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1. EXECUTIVE SUMMARY

The St. Jones River has been contaminated from varistesibisources of industrial pollutants
from the watershed. Elevated concentrations of patyetdted biphenyls (PCBS) in fish
collected from the Saint Jones system first led tadteance of a fish consumption advisory in
1988. Although PCB production was banned in the 70’s and coatiensrin environmental
media are decreasing over the years, the rate of decieslow and recovery is expected to take
many more decades based on current model predictionsefditegrithe Delaware Department of
Natural Resources and Environmental Control (DNREC) iseatly working with the City of
Dover to evaluate alternatives for enhancing Mirror LiakBover, Kent County, Delaware.

Conventional approaches for remediation of contaminsgdanents include isolating
contaminated sediments (capping), or removing contaminateédesgd from the environment
(dredging) followed by disposal in an off-site hazardousevastdfill. However, both dredging
and conventional capping have severe limitations sudieaseted for large-scale material
handling, high cost, and disruption of existing ecosystAmecent development in sediment
remediation involves amending contaminated sedimenkssiribng sorbents like activated
carbon to reduce the bioavailability of toxic chemicd®ecent work in estuarine and river
systems has demonstrated that uptake of PCBs can bly gedated by the amendment of
activated carbon into sediments at a dose of 3-5% kbyhiveirhis proposal provides a
background of the new technology, and a scope of worgply éhe carbon amendment
technology in the Mirror Lake system that can achregriction of pollutant uptake in the food
web along with the planned ecological restoration effeing designed for the lake.

This proposal is focused on the submerged area shown in Bigoneered by Mirror Lake
(141,509 sq. ft, shown in blue) and the channel between LooakeBineet and the wooden weir
structure below Court Street (70,942 sq. ft. shown in purplée main objectives of the
proposed project include:

1) Reduction of the concentration of PCBs and mercufiglinso that consumption
advisories can be relaxed or lifted;

2) Reduction of bioavailability of PAHs, PCBs, and mercarMirror Lake sediments to
minimize ecotoxicological impacts on benthic and aquati@anisms; and

3) Restoration of the ecosystem with minimal ofédtansport of contaminated media

The overall approach will involve diversion of flow taadr Mirror Lake using a temporary
Porta-dam structure, re-grading sediments within Mirrdelta create a sinuous channel with
adjacent inter-tidal wetlands, integration of actidatarbon in the top layer of the sediments to
reduce residual contaminant bioavailability, removal of ibilea structures, and monitoring over
several years to evaluate remediation performance.ddke of activated carbon based on
previous experience is 0.7 Ib/sqft resulting in a totalwarhof 150,000 Ib activated carbon for
the treatment area. The cost to implement this projm$&b1,000. This includes: overall
project planning and management; rental of the Porta-damws&upturchase of activated
carbon; monitoring the environment both before and dfeeapplication of carbon in order to
evaluate the effectiveness of the remedy; and repgrapagon/data interpretation. This cost



does not include preparation of engineering plans and sg@hs, processing of permits,
purchase of wetland plants, and construction.

The primary criteria for the evaluation of remediatmerformance will be the reduction of PCB
levels in fish caught in Mirror Lake. The goal is &@luce PCB concentrations in fish to allow
lifting or easing of the current consumption advisori@dditional monitoring of upstream and
downstream PCB total loads (suspended and dissolved) wiibpran indication of the extent
of ongoing sources of PCBs to Mirror Lake and whetheddke is serving as a source of PCBs
or a trap of PCBs in the larger St. Jones River sygiee- and post-remediation.



2. INTRODUCTION

The Saint Jones River and Mirror Lake became contdednaith polychlorinated biphenyls
(PCBs) and a range of other toxic organics and metasesult of releases from land-based
sources within the watershed. The majority of theasdeoccurred prior to strong Federal and
State regulatory controls on PCBs beginning in thell@#s. Release from upland sources has
diminished since that time. This "peak and decline" isalad through the analysis of deep
sediment cores collected within the tidal waterdhef$aint Jones watershed (Sommerfield,
2005; Velinsky, et. al., 2007). Despite the improvements, B@H8s are still high enough in the
surface sediments and water column to cause elevalecbisamination. Elevated
concentrations of PCBs in fish collected from thenSaobnes system first led to the issuance of a
fish consumption advisory in 1988. Subsequent testing of wséiment, and biota indicates
that the PCB problem persists. Although having a fish adyis expected to reduce the
public's exposure to PCBs through voluntary avoidancshaafivisory does not, in itself,
eliminate the problem. PCBs continue to enter thet Saimes system, albeit at lower loading
rates than in the past. Further, PCBs already inyi$ters from past releases will continue to
exchange between the sediments and overlying water colBerause of the persistence of
PCBs in sediments, exposure to the aquatic organismsoatiinue for years even if all of the
remaining upland legacy sources could be eliminated. Thow swervention is necessary to
address the exposure from legacy pollutants in sedimedtshearten the time required for
improvement in the fish tissue levels through natutehaiation, with the goal of eliminating or
at least relaxing the existing fish advisory for PCBth& Saint Jones. The Delaware
Department of Natural Resources and Environmental ComMREC) is currently working

with the City of Dover to evaluate alternatives émhancing Mirror Lake in Dover, Kent
County, Delaware.

A necessary first step in the remediation effothesidentification, and to the extent feasible,
elimination of remaining release of legacy contamimatiom upland sources. However
existing contaminated sediments in the system willinoatto serve as a long-term source of
bioaccumulative pollutants to the aquatic food web. Dreggf contaminated sediment from
Mirror Lake and disposal at an off-site landfill ipassibility. However, dredging has a mixed
track record of success, at least at large federalfsungesites (NRC, 2007). Another alternative
is capping of the sediments with clean material taisahe contamination. This option can also
have its downsides including adding additional sedimentatembodies often already clogged
with excess sediment, and significantly impacting thisteg benthic community from burial
under a cap. A third alternative is monitored naturahatation to observe and wait for natural
recovery of the site. However, preliminary modeling ssgggethat one may have to wait for
several decades to see significant reduction in contatr@aeis in fish in Mirror Lake.

A recent development in sediment remediation invoaAreending contaminated sediments with
strong sorbents like activated carbon to reduce thevdiadility of toxic chemicals (Ghosh et

al. 2011). Recent work in estuarine and river systems masrdgrated that uptake of PCBs can
be greatly reduced by the amendment of activated canbosediments at a dose of 3-5% by
weight (Cho et al. 2010, Beckingham et al. 2011). This proposeides a background of the
new technology, and a scope of work to apply the carbonédment technology in the Mirror
Lake system that can achieve reduction of pollutant uptatkeeifood web along with the
planned ecological restoration effort being designedieiake.



3. BACKGROUND

Remediation of contaminated sediments. Aquatic sedsyierm the ultimate repositories of
past and ongoing discharges of hydrophobic organic compoundssfjH0¢h as PCBs, as well
as mercury. The cleanup process of contaminated sedsitesipose several unique challenges
(USEPA 2005) including: 1) large number of sources, soméhahnacan be ongoing and
difficult to control, 2) environment is usually dynaménd understanding the effect of natural
forces and man-made (anthropogenic) events on sedmement and stability as well as
contaminant transport can be difficult, 3) cleanup wor&n aquatic environment is frequently
costly and difficult from an engineering perspective,ahtamination is often diffuse and the
sites are often large and diverse, 5) many sedimest giintain ecologically valuable resources
or legislatively protected species or habitats.

In aquatic environments that are impacted by contaminatiheets, risk management
strategies focus on interrupting potential exposure pathiaayghich contaminants might pose
an ecological or human health risk over time. Caotie@al approaches achieve this goal by
isolating contaminated sediments (capping), or removintpaginated sediments from the
environment (dredging) (NRC, 1997). However, both dredging amgectional capping have
severe limitations such as the need for large-scalerimbbandling. In the case of dredging,
these materials can be contaminated and require effraisport. Dredging and capping are
costly and tend to be largely destructive of the ndiesgthic environment.

Dredging often has difficulty achieving risk reduction gdats, low sediment contaminant
concentrations) due to sediment suspension and redepalitiog dredging. Off-site
placement also tends to be problematic both becaukbe tHrge-scale sediment handling
requirements, and because the contaminated mediagly setocated, and contaminants are
neither destroyed nor permanently sequestered. Sedmagemtend to be several feet thick in
order to ensure cap stability and to minimize the potefatiatontaminant breakthrough over
time. Such thick caps can alter surface water hydrogealodsignificantly impact the benthic
environment. In some regions, capping may be challengeeshyctions on filling natural water
bodies. Other unresolved issues of sediment cappirtheteng-term efficiency of caps and
their ability to permanently sequester contaminantspt@aance requirements, enhanced
contaminant advection due to wave and tidal pumping, and ongatigt can burrow into the
caps and impair their efficacy. These challenges le/&ol new initiatives in developing in-situ
approaches of management of contaminated sediments.

In-situ remediation of sediments. Bioaccumulativetaminants in sediment can be taken up by
pelagic or benthic organisms through ingestion and dermat@imn, and subsequently passed
on to higher organisms and humans as illustrated in Figufeor both of these pathways, the
uptake exposure depends on the bioavailability of contamiimas&zliment (Luthy et al. 1997;
NRC 2003). Work in the last two decades has demonstratelabk carbonaceous particles in
sediments such as soot, coal, and charcoal very $troingl HOCs, and their presence in
sediments (both natural and anthropogenic) reduces exg&uwsh et al. 2000), often by one
order of magnitude or more compared to natural organic mattatural’ contaminant
sequestration in native carbonaceous particles can agygeehanced by the addition of clean,
manufactured carbonaceous materials into sedimentsasuatdtivated carbon (AC) as
illustrated in Figure 1 (Ghosh et al. 2011).
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Figurel. Conceptual model of how sorbent amendment of sediment reduces contanpiosunteex
pathways of benthic organism accumulation and flux from the sediment bed. @hbdkature article,
ES&T 2011).

Laboratory tests with contaminated sediment aged owadés in the field show proof-of-
concept through reductions in HOC bioavailability (Figure P@sts with a range of field
sediments showed that AC amendment in the rangeé$ Peduces equilibrium porewater
concentration of PCBs, PAHs, DDT, dioxins, and furarthérange of 70-99%, thus reducing
the driving force for the diffusive flux of HOCs into tirater column and transfer into
organisms. Most of the studies using benthic organisms ahieduction of biouptake of HOCs
in the range of 70-90% compared to untreated control sediffgnte 2). These studies have
been generally successful in demonstrating that contatrb@availability in sediments can be
altered by engineered amendments.
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from the field. These studies range 10
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al. 2011).
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Grasse River Activated Carbon Pilot Study
The field site for this study was the lower
Grasse River in NY which has been
impacted by historic releases of PCBs fron
an industrial facility and is currently under ¢
fish-consumption advisory. Total PCB
concentrations in sediments in the study ar
were measured in the range of 2.1 to 3.9
pa/g dry wt. In 2006, granular activated
carbon (particle size: 75-3@Q0n) was added
to sediments at a target dose of 3.75% by
dry weight as a slurry by three modes of
amendment: 1) mixed (using an enclosed 100
tilling device), 2)_layered (without mixing),
and 3)_injected (injection into surficial
sediments using two rows of hollow tines).
An upstream background area did not
receive any carbon amendment and serve(
as a control site. Monitoring of
effectiveness carried over four years at
several sites within each treatment area
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equilibrium, a surrogate for direct pore wate¢ in sediments in the field treatment plots on
measurements. Compared to baseline bioaccumulation in worms (top) and aqueous
bioaccumulation measurements at each sit equilibrium concentration (bottom) in each year
total PCB concentration in worms from show increasing effectiveness with dose.

sediment exposures in 2009 were reduced by

85-97% (field exposures) and 89-98% (laboratory exposuresgsveiiere the AC was mixed
with the sediment (Figure 2). Similar bioaccumulatieductions were observed at the layered
application sites (92-96%), and injection application g#€s96%). Aqueous equilibrium
concentrations were reduced by more than 90% compared to tacégites for all treatment
sites receiving AC at the target dose or higher. Redustiequilibrium aqueous PCBs
demonstrates the effectiveness of activated carbondamaatt to reduce pore water
concentrations, and subsequently the driving force fousiifé flux of PCBs from sediments to
the water column. Measures of success evaluated isttitig were PCB uptake pathways to
fish such as sediment porewater, PCB release intwdter column, and accumulation in benthic
organisms.

Amendment with AC will be most effective at sitbéat are depositional in nature, less prone to
sediment erosion, where native bioavailability ofteomnants is high, and ongoing contribution
from upstream and terrestrial sources have been codtréli@ amendment provides several
advantages over traditional remediation methods, imgduléss disruption to benthic habitats in
sensitive rivers and wetlands, amenability to shallowoostricted locations, and potential for
lower cost.



Potential impact of activated carbon on benthic orgasisithe effect of activated carbon
amendment on benthic organisms has been evaluatecerakiaboratory and field experiments.
Activated carbon itself is not toxic and does not r&easy toxic chemicals and is used widely
in drinking water treatments, aquarium filters, and agrdiglote to human poisoning. However,
addition to sediments may have some unintended ecoledfeats. While some studies in
closed laboratory systems observed low organism survivadila carbon doses, especially when
administered in the powered form (Jonker et al., 2009¢r atfudies of activated carbon
amendment in the granular form directly into sedimeriserved little impacts on benthic
organisms (Sun et al. 2007, Cornelissen et al., 2006). iMpsettantly, field studies have
demonstrated no impact on benthic community in activatdebonareated sediments (Cho et al.,
2009).

4. PROPOSED REMEDIATION AT MIRROR LAKE

4.1. Contaminants in Mirror Lake and their relationshifigloing advisories and ecological risk
to benthic aquatic life. The St. Jones River is plaguetbbyaminant issues from various
historic sources throughout the watershed. As a rdsiltconsumption advisories have been
issued for the entire Saint Jones River, including Mitake, for PCBs, dioxins, and mercury
(DNREC, 2011). PCBs are thought to be the primary risk dassociated with consumption of
fish from the River and Mirror Lake. Therefore, ajondocus of the proposed study will
involve assessing the tracking of PCB fate and biouptakermmMiake pre- and post-
remediation. The average total PCB concentratioharstirface sediments (0-2”) of Mirror Lake
measured in 2004 was 144 ng/g dry weight (ppb dw), while the aver#gge subsurface
sediments (>2”) was 478 ppb dw (Greene, 2011). Based on moftetagsts, Greene (2011)
predicts it will take 30 to 50 years for the concentrabf PCBs in Mirror Lake fish to drop to
the point where an advisory will no longer be neededeéd, one of the primary reasons that
DNREC is considering carbon sequestration is to reducteitie horizon.

In addition to the fish contamination problem, polyaramaydrocarbons (PAHS) are also at
levels in the sediments of Mirror Lake that represensk to aquatic life that reside in and on
the sediments (Cargill, 2010). The average total PAHemnation in the surface sediment of
Mirror Lake is 45,800 ppb dw and the average in the subsur@a®mants is 10,310 ppb dw
(Cargill, 2010).

This proposal is focused on the submerged area shown in Bigoneered by Mirror Lake
(141,509 sq. ft, shown in blue) and the downstream channellfoockerman Street down to the
wooden weir structure (70,942 sq. ft. shown in purple). Téea downstream of the wooden
weir structure (shown in green) is also known to bearmomated (Velinsky, et. al., 2007) but
that area is beyond the immediate scope of this prap&$dREC has reached out to the U.S.
Environmental Protection Agency (EPA) to explore possiblboration on a sediment
remediation project in that part of the Saint JonesiRas part of the Dover Gas Light
Superfund Site.



Water Features
. Upstream of Mirror Lake
B Airor Lake
B Wooden Weir fo Miror Lake
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Water Control Structure
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e Wooden Weir

Figure4. Proposed remediation area for carbon sequestratidhe area to be treated with activated
carbon includes Mirror Lake (shown in blue) and Bent Jones River between Loockerman Street and
the wooden weir structure downstream of Court $ffg®own in purple). The area in red is hard botito
is not expected to accumulate contaminants, arichailbe treated with carbon. The area in grees ha

elevated contaminants in sediments but is beyanddbpe of this proposal.
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4.2. Remediation objectives
The main objectives of this remediation effort include:

1) Reduction of the concentration of PCBs and mercufiglinso that consumption
advisories can be relaxed or lifted;

2) Reduction of bioavailability of PAHs, PCBs, and mercariMirror Lake sediments to
minimize ecotoxicological impacts on benthic and otleggraic organisms; and

3) Restoration of the ecosystem with minimal ofédtansport of contaminated media

The overall approach will involve diversion of flow taadr Mirror Lake using a temporary
Porta-dam structure, re-grading sediments within Mirrdelta create a sinuous channel with
adjacent inter-tidal wetlands, integration of actidatarbon in the top layer of the sediments to
reduce residual contaminant bioavailability, removal of ibilea structures, and monitoring over
several years to evaluate remediation performanceer&8dasks are involved in carrying out
this restoration effort and are detailed below.

4.3. Task 1: Obtain necessary permits for the restoration @ject.

The Mirror Lake restoration project will need severadl&ral and State permits. We have made
preliminary contact with the Philadelphia District Offiof the US Army Corps of Engineers to
discuss the project and have tentatively determined\idi@nwide Permit 27 (Aquatic Habitat
Restoration, Establishment and Enhancement) and Natier®ermit 38 (Cleanup of Hazardous
and Toxic Waste) may both be needed for this project.eS$imcMirror Lake is not considered a
Critical Resource Water, the two nationwide permits @loraequire the State to issue Water
Quality Certification or Coastal Zone Consistencyedainations. However, the project will
require a State Subaqueous Lands Permit (issued by DNRE@)$@&diment and Erosion
Control Permit (issued by the Kent County Conservdiigstrict).

To support the permit applications, detailed design plandwifirepared for the project. The
plans will include a site survey, pre- and post-constructiogs-sections, a longitudinal profile

of the channel, cut and fill quantities, construction segeieunit quantities of materials, location
of construction entrance, LOD, location of temporstryctures and equipment needed to
dewater Mirror Lake, types and locations of “hard” and t*sstoration structures, and types of
locations of wetland plantings. The design plans anchipapplications will be prepared by a
separate DNREC contractor with close oversight byRER personnel. The design costs are not
included in this proposal.

It is important to note that the Mirror Lake Projecinsnediately downstream from another
stream restoration project that is just getting underwihat project is located between the dam
at Silver Lake and Division Street and involves streank lsdéabilization and other
enhancements. The Mirror Lake project would extend thefite associated with restoration
further downstream in the Saint Jones watershed.
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4.4. Task 2: Detailed monitoring of contaminant levels in sediné, water, and biota.

Past work has evaluated levels of contaminants immeadj water and fish in the Mirror Lake
(DNREC 2011). However, much of the data are from mae seven years ago. So, there is a
gap in the understanding of the current levels of pollutarttee surficial sediments, water, and
fish. To evaluate performance of the remediatioar&fit is important to have a more current
and accurate understanding of the level of pollution. féll@ving measurements are proposed
in early fall of the year of application.

i) PCBs in fish and a representative worm (possibly an oligocha&egident fish
samples will be collected from Mirror Lake in the Ik&12012 or 2013 before initiation of
remedial activities. Largemouth bass, catfish, angpieaare present in Mirror Lake, have small
home ranges, are easy to catch, and are moderate tm lighaquatic foodchain. Depending on
availability, one of these species will be used to noortCB levels in adult fish. To account for
trophic transfer, we will also collect and analyze kpaey) fish and benthic organisms (as
described below). The common mummichamdulus heteroclitugs expected to be present in
sufficient numbers but we will consult with locadHieries experts on alternative prey species.
We propose to collect 3 composite samples of largeafish3 composite samples of prey fish
from Mirror Lake prior to remediation. In addition teetfish species, grab samples of sediment
will be collected from 10 locations within the lake aneled to collect native benthic
organisms, preferably an oligochaete. At least 1g quanftisporm tissue will be collected from
each location for PCB analysis in the laboratofynative worm abundance is not sufficient, the
sediment samples will be used for laboratory bioacdatioun studies as described in
Beckingham et al. (2010).

To account for possible contaminant transport into Mibrake, both an upstream control site
(upstream of Division Street) and a downstream conite(lselow the wooden weir near Court
Street) will also be monitored prior to remediatioWe propose to collect 1 large fish composite
sample and 1 small fish composite sample at both theeapstcontrol site and the downstream
control site. Our goal is to retain the same fislcigsefrom the two control stations and Mirror
Lake.

i) PCBs in surficial 4” of sedimentSediment samples will be collected using a petite
ponar from 10 locations evenly distributed in Mirror Lal&urficial sediment samples will be
collected before the application, and 1, and 2 yearstafteapplication. In addition, one set of
surficial sediment samples will be collected aftegrading the surface and immediately before
AC amendment to evaluate changes in PCB levels imsed from the pre-application
condition. These sediment samples will be analyae&CBs.

iii) PCBs in surface water and sediment porewatBCBs in surface water and sediment
porewater will be measured in the field using in-situ passaveplers. The passive samplers in
sediment and water column will be located at the dites where worms will be collected. In
addition, two passive samplers will be positioned inupstream and downstream channels to
monitor the concentration of dissolved PCBs enterimjleaving the lake. The method of
passive sampling is described in the appendix.
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iv) PAHs in sediment porewatePAH concentration in surficial sediments of Mirro
Lake are elevated. The primary concern from PAHReasé¢ sediments is toxicity to benthic
invertebrates. Recent work by Hawthorne et al. (20063ea®nstrated that PAH toxicity to
benthic invertebrates can be directly related to sedip@newater concentrations. In-situ
porewater PAH concentrations will be measured usindaipassive samplers used for
porewater PCB measurement.

v) Total PCBs in water column entering and leaving Mirror Lakeading of PCBs to
the Lake from upstream and export of PCBs downstreanbgithonitored before and after the
remediation to better understand recovery with tifileese measurements will be performed
using traditional large volume water sampling, filtratafrsuspended solids on a filter paper,
and capture of dissolved PCBs in an adsorbent resimsrdpscribed in the appendix. Duplicate
samples will be collected once in the summer and onfadl. Stream velocity will also be
measured during the water sampling events to keep traclangeh in suspended solids load as
a function of river flow.

4.5. Task 2: Draining of Mirror Lake, re-grading to shape and deepen river channel and
create tidal wetlands

Mirror Lake is subject to base flow and stormwater floom the upper part of the Saint Jones
watershed and tidal flows from the lower part of theéenghed. How to manage those flows and
dewater Mirror Lake are important considerations. Wtoetewater Mirror Lake is also an
important consideration. As planned, the dewaterindkvgoto be carried out in November of
2012 or 2013, after permits and funding have been secured andasdine sampling has been
completed. November is the best time to perform thkwecause: i) it avoids the peak of the
Atlantic hurricane season (Greene, 2012); normal bageirflthe Saint Jones watershed is still
relatively low (see Figure 5); iii) it avoids spawning swof fish; (iv) local recreational fishing
activity is tapering off by then; and v) new wetland plagg will experience less heat stress at
that time of year.

Mean Monthly Flow at St Jones Stream Gage

100 -

H =] o]
o o o
1 I 1

Flowrate, (cfs)

N
o
1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure5. Mean monthly flow of St. Jones River.
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To minimize the amount of base flow and potentiaira water entering Mirror Lake, the water
level in Silver Lake, upstream of Mirror Lake, wileé drawn down prior to the start of the Mirror
Lake project. This will be done by opening a gata control structure located immediately
upstream of the Silver Lake dam. Opening the gdltallow large volumes of water to be
released from discharge pipes located at the Habe dam, thereby lowering the water level in
Silver Lake. After the water in Silver Lake is diadown several feet, the gate in the control
structure will be closed and work will begin in dir Lake shortly thereafter. The drawdown
will provide a buffer against large surges of stdlow being delivered downstream to the
Mirror lake project area during construction.

To prevent tidal water from flowing upstream intaridr Lake during construction, a temporary
Porta-dam structure will be placed in Mirror Lalaralel to the Park Drive side of the Lake,
approximately 50 feet off shore (Figure 6). Thifl ieave a temporary channel on the Park
Drive side of Mirror Lake to allow for water to mewpstream in response to tidal forcing and
downstream in response to base flow and storm flo@sce the Porta-dam is in place, water in
the main part of Mirror Lake will be drawn down ngilarge capacity pumps and sumps. This
dewatering operation is expected to take a few daged on preliminary pumping calculations.
Although we had considered dewatering the Sainedé&tiver downstream of Mirror Lake
between Loockerman Street and Court Street uskgri@-dam, close examination of the
physical constraints in that reach lead us to atvamlde idea. We will still be able to incorporate
activated carbon into the sediments in that relatthe carbon will need to be broadcast on top
of standing water (to be described in Section 4$8kT3).

Figure6. Proposed placement of Porta-dam structure ttateca major portion of Mirror Lake for
restoration.
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Figure 7. Bathymetry map of Mirror Lake
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Once Mirror Lake is dewatered, surface sediments wikhiror Lake will be re-graded on

either side of the original main channel (shown in lnuEigure 7) to create intertidal wetland
zones with native plantings. Before the plantingsngmowever, the new intertidal areas and the
channel will be treated with activated carbon. If i3seey, the new intertidal areas will also be
covered with appropriate fill. This will provide the substraéeded for the plantings and
prevent erosion of contaminants sequestered in the eptsirbelow.

This effort will restore Mirror Lake to a tidal river thia fringing intertidal wetland system.

This will complement a larger effort in the Saint JoRaver system to restore and enhance
aguatic habitat, reduce pollutant outflows, meet TMDL irespents, and beautify the landscape.
Although not an intrinsic part of this proposal for intgemediation of pollutants, work
proposed in this document will need to be coordinated withldhger ecosystem restoration
effort described in Tasks 2.

4.6. Task 3: Addition and blending of activated carbon on the @4” of recreated wetland
bed and river channel

After sediment re-grading and filling are completed toeahithe desired profile, activated
carbon will be incorporated into the top 4” of sedimenhe total area to be treated with
activated carbon is 212,451 sq ft, which includes Mirror L{@Kd,509 sq ft) and the
downstream channel between Loockerman Street and thdewoeeir structure (70,942 sq ft).

i) Dose of activated carbon to be added. Based on prexxpasience with AC
application in sediment sites, a recommended dosdigéter carbon is 5% of sediment dry
mass in the top 4” of sediment layer. Making an agsiom of dry bulk density of sediment of
0.5kg/L, the areal dose is 3.1kg/square meter or 0.7 Ib/squdre foo

i) Type and method of activated carbon amendmentasti A range of activated
carbon types are available for direct applicationavbon to sediments. These activated carbons
include low cost regenerated carbons and specialized vagioes that can be expensive. For
the proposed remediation we suggest the following typearbon application:

a) Application of AC directly into sediment after dewaterirk@r areas in Mirror Lake
that can be dewatered and accessed by heavy equipmengfadiiay (71,000 sq. ft.), the most
economical method of application will involve directqaanent of the activated carbon and
tilling into the top 4” of surface sediment. The @ated carbon can be either made into a water
slurry and spread on the sediment surface to achievartpet dosing rate (0.71b/sq. ft.) or
applied in the dry form. Application in a slurry formaynbe better than dry application to
minimize carbon dust generation during application. Toeae a uniform distribution, the
treatment area will be divided into segments and auledid quantity of activated carbon
distributed evenly onto each segment.

For this application the most suitable and low cosvat#d carbon will be regenerated AC made
from carbon previously used for drinking water treatmdittis type of AC is available from
Siemens at a cost of approximately $1/Ib plus shippingvek@ost alternatives are biochars that
are not activated. However, the effectiveness in ségpirgs pollutants is also low in biochars.
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Because the placement will be performed after dewatetive required dose of carbon in this
area will be placed all in one time. The total amairsctivated carbon required will be 50,000
Ib. The anticipated cost of regenerated activated casfitbrshipping is $55,000.

b) Application of AC in pelletized form (SediMite™) in areas thatwat be or cannot
be dewatered safelyAnother potential application method, especiallyrgaa that do not
dewater well, remain soft, and are difficult to opetsavy equipment in, is the use of the
commercial product SediMit¥. These areas will include approximately half of Mirtake
where the sediments are known to be soft and fine-gtafié&,000 sqg. ft.) and the downstream
area between Loockerman St. and Court St. (71,000 sdnfthis application, activated carbon
is blended with clay and sand and made into pellets thatedroadcasted on the water surface
from a distance. The SediMit¢ pellets fall through the water column and deposit en th
sediment surface and slowly releases the carbortiowemwhich is integrated into the surficial
sediment through natural bioturbation activity (See app@gndecause application of
SediMite™ does not require dewatering, it is proposed that the eshdose be added in two
instances over two years. Splitting the applicatiohallbw a more even spatial distribution of
the carbon, and allow us to evaluate the effect ofitsieapplication before augmenting with
another dose. Also, splitting the applications hejpead the cost over two years. The total
amount of SediMité" required for the first application (immediately aftergrading) is 100,000
Ib. The anticipated cost for this amount of SediNt&@de of virgin activated carbon is
$200,000. A determination will be made one year after applichtsed on results of carbon
analysis of surficial sediments and sediment poreviBd8 concentrations if a second dosing of
SediMite™ is required for the treated areas.

4.7. Task 4: Removal of diversion structures and evaluation of agtited carbon levels in
sediments

After amendment of the sediment surface with acttvatarbon, the lake will be slowly allowed
to fill in with water by opening the control structure dv&i Lake and removing the Porta-dam
structure in Mirror Lake. This will have to be managed way to minimize any large-scale
movement of unconsolidated sediment produced after rergradd mixing. A key component
of success of this remediation effort will involve plogdistability of the sediments and amended
carbon in the surface layer. Disruption of the surfeeated layer will expose contaminated
sediments lying underneath. It is expected that sedimewement driven by water flow will be
minimal.

After 1 week of resuming flow in the system and allowing $ediments to reach a new stable
state, sediment cores will be taken at 5 distributeditmtawithin the lake and 2 points along
the channel in the upstream and downstream sectiorese Bediment cores will be sectioned to
measure activated carbon in 0-2”, 2-4”, and 4-10” sectidiese measurements will provide us
with a starting point for activated carbon distributwithin the treated sediments which will be
tracked over the subsequent years of sampling to evaluat¥@sign or deposition of new
sediments in the treated area.

4.8. Task 5: Post remediation performance monitoring

Success of the remediation will be monitored throughilget assessment of contaminant levels
in water, sediment porewater, native benthic orgasiismd resident fish in the lake. A major
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focus will be on understanding fate/transport and bioaatation of PCBs. Monitoring will be
performed 1-year and 3-years after remediation and vltMathe measurements performed in
Task 2 for baseline assessment as illustrated in Table 1.

Table 1. Pre- and post- carbon application monitoring.

Monitoring task Pre- After 1-year 2-year after
application re-grading after application
baseline | before carbon | application
amendment

1. PCBs in fis (predator and pr)

2. PCBs in wormr

3. PCBs in top 4” of sedime

4. PCBs in surface water by pass
sampling

5. PCBs in sediment porewater
passive sampling

6. PAHSs in sediment porewater
passive sampling

x| X| X| X|X|X]|X

7. Activated carbon in sediment c¢
samples

X| X| X| X| X[X|X|X
X| X| X| X| X[X|X|X

8. PCBs in water column enterii
and leaving lake

Selected split samples of sediment and fish tissudw/gent to a commercial laboratory for
analysis and confirmation of results from UMBC laliorg. PCB congener analysis will be
performed at the commercial laboratory using method 1668 (HIRBMS) on a subset of the
pre-application and post-application samples. Roughlyh3 3ibulk sediment, 3 pore water, and
3 water column samples will be analyzed pre-applicaimhthe same post-application in the
commercial laboratory. Additionally, selected fsdmples before and after remediation will be
sent to a commercial analytical laboratory for theasurement of Hg and MeHg in fish tissue.

4.9. Task 6. Data interpretation and evaluation of remediation pedrmance.

The primary criteria for the evaluation of remediatperformance will be the reduction of PCB
levels in fish caught in Mirror Lake. Comparisonslwé made of PCB levels in fish tissue
before remediation and after 1 and 3 years after ramedi The goal is to see reduction of
PCB concentrations in fish to levels that would allgting or easing of the current consumption
advisories. Several secondary criteria will be essb#0 evaluate remedy effectiveness in
reducing sediment porewater concentrations of PCB®ahts, and surface water
concentrations of PCBs. Reduction of porewater cormgons of PCBs and PAHs after
remediation will indicate successful containment efpbllutants in sediments and reduction of
bioavailability of these chemicals to the aquatic fobdic. Additional monitoring of upstream
and downstream PCB total loads (suspended and dissolvégdjavide an indication of the
extent of ongoing sources of PCBs to Mirror Lake andthdrethe lake is serving as a source of
PCBs or a trap of PCBs in the larger St. Jones Riygtem pre- and post-remediation.
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5. ANTICIPATED COST OF REMEDIATION WITH ACTIVATED CAR BON
AMENDMENT AND MONITORING

The primary cost categories for this remediationréfoe material cost of activated carbon and
SediMite™, cost of application in the field, and monitoring coBhere is some uncertainty in
the cost of the application of activated carbon, batesestimates are provided based on
calculations done previously for another applicatione &pplication cost will need to be
finalized by consultation with the chosen contractdree performance monitoring is proposed
to be done at UMBC with selected split samples seBPA certified commercial laboratories.
It is also anticipated that in-kind manpower support vélpipbovided by DNREC for the field
application and also for field sampling efforts.

The costs in this table do not include the preparationtafldd plans and specifications for the
overall restoration project, nor incremental costoemted with re-grading, filling, installation
of structural and non-structural BMPs, and plantings.

Table 2. Cost itemization for Mirror Lake in-situ remediation project

Porta-dam installation and pumping $80,000
Thin layer backfill of AC only, no excavation, with tiller mixing $76,000

Activated carbon cost $55,000

Broadcast carbon using tractor spreader 10,000

Soil tilling twice using D3 doser with tiller attachment ( 2x 20 hr @ $200/hr) 5,000

Forklift to move bulk bags of activated carbon 3,000

Decontamination 1000

Spare doser with tiller and tractor 2000

SediMite (100,000 Ib) $200,000

SediMite application cost using a salt spreader on a boat $10,000
Professional labor management ( @ 33% of application costs) $10,000
UMBC (Planning, data interpretation, initial, year 1 and year 3 monitoring) $150,000
Commercial lab (selected Initial and long-term monitoring of split samples) $25,000
TOTAL $551,000
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7. APPENDIX

7.1. Passive samplers. Passive samplers are used as die&icaccumulate chemicals of interest
from the air or water phase by chemical diffusion hie sampler matrix. Used correctly, such
samplers can yield measurements of very low condensaof hydrophobic organic chemicals
that can be extremely difficult to measure direcolyoxymethylene-solid phase extraction
(POM-SPE) method has been used to measure low aqueoesications of PAHs and PCBs in
sorption isotherm studies with strong sorbents (Jenkeal. 2001). Recent work by Cornelissen
et al. (2007) developed calibrations for thin POM strips dlehieves equilibrium more readily
than some of the other SPE devices, and used the appooaelasure in-situ porewater and
overlying water concentrations of PAHs in Oslo Harbediments. Work at UMBC has
extended the calibration of the POM samplers forgelarange of PCB congeners (Sun and
Ghosh 2008; Hale et al., 2009). The advantages of using paasiders for water quality
analysis include: 1) low cost of deployment and analysispared to direct water sampling, 2)
higher rate of recovery of deployed samplers comparéde organisms, 3) cleaner matrix for
PCB analysis compared to water, sediment, or tissuplean) at least an order of magnitude
improved detection limits compared to typical large voluma¢er sampling, 5) an integrated
measurement of water phase concentration over thedpaefrdeployment. Disadvantages
include the need for accurate calibration of the passiwplsa in the laboratory. Recent
deployments of the passive samplers in the field asserRiver, NY gave values of ambient
PCB levels in the water column that were close topeddently measured water column PCB
concentration measurements (unpublished data). As iledtbelow in Figure 4, we find using
passive samplers deployed in the field at Grasse Riaégtadients of freely dissolved PCB
concentrations in the field (deeper sediments, sedimatdr interface, and overlying water) can
be measured directly. A revealing interpretation of sueasurements is that for untreated
sediments (right side of Figure Al), the driving forceR@B mass transport is from sediment to
the surface water, whereas for the small plot tokadith activated carbon, the porewater
concentrations are depressed due to strong sorption adudt&on of PCB flux is reversed
where the treated sediments are no longer a sourocatanination of the water column.
Validation and use of such measurements at the sedimaat-interface can provide valuable
interpretation on the long-term recovery potentiataitaminated sediment sites, especially after
in-situ treatment with sorbents.

; ; : -B-Untreated Figure A1l. PCB porewater an
z z - _ mcire surface water concentrations
ke Surtace Yater measured using passive samplers for
KE Grasse River with and without
. 1 Wi amendment of activated carbon to
POM 0 ; &_\ Interface . . .
sediments in the field as part of a
pilot-scale demonstration project.
POM in Pore water Porewater PCB concentration in
Ag Equilibrium . .
Batchtest | ; a2 : : : treateo_l sediment is depres_sed
..... "" reverSIng the ﬂuxfrom Sedlmentl
: 0 20 40 .60 - 80 £ 100 120
: :Total freely-dissolved:aqueous PCBs (ng/L) :
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7.2. Water sampling for measuring dissolved and suspended asdnisiated PCBs

The sample collection involves pumping 40-50L of water thraughe-combusted glass fiber
filter in a stainless steel filter holder to trap susjes particles followed by passing the filtered
water through a XAD-2 resin trap in a glass columne ifethod is similar to the surface water
sampling method used in the EPA Lake Michigan Mass Balahagy
(http://www.epa.gov/glnpo/Immb/methods/field96.pdf ). Sanmalifications will be made to

the method to suit the unique field conditions of the sexgplDue to the shallow water over the
sampling area, a peristaltic pump will be used to delivemisiter to the in-line filter holders and
XAD traps. Teflon tubings will be used to collect watamples and will be pre-equilibrated
with field water by passing about 5 liters of water befihe start of PCB sampling. The inlet of
the Teflon sampling tube will be tied to a wooden stakepasitioned at 0.5 ft above the
sediment surface and will remained submerged under wategdanmpling. The water sample
will be passed through a pre-combusted glass fiber filigempaith a nominal pore size of 0.7
microns, and through a pre-cleaned XAD-2 resin adsorbé&nnoo The filter and resin media
will be prepared for sampling following the method used enBERA Lake Michigan Mass
Balance Study (http://www.epa.gov/ginpo/Immb/methodshe Glean filters will be wrapped in
clean aluminum foil and stored in polyethylene bags usgd. After sampling, the filter papers
will be folded into quarters and stored in clean 8 oz. \ndeath glass bottles with Teflon-lined
caps. The ends of the XAD columns will be closed usirftpidined nylon end-caps during
transport before and after sampling. The filter papensaining suspended particulates and the
XAD-2 resin columns containing trapped dissolved PCBs witopped in a cooler to the
UMBC Chemical, Biochemical, and Environmental Engineetiagoratory for extraction and
PCB analysis.

All filters and resin columns will have adhesive |abatitached which identified the batch
number, sampling site, sample number, date, and timengdlsng. Processed samples will be
kept chilled in an ice chest until refrigerated in tH®latory. PCB extraction, cleanup, and
analysis followed EPA standard methods described below.

7.3. Sample processing and storage at UMBC.

The composite fish samples received from DDNR wilstmeed in a -26C freezer in a room
dedicated for the fish sample storage and processingsarheles will be analyzed for PCBs
within a period of 6 months of receiving. The fish sasaill be thawed in a refrigerator at
4°C and homogenized in the laboratory in a clean blendeeli@sr 16 speed blender). The
homogenized tissue will be divided into 10g portions and dtor oz glass jars with Teflon
lined caps and frozen at -20 until analysis. The blender will be cleaned withpsaater,
isopropanol rinse, and DI water rinse between samples.

Equipment used in processing samples for organics anahmidd be of stainless steel,
anodized aluminum, borosilicate glass, polytetrafludrgene (PTFE), ceramic, or quartz.
Polypropylene and polyethylene (plastic) surfaces, implénegioves, and containers are a
potential source of contamination by organics and shoulbenased. If a laboratory chooses to
use these materials, there should be clear documentiadibtiney are not a source of
contamination. Filleting should be done on glass or Pdiking boards that are cleaned
properly between fish or on cutting boards covered hgtdvy duty aluminum foil that is
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changed after each filleting. Tissue should be removtdalean, high quality, corrosion-
resistant stainless steel or quartz instruments orkmitres with titanium blades and PTFE
handles. Fillets or tissue homogenates may be stotsatasilicate glass, quartz, or PTFE
containers with PTFE-lined lids or in heavy duty aluminwih Prior to preparing each
composite sample, utensils and containers should deediagith detergent solution, rinsed with
tap water, soaked in pesticide-grade isopropanol or acetndeinsed with organic-free,
distilled, deionized water. Work surfaces should be clkanith pesticide-grade isopropanol or
acetone, washed with distilled water, and allowed to dmgpdetely. Knives, fish scalers,
measurement boards, etc., should be cleaned with pesgicade isopropanol or acetone
followed by a rinse with contaminant-free distilledterabetween each fish sample.

Composite homogenates should be prepared from equal wefghtBvidual homogenates. The
same type of individual homogenate (i.e., either sifitlg¢ or combined fillet) should always be
used in a given composite sample. If individual homogenhaave been frozen, they should be
thawed partially and rehomogenized prior to weighing and comnppsAny associated liquid
should be kept as a part of the sample. The weighdatf mdividual homogenate used in the
composite homogenate should be recorded, to the ngaa@st on the sample processing record
(Figure 5-10.) Each composite homogenate should be blendedcatbee for individual
homogenates. The composite homogenate may be proaessediately for analysis or frozen
and stored at -20C. The remainder of each individual homogenate shouéddieved at -20C
with the designation "Archive" and the expiration datorded on the sample label. The
location of the archived samples should be indicateth@sdample processing record under
“Notes”. It is essential that the weights of indivadiilnomogenates yield a composite homogenate
of adequate size to perform all necessary analysedofdieomposite weight required for
intensive studies may be less than that for screeninliestif the number of target analytes is
reduced significantly. The recommended sample size of 200sgifeening studies is intended
to provide sufficient sample material to (1) analyzealbrecommended target analytes at
appropriate detection limits; (2) meet minimum QC reguents for the analyses of laboratory
duplicate, matrix spike, and matrix spike duplicate sas@lad (3) allow for reanalysis if the
QC control limits are not met or if the sample istldHowever, sample size requirements may
vary among laboratories and the analytical methods &sexh program manager must consult
with the analytical laboratory supervisor to determireeabtual weights of composite
homogenates required to analyze for all selected targdytes at appropriate detection limits.

7.4. PCB extraction and cleanup in the laboratory.

Ten grams of homogenized fish sample will be used foaetibn. The tissue sample will be
thawed and dried using 50 g anhydrous sodium sulfate. The mixlubewansferred to a 150
ml glass beaker and surrogate PCB #14, 65, and 166 will be addedhd Soxhlet extracted for
24 hours using 1:1 hexane: acetone. The extract will heetdrated to approximately 5 ml
using a Buchi Rotavapor R-200 and a nitrogen evaporator, faltwsolvent exchange to
hexane. Concentrated sulfuric acid will be used for retr@Mégids. 5 ml of concentrated
sulfuric acid will be added to the sample and vortexed fmin and then allowed to stand for at
least 1 min for phase separation. If the hexane layeains colored another treatment with 5 ml
of concentrated sulfuric acid will be performed. Two addail volumes of 2 ml of hexane each
will be added to the vial and vortexed to ensure quantitatwesfer of the PCBs. The pooled
volume of hexane will be reduced to 1ml under a gentast of nitrogen and then treated with
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activated copper (EPA SW846 Method 3660B) for removal of sufunther clean-up of the
sample will be done using deactivated Florisil.

Florisil (60-100 mesh size) will be activated by baking%@°C in a shallow borosilicate
container for at least 4 hours and then deactivateddynag 2.5% by mass deionized water and
placed on a roller overnight. A 1cm diameter chromatagyaolumn will be plugged with glass
wool and 8g of deactivated Florisil will be poured on tope Horisil layer will be capped with
a 1 inch layer of anhydrous sodium sulfate. After quant@daransfer of the sample to the
column, the PCB fraction will be eluted with 30 ml @xane. The volume of hexane will be
concentrated to approximately 1 ml for analysis.

7.5. Fish PCB analysis.

PCB congener specific analysis is performed using a reddfPA Method 8082. An Agilent
gas chromatograph (model 6890) with a fused silica captaiymn (HP-5, 60 m x 0.25 mm
inner diameter) and an electron capture detector is oseohlysis. PCB standards for
calibration are obtained from the EPA's National Heafid Environmental Effects Research
Laboratory in Grosse lle, Michigan and also from &Bcientific. A 4-level PCB calibration
table is prepared using a known PCB mixture containingu2®l0 of Aroclor 1232, 18@g/L of
Aroclor 1248 and 18Qg/L of Aroclor 1262 yielding a total PCB concentratior6@d ug/L.
Concentrations of individual PCB congeners in the méane obtained from Mullin (1994).
Two internal standards are used: PCB 30 (2,4,6-trichlorobiphangllPCB 204
(2,2',3,4,4',5,6,6’-octachloro biphenyl), which are not presesommercial Aroclor mixtures.
Using this protocol, 92 PCB congeners or congener groups adartidied and quantified.
With this analytical method, there are some coeluting B€aks in the analysis. Where this
occurs, coeluting peaks are calibrated as sum of cong®wedesls of the PCB extraction,
cleanup, analysis, calibration, and QAQC plan are pravaker in this document.

Analytical QA/QC
(See attached UMBC PCB analysis QA/QC document)
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7.6. Application of activated carbon in the formSeHdiMite.

Laboratory and pilot-scale work has
been completed to develop an ey
agglomerateSediMité™) that serves as

a low-impact delivery system for in-
situ treatment materials (Figure A2).
See:www.sedimite.com

The approach relies upon incorporatio
of the small particle amendments into
larger, denser, and more manageable
particle as a carrier for the fine
materials. The agglomerated material
can be transported on barges in bulk
and delivered directly to the water
surface. The agglomerate particles ar
designed to sink readily, without loss t
the water column, and spread over the

contaminated sediment surface or as _. CLIM - . .
part of a thin cap layer. Once spread, Figure A2. SediMité" is worked into the sediment

the aggregate particles fall apart and by the benthic organisms present in the system, and
deliver the finer active material breaks down over time, releasing treatment

typically activated carbon. Because tt..materials

agglomerate is easily handled and controlled,ntalao be mixed as slurry with a sand/sediment
capping material.SediMitehas been developed under an EPA SBIR and DoD SERR&® and

is being transitioned to the field at PCB, DDT, anercury contaminated sites with support
from NIH and DoD ESTCP programs (Figure A3). Tlheduct is now commercially available
through a university startup company named Sedif@ehitions.
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Figure A3. Application of SediMite™ in a contamiadttidal wetland using an air blown
applicator minimizes adverse impacts to existingetation and benthic organisms while
reducing contaminant uptake in the food chain.
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