
Potomac PCB TMDL

Modeling Approach and Data Assessment

Victor J. Bierman, Jr.Victor J. Bierman, Jr.
LimnoLimno--Tech, Inc.Tech, Inc.

Technical Advisory Committee MeetingTechnical Advisory Committee Meeting
Virginia Tech UniversityVirginia Tech University
Falls Church, VirginiaFalls Church, Virginia

September 29, 2005September 29, 2005



Presentation Outline
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Modeling Approach
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Example Mass Balance Approach
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Options Considered

•• PCB Model FrameworkPCB Model Framework
–– Water Quality Analysis Simulation Program (WASP7)Water Quality Analysis Simulation Program (WASP7)
–– PCB Water Quality Model for Delaware Estuary PCB Water Quality Model for Delaware Estuary 

(DELPCB)(DELPCB)

•• Hydrodynamic Model FrameworkHydrodynamic Model Framework
–– DYNHYD5DYNHYD5
–– Environmental Fluid Dynamics Code (EFDC)Environmental Fluid Dynamics Code (EFDC)
–– Chesapeake Bay Environmental Model Package Chesapeake Bay Environmental Model Package 

(CBEMP)(CBEMP)



DELPCB Model Framework
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Model Calibration Approach
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Key Features

•• Hydrodynamics (DYNHYD5)Hydrodynamics (DYNHYD5)
–– Builds upon existing DEMBuilds upon existing DEM
–– 1D branched hydrodynamic spatial grid1D branched hydrodynamic spatial grid
–– Separate representation of main channel and Virginia embaymentsSeparate representation of main channel and Virginia embayments
–– Daily forcing for freshwater inflowsDaily forcing for freshwater inflows
–– Hourly forcing for downstream tidal heightsHourly forcing for downstream tidal heights

•• PCB Mass Balance (DELPCB)PCB Mass Balance (DELPCB)
–– PCBs follow the organic carbonPCBs follow the organic carbon
–– Builds upon Delaware River Estuary PCB TMDL modelBuilds upon Delaware River Estuary PCB TMDL model
–– 2D horizontal spatial grid2D horizontal spatial grid
–– 1:1 spatial mapping between DYNHYD5 and DELPCB1:1 spatial mapping between DYNHYD5 and DELPCB



PEM and DEM Spatial Grids
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CBEMP and DEM Spatial Grids













Advantages of DYNHYD5/DELPCB

•• Proven successful in Delaware River EstuaryProven successful in Delaware River Estuary
•• Approved by expert panel of independent Approved by expert panel of independent 

scientistsscientists
•• Accepted by EPA Regions 2 and 3 for Accepted by EPA Regions 2 and 3 for 

development of Stage 1 PCB TMDLdevelopment of Stage 1 PCB TMDL
•• Existing linkage between DYNHD5 and Existing linkage between DYNHD5 and 

WASP5/DELPCBWASP5/DELPCB
•• Model code available and transferable to Model code available and transferable to 

Potomac River EstuaryPotomac River Estuary
•• Simple, pragmatic and scientifically soundSimple, pragmatic and scientifically sound



Principal Model Limitations

Does Not Represent ….Does Not Represent ….

•• Lateral spatial gradients within main channel and/or within Lateral spatial gradients within main channel and/or within 
embayments, tributaries and covesembayments, tributaries and coves

•• Potential differences in sedimentPotential differences in sediment--water exchanges water exchanges 
between the main channel and nearshore areasbetween the main channel and nearshore areas

•• Complex physical processes in the vicinity of the estuarine Complex physical processes in the vicinity of the estuarine 
turbidity maximumturbidity maximum

•• Vertical stratification in the lower estuaryVertical stratification in the lower estuary
•• Sediment transport or suspended solids mass balanceSediment transport or suspended solids mass balance



Outstanding Modeling Issues

•• Representation of PCBsRepresentation of PCBs
–– Which homolog group(s)?Which homolog group(s)?

•• Linking model results to water quality standardsLinking model results to water quality standards
–– Spatial and temporal scales for PCB concentrations?Spatial and temporal scales for PCB concentrations?
–– Bioaccumulation factors to link to tissue residues?Bioaccumulation factors to link to tissue residues?

•• Spatial resolution for VA embaymentsSpatial resolution for VA embayments
–– Adequate for TMDL development?Adequate for TMDL development?

•• Periods of simulation for calibration/validationPeriods of simulation for calibration/validation
–– Confounded by lack of water column PCB dataConfounded by lack of water column PCB data

•• LongLong--term hindcast/consistency checkterm hindcast/consistency check
–– Historical PCB loadings and longHistorical PCB loadings and long--term responses?term responses?



Data Assessment

Based on data available 
as of August, 2005



Summary of Required Data

•• Bathymetry dataBathymetry data
•• Meteorological dataMeteorological data

–– Wind speed, air temperature, rainfallWind speed, air temperature, rainfall

•• Hydrodynamic dataHydrodynamic data
–– Water surface elevationWater surface elevation
–– Current velocityCurrent velocity
–– Downstream boundary conditionsDownstream boundary conditions

•• Freshwater inflowsFreshwater inflows
•• Sorbent and PCB mass loadingsSorbent and PCB mass loadings
•• Internal model parameters and rate coefficientsInternal model parameters and rate coefficients
•• Ambient data for water column, sediments, biota, Ambient data for water column, sediments, biota, 

atmosphereatmosphere



Model 

Parameter Media/Locations DYNHYD5 DELPCB 

Freshwater inflows 

Fall lines 
Tributaries 
Point sources 
Non-point sources 

X  

Water surface elevation (tidal heights) Water X  

Current velocity Water X  

Precipitation Atmosphere  X 

Wind velocity Atmosphere X X 

Temperature 
Water column 
Atmosphere 

X X 

Salinity Water column X X 

Total suspended solids (TSS) 
Loading sources 
Water column 

 X 

Total organic carbon (TOC) 
Particulate organic carbon (POC) 
Dissolved organic carbon (DOC) 
Lipid 

Loading sources 
Water column 
Sediment 
Biota 

 X 

Chlorophyll a Water column  X 

Algal primary production Water column  X 

PCBs (total, particulate, dissolved, gas 
phase) 

Loading sources 
Water column 
Sediment 
Biota 
Atmosphere 

 X 

Grain size Sediment  X 

Particle density Sediment  X 

Porosity Sediment  X 

Bulk density Sediment  X 

Sediment oxygen demand (SOD) Sediment  X 

Net sediment burial rate Sediment  X 

Specific Data 
Parameters 

Required



Principal Loading Sources

•• Potomac and Anacostia fall linesPotomac and Anacostia fall lines
•• Tributaries (head of tide)Tributaries (head of tide)
•• Point sourcesPoint sources
•• CSOsCSOs
•• MS4sMS4s
•• Contaminated sitesContaminated sites
•• NonNon--point source runoffpoint source runoff
•• Atmospheric wet/dry deposition; gas phase PCBAtmospheric wet/dry deposition; gas phase PCB
•• Marsh areas (organic carbon)Marsh areas (organic carbon)



Available Data for Loading Sources

Loading Source Organic Carbon PCBs 
Potomac fall line Yes Yes 
Anacostia fall line Yes Yes 
Tributaries Yes1 Yes1 
Point sources No2 No2 
CSOs No3 No 
MS4s Yes Yes4 
Contaminated sites No No 
Non-point source runoff No5 No5 
Atmospheric wet/dry deposition n/a Yes6 
Marsh areas No n/a 



Available Ambient Data
Parameter Water Sediment Biota Atmosphere 

Freshwater inflows Yes n/a n/a n/a 

Water surface elevation (tidal heights) Yes n/a n/a n/a 

Current velocity Yes n/a n/a n/a 

Precipitation n/a n/a n/a Yes 

Wind velocity Yes n/a n/a Yes 

Temperature Yes n/a n/a Yes 

Salinity Yes n/a n/a n/a 

Total suspended solids (TSS) Yes n/a n/a n/a 

Organic carbon (TOC, POC, DOC, lipid) Yes Yes1 Yes n/a 

Chlorophyll a Yes n/a n/a n/a 

Algal primary production Yes2 n/a Yes n/a 

PCBs (total, particulate, dissolved, gas phase) No Yes n/a Yes3 

Grain size n/a No4 n/a n/a 

Particle density n/a No 4 n/a n/a 

Porosity n/a No 4 n/a n/a 

Bulk density n/a No 4 n/a n/a 

Sediment oxygen demand (SOD) n/a Yes2 n/a n/a 

Net sediment burial rate n/a No n/a n/a 
 









Available Sediment Data Sets

Agency Source Sampling Year(s) 
Chemical 

Parameters Spatial Coverage 

ICPRB CBP toxics 
database 1989 PCB congeners DC receiving 

waters  
USEPA 
Environmental 
Monitoring and 
Assessment 
Program (EMAP) 

CBP toxics 
database 1992 – 1993 

PCB congeners, 
and Total PCB 
(1993 only) 

Potomac River 
Estuary 

Virginia Department 
of Environmental 
Quality (VADEQ) 

Mark Richards 
1996, 2000,  
2001, 2002  Virginia tributaries 

USEPA and USGS CBP toxics 
database 1997 PCB congeners Potomac River 

Estuary 

NOAA CBP toxics 
database 1999 PCB congeners 

and Total PCB 
Potomac River 
Estuary 

USEPA CBP toxics 
database 1999 PCB congeners Potomac River 

Estuary 

George Mason 
University Greg Foster 2000 – 2001 

PCB congeners, 
Total PCB, and 
TOC 

Potomac River – 
Chain Bridge to 
Blue Plains 

Academy of Natural 
Sciences, Patrick 
Center for 
Environmental 
Research  (ANS-
PCER) 

David Velinsky 2000 
PCB congeners, 
Total PCB, and 
TOC 

Anacostia River 
and a few nearby 
Potomac River 
sites 

MCCDC, Quantico Kristein Stein 2002 PCB congeners 
and Total PCB 

Quantico 
Embayment 

 





Principal Data Gaps

•• PCB loadingsPCB loadings
–– Potomac and Anacostia fall linesPotomac and Anacostia fall lines
–– Point sourcesPoint sources
–– CSOsCSOs
–– Contaminated sitesContaminated sites
–– NonNon--point source runoffpoint source runoff
–– Marshes (organic carbon)Marshes (organic carbon)

•• Ambient dataAmbient data
–– Water column PCB concentrationsWater column PCB concentrations



Recommendations

•• PCB monitoringPCB monitoring
–– Potomac and Anacostia fall linesPotomac and Anacostia fall lines
–– Water column downstream of fall linesWater column downstream of fall lines
–– Major point sourcesMajor point sources

•• PCB loadingsPCB loadings
–– CSOsCSOs
–– Contaminated sitesContaminated sites
–– NonNon--point source runoffpoint source runoff

•• Build on existing programsBuild on existing programs
–– Delaware River Estuary PCB TMDLDelaware River Estuary PCB TMDL
–– Chesapeake Watershed and Bay modelsChesapeake Watershed and Bay models



Milestones (M) and 
Deliverables (D) 

Due Date 

Work Assignment Receipt 
 

June 9, 2005 

Task 1: Prepare Final Work Plan and 
General Performance (D) 

July 8, 2005 

  
Task 2: Report on Data Availability and 

Data Gaps (D) 
September 30, 2005 

  
Task 3: Develop Options for TMDL 

Modeling Approach (D) 
September 30, 2005 

  
Task 4: Modeling QAPP (Optional D) Optional task 
  
Task 5: Hydrodynamic/Salinity Model 

Calibration, Validation and 
Sensitivity Analyses (M) 

December 31, 2005 

  
Task 6: Report on Hydrodynamic/Salinity 

Model (Optional D) 
Optional task, deliverables and 
dates to be determined 

  
Task 7: PCB Model Calibration, 

Validation and Sensitivity Analysis 
(Optional M) 

September 30, 2006 (optional) 

  
Task 8: Report on PCB Model (Optional 

D) 
Draft September 30, 2006 
(Optional) 
Final December 31, 2006 
(Optional) 

  
Task 9: Technical Guidance and 

Assistance to ICPRB in Development 
of TMDL (Optional M) 

 

Optional task for Periods 3 and 4 

Task 10: Coordination, Meetings and 
Monthly Reporting (M and D) 

 

Ongoing during Option Period 2 
Optional for Periods 3 and 4 

 
Task 11: Support/Attend Public Meetings 

(M) 
 

 
One meeting in Option Period 2 
Optional meeting in Period 4 
 

Modeling 
Tasks and 
Schedule
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