to sand size
material, dark olive green,
0-6 abundant leaf debris, abundant 5
biogenic bubbles from Ponar
striking bottom sediments

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Proj ect
Sample Number: CSO-E3-SR
Date of Sample Coallection: March 9, 2003

Time of Collection: 14:05
Bottom Depth: 14 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt to sand size
material, dark olive green, 5 Organic matter, decay - septic
abundant leaf and stem debris, odor

pudding like consistency

0-6
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Ponar Sample Soil Logs
E Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-E4-S (Duplicate)

Date of Sample Collection: March 9, 2003

Time of Collection: 16:45

Bottom Depth: 13 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silt to sand size
0-6 material, dark olive green, 5 Organic matter, decay - septic
abundant |eaf, stem, and plastic odor
debris
Project Name: Anacostia Capping Project
Sample Number: CSO-E5-SR (Duplicate)
Date of Sample Collection: March 9, 2003
Time of Collection: 9:30
Bottom Depth: 15 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Mud with silt to sand size
0-6 material, dark olive green, 5
abundant leaf plastic debris

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-E6-S

Date of Sample Collection: March 9, 2003

Time of Collection: 8:10

Bottom Depth: 11 feet

Soil Interval Lithologic Description Recovery in

Sampled* Inches Comments
(in Inches)
Silty sand size material, dark Organic matter, decay - septic
0-6 olive green, abundant leaf, stem, 4 odor '
and plastic debris
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Ponar Sample Soil Logs

E Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-E7-SR

Date of Sample Collection: March 8, 2003

Time of Collection: 16:40

Bottom Depth: 9 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Silty sand size material, dark
olive green, abundant |eaf Oroanic matter decay - seotic
0-6 debris, abundant biogenic 3 o dgr » decay - Sep
bubbles from Ponar striking
bottom sediments
Project Name: Anacostia Capping Project
Sample Number: CSO-E8-S
Date of Sample Collection: March 8, 2003
Time of Collection: 15:10
Bottom Depth: 12 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with silty sand size . .
0-6 material, dark olive green, 2 OOdrgf\nlc matter, decay - septic
abundant leaf debris
Project Name: Anacostia Capping Proj ect
Sample Number: CSO-E9-SR (Duplicate)
Date of Sample Coallection: March 8, 2003
Timeof Collection: 12:15
Bottom Depth: 14 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
0-6 Silty sand, dark olive green, 3 Organic matter, decay - septic
abundant leaf debris, live bivalve odor
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Ponar Sample Soil Logs

E Line

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-E10-S

Date of Sample Collection: March 8, 2003

Time of Collection: 10:15

Bottom Depth: 15 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Mud with some silt sized
material, dark olive green,
0-6 abundant leaf debris, abundant 4
biogenic bubbles from Ponar
striking bottom sediments

Organic matter, decay - septic

odor
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Ponar Sample Soil Logs

FLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-F1-S

Date of Sample Collection: March 9, 2003

Time of Collection: 17:00

Bottom Depth: 17 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with some silt sized
material, dark olive green, Oraanic matter. d - seni
0-6 abundant leaf debris, abundant 6 ojor 1 Men, FEeay = Sepe
biogenic bubbles from Ponar
striking bottom sediments
Project Name: Anacostia Capping Project
Sample Number: CSO-F2-S
Date of Sample Collection: March 9, 2003
Time of Collection: 16:00
Bottom Depth: 16 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with some silt sized
material, dark olive green,
0-6 abundant leaf, stem, twig debris, 5 Organic matter, decay - septic
plastic bag, abundant biogenic odor
bubbles from Ponar striking
bottom sediments
Project Name: Anacostia Capping Project
Sample Number: CSO-F3-S
Date of Sample Collection: March 9, 2003
Time of Collection: 14:20
Bottom Depth: 14 feet
Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
Mud with some silt sized
0-6 material, dark olive green, 5 Organic matter, decay - septic
abundant leaf debris, pudding odor
like consistency
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Ponar Sample Soil Logs
FLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-F4-S

Date of Sample Collection: March 9, 2003

Time of Collection: 12:30

Bottom Depth: 16 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with silt and sand sized
0-6 material, dark olive green, 4
abundant leaf debris

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-F5-S

Date of Sample Collection: March 9, 2003

Time of Collection: 9:40

Bottom Depth: 14 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
abundant leaf, stem, twig debris,
0-6 plastic, abundant biogenic 5
bubbles from Ponar striking
bottom sediments

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-F6-S

Date of Sample Coallection: March 9, 2003

Time of Collection: 8:20

Bottom Depth: 14 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Mud with some silt sized

material, dark olive green, Organic matter, decay - septic

0-6 abundant leaf debris, high water 2 odor
content
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Ponar Sample Soil Logs
FLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-F7-S

Date of Sample Collection: March 9, 2003

Time of Collection: 17:00

Bottom Depth: 17 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)

Mud with some silt sized
material, dark olive green,
0-6 abundant leaf debris, abundant 5
biogenic bubbles from Ponar
striking bottom sediments

Organic matter, decay - septic
odor

Project Name: Anacostia Capping Project

Sample Number: CSO-F8-S

Date of Sample Collection: March 8, 2003

Time of Collection: 15:20

Bottom Depth: 14 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green, 3 Organic matter, decay - septic

0-6 abundant leaf debris odor

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-F9-S

Date of Sample Collection: March 8, 2003

Time of Collection: 12:40

Bottom Depth: 16 feet

Soil Interval Lithologic Description Recovery in
Sampled* Inches
(in Inches)

Comments

Silty sand, dark olive green,
abundant leaf debris, some
0-6 biogenic bubbles released from 25
sediment when Ponar struck
bottom

Organic matter, decay - septic
odor
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Ponar Sample Soil Logs

FLine

Project Name: Anacostia Capping Proj ect

Sample Number: CSO-F10-S

Date of Sample Collection: March 8, 2003

Time of Collection: 10:45

Bottom Depth: 18 feet

Soil Interval Lithologic Description Recovery in Comments
Sampled* Inches
(in Inches)
0-6 Silty sand, dark olive green, 3 Organic matter, decay - septic
abundant leaf debris odor
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Appendix C Copiesof Chain-of-Custody Records
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Appendix D Brief Analytical Method Discussion
Chlorinated Pesticides (SW846 8081A)

Water samples are extracted with methylene chloride and sediment samples are extracted with
1:1 methylene chloride:acetone. The extracts are concentrated and solvent exchanged to hexane.
Appropriate cleanups are performed on the extracts as necessary. The extracts are analyzed by
Gas Chromatography (GC) using Electron Capture Detectors (ECDs). Quantitation of the project
pesticides is perfomed using the external standard procedure.

PCB Araoclors (SW846 8082)

Water samples are extracted with methylene chloride and sediment samples are extracted with
1:1 methylene chloride:acetone. The extracts are concentrated and solvent exchanged to hexane.
Appropriate cleanups are performed on the extracts as necessary. The extracts are analyzed by
Gas Chromatography (GC) using Electron Capture Detectors (ECDs). Quantitation of the project
PCB Aroclorsis perfomed using the external standard procedure.

PCB Congeners (SW846 8082)

Sediment samples are extracted with 1:1 methylene chloride:acetone. The extracts are
concentrated and solvent exchanged to hexane. Appropriate cleanups are performed on the
extracts as necessary. The extracts are analyzed by Gas Chromatography (GC) using Electron
Capture Detectors (ECDs). Quantitation of the project PCB congenersis perfomed using the
external standard procedure.

PCB Congeners (EPA 1668A)

For agueous samples (samples containing less than one percent solids), stable isotopically
labeled analogs of the toxic PCBs plus additional labeled PCB's are spiked into a 1-L

sample, and the sample is extracted with methylene chloride using separatory funnel
techniques. After extraction, samples may be cleaned up using back-extraction with sulfuric acid
and florisil column chromatography. After cleanup, the extract is concentrated to either 100 uL
or 20 uL. Recovery standards are added to each extract, and an aliquot of the extract isinjected
into the gas chromatograph. The analytes are separated by the GC and detected by a high-
resolution (=10,000) mass spectrometer. Two exact m/z's are monitored for each analyte. An
individual PCB congener isidentified by comparing the GC retention time of an authentic
standard and the theoretical or acquired ion-abundance ratio of the two exact m/z' s with the
corresponding retention time of an authentic standard and the theoretical or acquired ion-
abundance ratio of the two exact m/z's. Quantitative analysisis performed using selected ion
current profile (SICP) areas, in one of two ways:

e For PCBswith labeled analogs, the GC/M S system is calibrated, and the concentration of
each compound is determined using the isotope dilution technique.

e For PCBswithout labeled compounds, the GC/MS system is calibrated and the
concentration of each compound is determined using the internal standard technique.
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Polynuclear Aromatic Hydrocarbons—PAHs (SW846 8270C/8270C SIM)

Water samples are extracted with methylene chloride and sediment samples are extracted with
1:1 methylene chloride:acetone. The extract is concentrated to avolume of 1.0 mL.

| dentification and quantitation of the project analytesis performed by GC/MS using the internal
standard procedure. Water samples are analyzed by GC/MS in the selected ion monitoring (SIM)
mode. The sediment samples were analyzed by full scan GC/MS.

M etals (SW846 6010B)

Water samples are acid digested per SW-846 Method 3010A and the sediment samples are
acid/peroxide digested per SW-846 Method 3050B. The digestates are analyzed for the project
elements by ICP-AES. The basis of the method is the measurement of atomic emission by an
optical spectroscopic technique. Samples are nebulized and the aerosol that is produced is
transported to the plasma torch where excitation occurs. Characteristic atomic-line emission
spectra are produced by aradio frequency inductively coupled plasma (ICP). The spectraare
dispersed by a grating spectrometer and the intensities of the emission lines are monitored by
photomultiplier tubes. The photocurrents from the photomultiplier tubes are processed and
controlled by a computer system. A background correction technique is required to compensate
for variable background contribution to the determination of trace elements. Background must
be measured adjacent to analyte lines during analysis.

Mercury (SW846 7470A/7471A)

A representative portion of the water or sediment sampleis digested in sulfuric and nitric acids.
Organic mercury compounds are oxidized with potassium permanganate and potassium
persulfate and the mercury reduced to its elemental state with stannous chloride and aerated from
solution in aclosed system. The mercury vapor passes through a cell positioned in the light path
of an atomic absorption spectrophotometer. Absorbance is measured as afunction of mercury
concentration. Concentration of the analyte in the sample is determined by comparison of the
sampl e absorbance to the calibration curve (absorbance vs. concentration).

AVS/SEM

The AVSinthe sampleisfirst converted to hydrogen sulfide (H2S) by acidification with
hydrochloric acid at room temperature. The H,S is then purged from the sample and trapped.
The amount of sulfide that is trapped is then determined titrimetrically following SW-846
Method 9034. The SEM is metals liberated from the sediment during the acidification. These are
determined following Method 6010B after filtration of the sample. A molar ratio of total
SEM/AV Sis reported to evaluate the potential bioavailability of the metals. If theratio is greater
than 1, the metals may be bioavailable. If the ratio isless than 1, the metal were probably not
bioavailable.
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Total Organic Carbon —TOC (Lloyd Kahn / EPA 415.1)

Lloyd Kahn (Sediments): A small aliquot of sampleistransferred to a tin capsule and treated
with phosphoric acid to separate the inorganic carbon from carbonates and bicarbonates. The
sampleisplaced in an oven and dried at 105°C. The sampleisthen transferred to an instrument
where the sampleis pyrolyzed in an inductive type furnace, where the carbon is converted to
carbon dioxide. The carbon dioxide is measured by a differential thermal conductivity detector.
EPA 415.1 (Water): Inorganic Carbon from carbonates and bicarbonates is removed by acid
treatment. Organic carbon is converted to carbon dioxide (CO2) using chemical oxidation. The
CO2 isthen measured by an infrared detector.

Total Petroleum Hydrocarbons—TPH (SW846 8015B or SW846 9071A/ EPA 1664A)

SW 8015B (DRO): This method provides gas chromatographic conditions for the detection of
various nonhal ogenated organic compounds. Samples are introduced to the GC and detection is
achieved by aflame ionization detector (FID).

SW 9071A/1664A: The sediment sample is extracted using hexane. The extract is dried with
sodium sulfate, filtered, and concentrated to dryness. The total milligrams of Hexane Extractable
Material (HEM or Oil and Grease) in the sample is determined gravimetrically. Theresidueis
then re-dissolved in hexane and silica gel treated by adding 3 gram of silicagel for every 100 mg
of HEM in the sample. The extract is again filtered and concentrated to dryness. The remaining
residue in the extract represents the Silica Gel Treated Hexane Extractable Material (SGT-HEM
or TPH). The concentration is determined gravimetrically.

Total Phosphorus (EPA 365.2)

Ammonium molybdate and antimony potassium tartrate react in an acid medium with
Phosphorus to form a blue-colored complex which is analyzed photometrically.

Total Kjedahl Nirtogen — TKN (EPA 351.3)

This method determines Total Kjeldahl Nitrogen which is the sum of free ammonia and organic
nitrogen compounds. The sampleis digested to convert nitrogen compounds into anmonia. The
digested sample is then neutralized to an alkaline state and distilled for ammonia. The distillate
isanalyzed by titration to a color-determined endpoint.

Total Suspended Solids— TSS (EPA 160.2) / Total Dissolved Solids— TDS (EPA 160.1)

TSS: A well-mixed sample isfiltered through a pre-weighed glass fiber filter. The residue on
thefilter isdried to constant weight at 103-105 degrees C. The increase in weight over that of
the pre-weighed filter represents the TSS content.
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TDS: A well-mixed sampleisfiltered through a glassfiber filter. Thefiltrate is quantitatively
transferred into a preweighed evaporating dish and is evaporated to dryness and then dried to
constant weight at 180 degrees C. The increase in weight over that of the empty dish represents
the total dissolved solids.

Grain Size (ASTM D422)

This test determines the particle size distribution in asoil. Particles greater than 75 um (Gravel
to fine Sands) are determined by sieving, and particles less than 75 um (Silts and Clays) are
determined by sedimentation using a hydrometer. This method can be modified for sieve only
data. Specific sieves can be substituted to meet project needs and hydrometer readings can be
timed to target a specific particle size. These dataare useful in soil classification, silt and clay
content for Atterberg Limits, porosity, permeability, etc.

Cation Exchange Capacity (SW846 9081)

The soil sample is mixed with an excess of sodium acetate solution, resulting in an exchange of
the added sodium cations for the matrix cations. Subsequently, the sample is washed with
isopropy! alcohol. An ammonium acetate solution is then added, which replaces the adsorbed
sodium with ammonium. The concentration of displaced sodium is then determined by atomic
adsorption, emission spectroscopy, or an equivalent means.

Bulk Density (ASTM D2937)

Thistest method determines the in-situ density of an undisturbed soil. The in-place dry density
of the soil” is expressed in pounds per cubic feet or kilograms per cubic meter and is aratio of
the dry mass of soil divided by its volume.

Specific Gravity (ASTM D854)

This test determines the specific gravity of soil by pyenometer for a given soil. A 100ml (or 500
ml) volumetric flask, which has been calibrated with 100 ml of RO water, isweighed with 25 to
30 grams of soils and RO Water filled to the volume mark. Specific gravity isaratio of the soil
mass to the water mass that the soil displaces. Thistest is used to compare the relationship of
soil, water and air in a given volume of soil. These data are used to calculate the hydrometer
datain ASTM D422 and determining porosity of a soil.
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Appendix E STL Laboratory Data Qualifiers

Attachment 1. Organic and Inorganic Qualifiers
Attachment 2. EPA 1668A Mod HRM S PCBs Congeners Qualifiers
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Attachment 1. Organic and Inorganic Qualifiers
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Attachment 2. EPA 1668A Mod HRM S PCBs Conggeners Qualifiers

J The reported result is an estimate. The amount reported is below the Estimated Minimum
Level (EML) — The lowest concentration at which an analyte can be measured reliably
with common laboratory interferences present assuming a sampleis extracted at the
recommended weight or volume and is carried through all normal extraction and analysis
procedures.

The EML wasintroduced in EPA Method 1668 Revision A. For the purposes of this
report the EML is qualitatively defined as described above, and quantitatively defined as
follows: Estimated Minimum Level: The concentration or mass of analyte in the sample
that corresponds to the historically determined reliable quantitation level. A calibration
point at or below the EML isrequired in theinitia calibration. It represents a
concentration (in the sample extract) which is at or above the lowest calibration standard,
after corrections for method-specified sample weights, volumes and cleanup procedures
has been employed.

Example: The lowest calibration point for PCB 77 is 0.2 ng/mL. However, the EML for
PCB 77 intheinitial calibrationis 2.5 ng/mL. A massof 0.25 ng of PCB 77 in the
sample would result in a concentration of 2.5 ng/mL in the sample extract (at afinal
volume of 0.1 mL). Since the concentration in the sample extract corresponds to the
concentration in the lowest calibration standard, the 0.25 ng massin the sample
componentsisthe EML. If the sample extract is further diluted, the EML will increase by
the dilution factor.

Example: A 1/10 dilution is performed on the sample extract described above. The EML
for PCB 77 becomes 2.5 ng rather than the default of 0.25 ng.

E The reported result is an estimate. The amount reported is above the UCL described
below.
The E qualifier is applied on the basis of the Upper Calibration Level (UCL). The
guantitative definition of the UCL islisted below:
Upper Calibration Level: The concentration or mass of analyte in the sample that
corresponds to the highest calibration level in theinitial calibration. It is equivaent to the
concentration of the highest calibration standard, assuming that all method-specified
sample weights, volumes, and cleanup procedures have been employed.
Example:
The maximum calibration level for PCB 77 in theinitial calibration is 2000 ng/mL. A
mass of 200 ng of PCB 77 in the sampling components would result in a concentration of
2000 ng/mL in the sample extract (at afinal volume of 0.1 mL). Since the concentration
in the sample extract corresponds to the concentration in the highest calibration standard,
the 200 ng mass in the sample componentsisthe UCL. If the sample extract is further
diluted, the ML will increase by the dilution factor.
Example:
A 1/10 dilution is performed on the sample extract described above. The UCL for PCB
77 becomes 2000 ng rather than the default of 200 ng. In this example all positive PCB
77 results above 2000 pg are flagged with an E.
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B The analyte is present in the associated method blank at a reportable level. For this
analysis, there is no method specified reporting level, other than the qualitative criterion
that peaks must exhibit a signal-to-noise ratio of 2.5-to-1. Therefore, the presence of any
amount of the analyte present in the blank will result aB qualifier on all associated
samples.

If the blank has analytes present above the EML (described above) the need for corrective
action beyond qualifying the associated datais evaluated. The determination is made
whether the amount in the blank isless than 5% of the lowest amount in associated client
samples or regulatory limit. If thisis the case, sample processing may continue with the
gualification of the data. 1f the amount in the blank is greater than 5% of the lowest
amount in associated client samples or regulatory limit, corrective action must be taken.
The corrective actions may include extracting a second aliquot of sample if available, or
notifying the client to assess the impact on the project objectives.

Note: Some laboratories do not report contamination in the blank unlessit is above their
lower calibration limit, or an established percentage of the level in the samples, or an
established percentage of the regulatory limit. Likewise, some |laboratories set a
reporting limit at one half the lower calibration limit.

Q Estimated maximum possible concentration. This qualifier is used when the result is
generated from chromatographic data that does not meet all the qualitative criteriafor a
positive identification given in the method. The criteriainclude the following areas:

e |on abundance ratios must be within specified limits (+/-15% of theoretical ion
abundance ratio.)

e Retention time criteria (relative to the method-specified isotope labeled retention time
standard).

e Co-maximization criterion. The two quantitation ion peaks must reach their maxima
within 2 seconds of each other.

S lon suppression evident. The trace indicating the signal from the lock mass of the
calibration compound shows a deflection at the retention time of the analyte. This may
indicate atemporary suppression of the instrument sensitivity, due to a matrix-borne
interference.

C Coeluting Isomer. Theisomer is known to coelute with another member of its
homologue group, or the peak shape is shouldered, indicating the likelihood of a
coeluting isomer. When the C flag is followed by a number, the number indicates the
lowest numbered congener among the coelution set. For example, if 100 pg/L is detected
at the retention time of PCB 26, and PCB 29 is known to coelute with PCB 26, the results
will be flagged as follows:

PCB 26 100 pg/L C
PCB 29 100 pg/L C26
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Appendix F Detailed Analytical Data

M etals Concentration in Core Sediment from 0 to 6 inch Segment

Antimony Arsenic Beryllium Cadmium Chromium
PARAMETER RESULT QUALIF[RESULT QUAL [RESULT QUALIFIER|RESULT QUALIFIER|RESULT QUALIFIER
IER IFIER
CSO-CORE1 0-6 0.57|BN 9|N 0.92 2.8 80.4|E
CSO-COREZ2 0-6 0.47|BN 7|N 0.93 2.7 96.6|E
CSO-CORE3 0-6 0.7|BN 9.3|N 1.2 3.6 109(E
CSO-CORE4 0-6 0.72|BN 8.1|N 0.95 2.9 101|E
CSO-CORE4D 0-6 1(BN 7.5|N 0.97 2.8 101|E
CSO-CORES5 0-6 0.52|BN 9.2|N 1.1 2.8 110|E
CSO-CORE®6 0-6 1.3|N 10.8|N 0.74 3.9 96.2|E
CSO-CORE?7 0-6 0.83|BN 7.5|N 0.59 2.3 97.8|E
CSO-CORES 0-6 0.66/BN 11.8|N 0.97 3.4 101|E
Copper Lead Mercury Nickel Selenium
PARAMETER RESULT QUALIF[RESULT QUAL [RESULT QUALIFIER|RESULT QUALIFIER|RESULT QUALIFIER
IER IFIER
CSO-COREL1 0-6 205|E 542|E 2 62.3|NE 1.7|N
CSO-CORE?2 0-6 194(E 430|E 1.8 42.7\NE 1.1|N
CSO-CORE3 0-6 223|E 552|E 1.8 56.3|NE 1.7|N
CSO-COREA4 0-6 216|E 500|E 2.1 48.9|NE 1.3|N
CSO-CORE4D 0-6 187|E 500(E 2 47.9INE 1.4|N
CSO-CORES5 0-6 177|E 523|E 1.6 43.9|NE 1.4|N
CSO-CORES6 0-6 183|E 724|E 4 37|NE 1.7|N
CSO-CORE7 0-6 174|E 599|E 1.2 36.5|NE 1.2|N
CSO-CORES 0-6 239|E 617|E 3.6 45.8|NE 1.7|N
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Metals Concentration in Core Sediment from 0 to 6 inch Segment (Continued)

Thallium Silver Zinc
PARAMETER RESULT| QUALIFIER |RESULT|QUALIFIER| RESULT |QUALIFIER
CSO-CORE1 0-6 0.66(BN 12.6|E 662|E
CSO-CORE2 0-6 0.98(N 22.4|E 484|E
CSO-CORE3 0-6 1.4|N 26.3|E 662|E
CSO-CORE4 0-6 0.88(BN 18.2|E 587|E
CSO-CORE4D 0-6 0.82(BN 17.9|E 587|E
CSO-CORE5 0-6 0.89(BN 20.7|E 559|E
CSO-CORE®b 0-6 0.64(BN 17.2|E 643|E
CSO-CORE7 0-6 1INU 16.7|E 587|E
CSO-CORES8 0-6 0.92(BN 29.1|E 585|E
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Metals Concentration in Core Sediment Below 6 inch Segments

Antimony Arsenic Beryllium Cadmium Chromium
PARAMETER RESULT |QUALIFIER| RESULT | QUALIFIE | RESULT |QUALIFIER|RESULT|QUALIFIER| RESULT | QUALIFIE
R R

CSO-CORE 4 12- 1.5|N 17.4|E 11 2.2|N 55.6|NE
20D

CSO-CORE 7 12-14 1.2|N 12.7|N 1.2 6.7|NE 61.9|E
CSO-COREL1 12-22 1INU 9.6|N 1.3 2.6|NE 128|E
CSO-CORE1 6-12 0.34|BN 7.2|N 1.2 2.5|NE 94.9|E
CSO-COREZ2 12-20 0.66|BN 10.7(N 1.2 3.8|NE 128|E
CSO-COREZ2 6-12 0.54|BN 9IN 1.4 2.9|NE 136|E
CSO-CORE3 12-14 0.61|BN 12.2|N 1.3 4.3|NE 151|E
CSO-CORE3 6-12 0.52|BN 9.3|N 14 3.3|NE 134|E
CSO-CORE4 12-20 0.65|BN 16.3|N 1 2.4|NE 53.4|E
CSO-CORE4 6-12 0.58|BN 10.7|N 1.3 3.4|NE 164|E
CSO-CORE4D 6-12 0.62|BN 10.4|N 1.3 3.3|NE 157|E
CSO-CORES5 12-18 0.73|BN 12.5|N 1.2 5.5|NE 74.2|E
CSO-CORES5 6-12 0.84|BN 11.7|N 1.2 3.8|NE 113|E
CSO-CORESG6 12-15 0.76(BN 12.4|N 1.1 10|NE 69.7|E
CSO-CORES6 6-12 1.6|N 13.3|N 1.1 6|NE 95.3|E
CSO-CORE?7 6-12 0.96|BN 9.7|N 0.9 4|NE 85.9|E
CSO-CORES8 12-17 1.1|N 13.7|N 1.1 6.1|NE 134|E
CSO-CORES8 6-12 0.97|BN 14.3|N 1.2 4.8|NE 118|E
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Metals Concentration in Core Sediment Below 6 inch Segments (Continued)

Copper Lead Mercury Nickel Selenium
PARAMETER RESULT |QUALIFIER|RESULT [QUALIFIER|RESULT |QUALIFIER| RESULT | QUALIFIER| RESULT | QUALIFIER
CSO-CORE 4 12-20D 177|E 1040 6.3 20.1|E 1.7|N
CSO-CORE 7 12-14 187|E 612|E 2.9 25.8|E 1.5(N
CSO-COREL1 12-22 130|E 389|E 1.6 35.3|E 1.9(N
CSO-CORE1 6-12 135|E 343|E 1.9 35.5|E 1.1(N
CSO-COREZ2 12-20 165|E 476|E 2.9 32.4|E 1.4(N
CSO-CORE?2 6-12 159(E 455|E 1.7 41.2|E 1.7|N
CSO-CORE3 12-14 182|E 617|E 3.2 32.3|E 1.7|N
CSO-CORE3 6-12 174|E 460|E 2.3 40.5|E 1.3(N
CSO-CORE4 12-20 165|E 1030|E 6.9 19.8|E 2.1|N
CSO-CORE4 6-12 176|E 628|E 3 42|E 1.7|N
CSO-CORE4D 6-12 180|E 631|E 3 42.9|E 1.7|N
CSO-CORES5 12-18 533|E 577|E 3.2 26.2|E 1.6(N
CSO-CORES5 6-12 192|E 626|E 3.5 30.7|E 1.9(N
CSO-CORES6 12-15 230|E 614|E 3.3 21.1|E 1.8(N
CSO-CORES6 6-12 222|E 904|E 4.4 27.1|E 1.9(N
CSO-CORE?7 6-12 181|E 878|E 2.7 27.9|E 1.2(N
CSO-CORES8 12-17 256|E 896|E 4.2 28.6|E 1.6(N
CSO-CORES 6-12 221|E 778|E 4.6 34.8|E 1.7|N
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Metals Concentration in Core Sediment Below 6 inch Segments (Continued)

Silver Thallium Zinc
PARAMETER RESULT| QUALIFIER |RESULT|QUALIFIER| RESULT QUALIFIER
CSO-CORE 4 12-20D 10.5|E 1IN 753|E
CSO-CORE 7 12-14 25.2|E 0.98|N U 744|E
CSO-CORE1 12-22 16.7|E 1IN U 429|E
CSO-CORE1 6-12 16.5|E 0.96|N U 419|E
CSO-CORE2 12-20 18.8|E 0.98|N U 584|E
CSO-CORE2 6-12 19.4|E 1INU 503|E
CSO-CORE3 12-14 21.5|E 1INU 639|E
CSO-CORE3 6-12 22.3|E 1.1{N U 537|E
CSO-CORE4 12-20 10.4|E 0.97|INU 774|E
CSO-CORE4 6-12 20.7|E 1.1|INU 606|(E
CSO-CORE4D 6-12 21.4|E 1.1{NU 596|E
CSO-CORE5 12-18 20.5|E 0.97[N U 811|(E
CSO-CORES5 6-12 22.3|E 1INU 615|E
CSO-CORES6 12-15 23.5|E 0.41(BN 801|(E
CSO-CORES®6 6-12 20.3|E 1.1{NU 945|E
CSO-CORE7 6-12 19.6|E 0.99|N U 547|E
CSO-CORES8 12-17 29.9|E 1INU 851|E
CSO-CORES8 6-12 36.2|E 0.46|BN 724|E
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Surficial Sediment M etals Concentr ations

Antimony Arsenic Beryllium Cadmium
PARAMETER |RESULT| QUALIFIER | RESULT |QUALIFIER|RESULT| QUALIFIER [RESULT| QUALIFIER
CS0O-A10S 0.61|BN 2.8 0.55 0.76
CS0O-A1-SR 1.9|N 8.7 1 1.4
CS0O-A2S 0.78|BN 8.2 1.3 1.4|N
CSO-A3-SR 1NU 1.6 0.31B 0.32|B
CS0O-A4S 0.45|BN 2.8|N 0.34|B 0.63|BNE
CSO-A5SR 1.1|BN 8 1.3 14
CS0O-ABS 1.5|N 7.3 1 2.5|N
CSO-A7-SR 2.6|N 9.2 0.91 3.2
CS0-A8S 1.3|N 5.5 0.92 2.1
CS0O-A9-SR 1.2|N 4.4 0.61 2.2
CS0-B10-SR 0.41|BN 5.1 1 0.52
CSO-B1S 0.59|BN 8.1 1.2 2.5|N
CS0-B2-SRGC 1.8|N 9.1 1.2 2.6
CS0-B3S 0.68|BN 7.9 1.3 2|N
CS0-B4-SR 2.7|N 8.9 11 25
CS0-B5S 1.2|BN 10.8|N 15 3.2|NE
CSO0-B6-SR 1.7|N 7.2 1.1 2.9
CSO-B7S 1.1|N 6.8 1 2.2|N
CS0O-B7SD 2|N 6.4 0.95 2
CS0-B8-SR 0.88|BN 4.8 0.81 15
CS0-B9S 0.57|BN 2.7 0.53 0.7|N
CSO0-C10S 1.3|N 3.7 0.49 0.98|N
CSO-C1SR 0.7|BN 9 11 3
CSO-C1SRD 0.62|BN 8.7 1.3 3.2|N
CSO0-C2S 0.77|BN 8.5 14 2.6|N
CSO-C3-SRG 0.64|BN 6.8 1 1.8
CS0-C4S 1.2|N 7.4 11 25
CS0O-C5SGC 1.1|BN 7.1 0.97 2.3
CS0O-C6S 1.5|N 8.2 1.3 2.6|N
CSO-C7-SRG 1.6|N 6 0.97 2
CS0-C8S 1.4|N 5.1 0.85 0.89|N
CSO0-C9-SR 1.8|N 3.4 0.38B 0.83
CSO0-D10-SR 0.73|BN 3 0.68 0.63
CSO0-D1S 0.98|BN 9.6 14 2.2|N
CS0-D2SR 0.86/BN 8.9 1.2 2.1
CS0-D3S 1.2|N 7.9 1.2 2
CS0-D4-SRG 2.8|N 9.3 11 2.1
CS0-D5S 1.3|BN 8.4 11 1.8
CS0-D6-SR 1.5|BN 8.7 14 2.9
CSO-D7S 2.3|N 6.3 1 15
CSO-D8-SR 1.2(BN 7.1