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List of Acronyms 

AC activated carbon 
AECOM AECOM Technology Services, Inc. 
ARSP Anacostia River Sediment Study 
BAZ Bioactive Zone  
BERA Baseline Ecological Risk Assessment 
BHHRA Baseline Human Health Risk Assessment 
BMP Best Management Practice 
Bss below sediment surface 
cm centimeters 
COPC Constituents of Potential Concern 
CTE Central Tendency Exposure 
District District of Columbia  
DOEE District Department of Energy and Environment 
EMNR Enhanced Monitored Natural Recovery 
ft feet 
FS Feasibility Study 
GAC granulated activated carbon 
GPS Global Positioning System 
HI Hazard Index 
In inches 
LOI Loss on Igintion 
M meters 
µg/kg micrograms per kilogram 
MLLW mean lower-low water 
MTL mean tide level 
MNR Monitored Natural Recovery 
NPS National Park Service 
NWP Nationwide Permits 
pg/l picograms per liter 
ppb parts per billion 
PAC powdered activated carbon 
PCB Polychlorinated Biphenyl 
Pepco Potomac Electric Power Company and Pepco Energy Services, Inc. 
POM  polyoxymethylene 
RI Remedial Investigation  
RI/FS Remedial Investigation/Feasbility Study 
RME Reasonable Maximum Exposure 
SPME Solid Phase Microextraction  
TS Treatability Study 
TSWP  Treatability Study Work Plan 
UMBC University of Maryland Baltimore County 
USACE U.S. Army Corps of Engineers 
USEPA U.S. Environmental Protection Agency 
Yr year









 

Benning Road Facility FINAL March 2020 
TS Work Plan  

1-4 

 

Table 1-1: Remedial Options to be Considered in the Feasibility Study 

 

Remedial 
Approach 

Description Site Conditions Favoring Data Need(s) 

Monitored 
Natural 
Recovery 
(MNR) 

Uses un-enhanced 
naturally-occurring 
processes to transform, 
immobilize, isolate, or 
otherwise remove COPCs 

Where natural recovery processes are 
expected to continue at rates similar to 
existing conditions; 
Where human exposure is limited or 
can be limited by institutional controls; 
Where COPC exposures to biota are 
already approaching remedial cleanup 
levels;  
Where the sediment bed is stable and 
likely to remain stable after remedial 
actions are completed. 

Sediment stability: deposition rate, erosion potential, water depth/bathymetry, 
in-water and shoreline infrastructure, sediment hardness and slope 
conditions, and groundwater/surface water interactions 
 
Sediment characteristics: Physical properties (grain size, density, 
consolidation), benthic community, and bioturbation 
 
COPC characteristics: Horizontal and vertical distribution, COPC type and 
concentration in sediment and in surface water/outfalls, exposure pathways, 
mobility mechanisms, bioavailability and bioaccumulation potential, 
transformation, and degradation 
 
Hydrodynamic assessment: groundwater/surface water interactions; tidal 
water fluctuation; surface water flowrates and velocities; outfall discharge 

Enhanced 
Monitored 
Natural 
Recovery 
(EMNR) 

Relies on one or more 
technologies (i.e., thin 
layer capping; reactive 
amendments) to enhance 
ongoing natural recovery 
processes while 
minimizing the effects on 
the aquatic environment 

Same as MNR except can be applied 
where ongoing natural processes are 
slow as the technology will hasten 
recovery 

Same as MNR with the following additions: 
 
Constituent sequestration assessment: effectiveness of various types of 
amendment, dose rate of effective amendments (as function of sediment 
grain size and TOC) 

Capping Placement of granular 
material over sediments to 
reduce direct exposure; 
cap materials can be 
amended to attenuate 
contaminant flux 

Where hydrodynamic conditions are 
not likely to compromise the cap 
 
Where long-term risk reduction 
outweighs habitat disruption 
 
Where sediment has sufficient strength 
to support the cap materials 

Same as MNR and EMNR with the following additions: 
 
Bathymetric characteristics: complete delineation of bathymetry for 
area/volume computations 
 
Sediment bearing capacity: measure in situ sediment physical characteristics 
to assess strength 
 
COPC isolation assessment: theoretical and empirical data used in modeling 
assessment to predict COPC mobility 
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Table 1-2: Remedial Options to be Considered in the Feasibility Study 

(continued) 

Remedial 
Approach 

Description Site Conditions Favoring Data Need(s) 

Dredging/ 
Excavation 

Removal of sediment to 
either the depth of 
constituent impact or a 
shallower depth that 
meets the remedial goal 

Where contaminant mass and risk of 
erosion make cap placement impractical 
 
Where required to accommodate for 
placement of cap materials 
 
Where long-term risk reduction outweighs 
habitat disruption 

Same as MNR, EMNR and Cap with the following additions: 
 
Sediment dewatering characteristics for mechanical and/or hydraulic 
dredging: grain size distribution with hydrometer; solids content and 
moisture content; TOC; various gravity, mechanical and centrifugal 
dewatering assessments; filtrate water quality assessment; amendment 
dewatering study 

Restoration Restoration of habitat 
disrupted by dredging 
and/or placement of cap  

Where remedial activities disrupt habitat 
 
Where existing habitat is compromised due 
to contamination which remedial activities 
ameliorate 
 
Where integrating remediation and 
restoration activities provides value relative 
to regulatory framework 

Same as MNR, EMNR and Permeable Cap with the following additions: 
 
Plant community assessment: observation of plant species on and 
adjacent to restoration site; observation of substrate characterization 
with depth 
 
Invertebrate community assessment will rely on benthic invertebrate 
data collected during the RI, supplemented by data to be collected as 
part of this TSWP 

 
Sources of information: 
U.S. EPA, 2005.  
ITRC, 2014. 
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It is anticipated that sediment collection permits will be required from the U.S. Army Corps of Engineers 
(USACE), the District Department of Energy and Environment (DOEE), and the National Park Service 
(NPS). It is expected that the required authorization from the USACE will be provided under one or more 
Nationwide Permits (NWP) with a water quality certification from DOEE. In order to streamline the process 
and expedite the schedule, PEPCO will explore the possibility of amending the permits previously obtained 
for RI field activities. 

Amendment effectiveness will be determined based on the reduction of pore water dissolved phase PCB 
concentrations in amended surficial sediments compared to pre-treatment conditions. Sediment samples 
will be homogenized prior to collecting subsamples to be used in amendment batch reactors. Subsamples 
will be collected for bulk sediment PCB concentrations prior to the addition of amendment. Batch reactors 
will receive various treatments (i.e., application of a specific amendment type and concentration) including 
an un-amended control. Each treatment will be performed in triplicate. Amendments will be well mixed by 
hand or low impact ribbon-type mixer to represent ideal mixing, and then allowed to equilibrate for a 
minimum period of 28-days prior to porewater and bioaccumulation testing.  Following this incubation 
period, oligochaete worms (Lumbriculus variegatus) will be added to all batch reactors including the 
controls.  Table 2-2 presents the experimental design including the number of replicates for each treatment. 
The objective is to determine the overall effectiveness of the various amendments. Therefore, the 
amendments will be applied directly to the sediment in the lab and mixed within the top 10 cm to achieve the 
target concentrations. Data collected in these studies will be used in computer modeling to evaluate 
scenarios involving use of amendment applied directly to the sediment surface as well as potential mixing of 
amendments into the capping materials.  

Control and amended batch reactors will be sampled after 28 days of treatment or at the end of 
curing/incubation period. Pore water from subsamples collected from batch reactors will be analyzed for 
dissolved-phased PCBs using passive sampling methods, such as polyoxymethylene (POM) or 
polyethylene (PE) passive sampling devices and in accordance with USEPA (2012) and U.S. 
EPA/SERDP/ESTCP (2017) guidance. POM or PE passive samplers will be pre-loaded with performance 
reference compounds and added to sediment samples to sorb freely dissolved PCBs. These samplers will 
be allowed to equilibrate for one month, whereupon passive sampler devices will be removed from sediment 
samples and PCBs will be extracted from the sampling membrane.  PCBs will be analyzed using high 
resolution gas chromatography/high resolution mass spectrometry (HRGC/HRMS) in accordance with EPA 
method 1668 or similar method as determined in the final experimental design. 

This evaluation will also aid in optimization of amendment concentration by determining the concentration-
response relationship and confirming the most effective amendment and AC delivery product. A range of 
amendment concentrations will be evaluated for the selected amendment to find the optimal point where 
equilibrium is reached and further addition of the amendment would be ineffective. Observation of toxic 
levels of carbon content have been reported at concentrations as low as 5% by weight (Beckingham et al, 
2013). The approach in this study is to evaluate concentrations in 1 to 5% range. 

Evaluation of the pore water data will be focused on determining whether there is a significant decrease in 
PCB bioavailability in amended surficial sediment samples (i.e., decrease in dissolved phase PCB pore 
water concentrations) compared to the controls. Results of these analyses will be used to determine 
amendment effectiveness and to help identify the best performing amendment and dosage.  
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capping system material stability. Updated bathymetric data are also needed to support MNR, EMNR, 
capping system, and dredging remedial scenario evaluations, as well as restoration planning. 

Hydrologic/hydraulic parameters which warrant further study include, (a) flood levels and seasonal flow 
conditions (e.g., velocities and shear stress during major flood events), (b) tidal fluctuation/inundation levels 
in relation to surface elevations, (c) quality, volume, and velocities of flows into the Cove from existing 
discharge outfalls under proposed scenarios, and (d) effects on riverine hydrodynamics from surface 
contour and hydrology changes in the Cove. This information is needed to assess the suitability and 
sustainability of the remediated Site to support wetland plant species given the tidal fluctuation/inundation 
and various hydrologic inputs to the system. In addition to collecting accurate bathymetry and flow data, 
there is a need to better understand groundwater hydrology flux into the overlying sediment within the Cove. 
This information will help inform the need for amendments as well as the selection of granular backfill 
materials. 

Information is also needed on the sedimentation characteristics of the Cove. A radiochemistry core collected 
by Pepco at sampling location SED7E (Figure 2-1) in the Cove indicates that depositional rates are 
approximately 1 centimeter per year (cm/yr), and the grain size analysis in the Cove indicates that the area 
is largely depositional; percent fines (the sum of silt and clay fraction) in bulk sediment in the Cove range up 
to 82% (AECOM, 2019).  In addition, several cores collected by DOEE as part of the ARSP (Tetra Tech, 
2018) indicate that there are high rates of sedimentation in the vicinity of the Waterside Investigation Area, 
with well-defined 137Cs peaks and corresponding sedimentation rates that range from 1 to 3 cm/yr.  
Downstream of the CSX Bridge, Velinsky (2011) measured sedimentation rates up to 3 cm/yr. There is a 
need to assess depositional rates in other areas of the Cove to verify the stability of amendments placed for 
purposes of EMNR as well as for capping system design.  

2.2.1 Cove Bathymetry 

Bathymetric and side scan sonar data for the Waterside Investigation Area were last collected in 2013 via 
hydrographic survey. These data are referenced to the Mean Lower-Low Water (MLLW) datum and the 
North American Vertical Datum of 1988 (NAVD 88), and provide good coverage in the river channel and into 
the western part of the Cove. Available bathymetry data as depicted on Figure 2-4 shows the transects that 
were completed during the RI in order to complete bathymetric mapping. Due to limitations in the 
technologies used in the RI, and the shallow water depths in the Cove, these transects do not span the 
entire Cove in either direction. Therefore, additional higher resolution and focused data are needed to 
expand coverage in the Cove. Updated bathymetric data will be used to support FS alternatives analysis 
and to support evaluation of the need for and design of support structures (i.e., temporary sheet pile) during 
remedy implementation. River tidal elevation data relative to tidal wetland conditions are also available from 
other nearby studies, such as the Anacostia River Fringe Wetlands Restoration Project.  

A qualified DC-licensed surveyor will be engaged to complete the detailed survey of the Cove, which has 
not been surveyed in the past. The remaining portion of the Waterside Investigation Area will be re-surveyed 
at the same time, since the previous survey of this area was conducted over 5 years ago.  Given the limited 
water depth in the area, the Cove survey will most likely be conducted at low tide using upland 
topographical survey techniques. The limit of the proposed survey is depicted in Figure 2-4. Data will be 
collected to verify the current grades in the Cove relative to tidal stages, including Mean High Water (MHW), 
Mean Tide Level (MTL), and MLLW, as these are critical stages affecting tidal wetland development, and to 
determine the change in grades required to establish appropriate tidal inundation/flushing for freshwater 
emergent marsh vegetation. These data are also needed assess the suitability and design of a temporary 
sheet pile barrier to isolate activities in the Cove during remedial construction. This information will be useful 
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in evaluating MNR, EMNR, capping system, and dredging remedial alternatives in the FS and to support 
future remedial design efforts. 

2.2.2 Surface Water Flow Monitoring 

Three surface water stations will be installed to support the hydrodynamic analysis and design of the 
remediation. One station will be located in the Cove, one located in the river approximately 1,500 to 2,000 
feet upstream of the Cove, and one located in the river at the Benning Road Bridge approximately 1,500 to 
2,000 feet downstream of the Cove. Each station would be equipped with a staff gauge and a recording 
pressure transducer (Solinst LTC Leveloger Edge or equivalent). Proposed staff gauge locations are shown 
on Figure 2-2. The pressure transducer records data on water level (stage), water temperature, and 
conductivity. To capture the seasonal water level variation, a 12-month monitoring is proposed. It is 
recognized that the FS will commence prior to completion of the 12-month monitoring period; data gathered 
from the latter portion of this monitoring will be used to help inform the remedial design. AECOM will visit the 
Waterside Investigation Area twice per month to download the data from pressure transducers at the three 
stations. The timing of site visits will be determined by anticipated streamflow conditions, the timing and 
magnitude of tides, and other project needs (i.e. input for modeling efforts). The installations will be located 
both for hydraulic considerations (providing optimal data for project requirements) and for security (minimal 
visibility). While the installations will be secured to the extent reasonably practical, they will not be fully 
inaccessible. If one or more stations is damaged or destroyed, an evaluation will be made as to whether the 
stations need to be reestablished. Data from this evaluation will be incorporated into a detailed two-
dimensional hydrodynamic model, which will be required as part of the FS to understand the flow patterns 
under various riverine and tidal conditions.  

2.2.3 Surface Water Discharge 

The FS will require a better understanding of existing and expected future discharges from the various 
existing outfalls located in Cove. Determining peak flow rates of these discharges is needed to assess their 
potential effect on Cove surface sediment stability and remedy implementability, as well as marsh 
development and growth. The existing Site outfall (Outfall 013) discharges through the Cove in a low-flow 
channel. This flow may need to be similarly conveyed in a low-flow channel under future conditions after 
implementation of the remedial action; therefore, the velocity/rate of flow should be understood to ensure an 
appropriate configuration or alternative conveyance mode such as sheet flow. Similar evaluations are 
needed for the other outfalls to the extent that the necessary information can be obtained. A discussion of all 
outfalls within the Waterside Investigation Area is presented in Section 2.5. 

2.2.4 Groundwater Hydrology 

Up to three seepage meters will be placed within the Cove to determine the groundwater hydrology flux into 
the overlying sediment. The rate of seepage through the sediment varies in time and with location based on 
the interaction of tidal fluctuations and groundwater discharge dynamics.  

Up to three locations at which seepage is likely to vary and representing different recharge regimes across 
the Cove will be selected during site inspection. Preliminary locations for these seep meters are presented 
in Figure 2-2. There are multiple methods and equipment to measure the flux of groundwater to surface 
water. Traditional methods include a hydraulic potential manometers and other differential devices but 
alternative methods including buoy mounted and continuous-detection ultrasonic have been used more 
recently. Keying in on salinity, temperature, and volumetric measurement, Pepco will evaluate these 
techniques and select the most appropriate approach for this investigation. We anticipate a minimum of one 
full tidal cycle under both a high and low water regime condition will be required to observe the range of 
seepage conditions. 
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Pepco will also collect shallow push cores at each of the locations to assess the physical characteristics of 
the sediment, including grain size and bulk density, to support seepage meter data evaluation. These data 
will be used to assess Cove hydrology for remedial design. 

2.2.5 Cove Sedimentation 

As reported in the RI and depicted in Figure 2-1, radio-isotope dating of one sediment core, collected in the 
Cove, was completed in the Waterside Investigation Area to assess sediment stability and understand 
sediment deposition rates. Data from this core indicate a deposition rate of approximately 1 cm/yr in the 
Cove. These data will be used in the Cove FS hydrology assessment. However, additional data will be 
collected to verify sediment deposition in the Cove.  

For purposes of verification, up to four sediment traps will be placed at locations depicted in Figure 2-2 and 
left in place for the maximum amount of time permitted under the schedule to implement this TSWP (ideally 
at least 2 months) to assess sediment accumulation within that time period. Pepco will use a design similar 
to that used for the New Bedford Harbor Superfund Site consisting of a 1 gallon jug fitted with an entrance 
funnel and placed inside a drum that is weighted and secured to a tide post (ACOE, 2010). Traps will be left 
in place the maximum amount of time allowed under the TS schedule (estimated at 2 to 4 months). At 
termination of the sediment trap deployment period, traps will be capped in the field, recovered, and 
analyzed under laboratory conditions for further processing. Accumulated sediments will be analyzed for 
grain size, TOC, and PCBs which collectively requires a minimum of approximately 50 grams of sediment. 

Pepco will attempt to place 4 sediment traps in the cove; however, it is recognized that the cove area is 
subject to the ebb and flow of tide, and that insufficient water depth may be present in some areas to 
effectively submerge the above-described sediment traps.  If this is found to be the case, Pepco will either: 
(1)  re-locate traps to ensure that they are placed in areas that meet minimum water depth requirements 
(assumed to be greater than 1 to 2 feet in depth at low tide; or (2) employ an alternative sediment trap 
design in the shallow inter-tidal zones.  For instance, artificial turf mats have been previously used in riparian 
settings for this purpose.  These mats have been found to have a surface roughness that limits loss of 
sediment from flooding events and are readily installed on irregular inter-tidal surfaces.  

Data collected during the field work will be used to assess the feasibility of each remedial approach and 
technology. 

2.3 Cove Ecological Survey 

To evaluate possible restoration actions as part of the remedial alternatives to be considered in the FS, it will 
be useful to have a current ecological assessment of conditions within the Cove as well as nearby tidal 
marsh areas as biological analogs. Therefore, in addition to a review of existing cove benthic community 
data collected as part of the RI, an ecological survey is proposed to obtain a detailed inventory of the plant 
community in areas where submergent/floating-leaved plant communities exists within the Cove.  

2.3.1 Vegetation Survey 

There is currently a discrete area in the north-central portion of the Cove that appears to be slightly 
shallower and supports a submergent/floating-leaved plant community. A detailed inventory of the plant 
community within this portion of the Cove, in relation to survey information and surface water flow 
conditions, will assist in evaluating potential tidal marsh restoration alternatives that consider plant species, 
surface elevations, and substrate conditions. The evaluation of surrounding tidal emergent marsh 
communities would also provide biological analogs that would inform design efforts for tidal marsh 
restoration. These investigations will be conducted during the growing season, preferably late spring. 
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2.3.2 Supplemental Macroinvertebrate Survey 

A focused infaunal macroinvertebrate survey will be conducted to supplement the existing benthic infauna 
data, which were collected as part of the Benning Road RI. The existing RI data were collected through the 
use of grab sampling techniques, in order to provide synoptic benthic macroinvertebrate, sediment bulk 
chemistry, and toxicity testing data for evaluation in the Waterside Investigation Area BERA.    

The proposed infaunal study will employ artificial substrates (i.e., Hester Dendy samplers) in order to 
determine baseline conditions in the cove.   These substrates will be deployed in a similar manner as 
described in the ARSP RI Report (DOEE, 2019).  Up to four multi-plate samplers will be anchored with a 
cinder block in the deeper portions of the Cove.  Sample locations that are permanently inundated will be 
identified prior to deployment.  Should this not be feasible within the Cove, alternate locations within the 
Waterside Investigation Area will be selected.  During the survey, samplers will be checked regularly to 
ensure that they remain below the low tide water line.  Following six week deployment, samplers will be 
retrieved and processed in an identical manner as described in the ARSP RI (2019).   A taxonomic 
laboratory will be engaged to perform taxonomic identification of invertebrates that have colonized the 
artificial substrates.   

2.4 Sediment Stability Assessment  

Physical stability is critical to the overall effectiveness and long-term performance of MNR, EMNR, and 
capping systems, as well as for habitat restoration components. Data are needed to assess the physical 
stability of sediments in the Cove under existing conditions and potential future remedial scenarios. 

2.4.1 Sedflume Study  

The physical stability of sediments can impact the overall effectiveness and long-term performance of a 
remedial solution. Physical stability of sediments is governed by a complex set of factors including, but not 
limited to, the underlying properties of the sediment, site hydrological conditions, amendment/cap material 
selection and design, depth of water, bathymetry, biological activity, and the presence of engineered site 
features such as armor stone and surface water channels. To evaluate the physical stability of sediments 
within a particular system, key parameters include sediment erosion rates, critical shear stresses, and 
sediment properties, such as particle size and bulk density. Empirical test methods must be used to 
measure critical shear stress and erosion rates for cohesive sediments as these parameters cannot be 
predicted based on sediment characteristics (Zimmerman et al., 2008).  

Sedflume studies will be conducted to evaluate physical sediment stability under various laboratory 
conditions designed to simulate existing conditions in the Cove and potential future remedial scenarios.  In 
addition, ten sediment cores (5 locations) for Sedflume analysis will be collected from the Anacostia River 
Waterside Investigation Area to the west of the Cove.     

Erosion rates determined by Sedflume analysis are a function of shear stress and depth. Critical shear 
stress, which is defined as the shear stress at which a very small, but measurable, rate of erosion occurs, is 
a difficult parameter to measure directly, and typically involves the use of interpolative techniques. Sedflume 
analysis has been used, with demonstrated success, to evaluate the stability of sediments collected from an 
intertidal bay at Hunters Point Naval Shipyard In San Francisco, California (CA), as well as river sediments 
in the area of the River adjacent to the Washington Navy Yard (Department of Navy, 2014). Sediments 
evaluated from Hunters Point were amended with AC to evaluate application of AC amendments as an in 
situ remediation method to sequester PCBs (Zimmerman et al., 2008). The results of the Hunters Point 
study indicated that no reduction in surface sediment stability or erosion of treated sediment occurred with 
the addition of AC amendments (Zimmerman et al., 2008). 
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