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Abstract 

The transport and fate of polychlorinated biphenyls (PCBs) 
at the New Bedford Harbor Superfund site is modeled using 
a three-dimensional hydrodynamics and sediment-contaminant 
transport model. Simulations projecting the fate of PCBs 
over a 10-year period are required to assess the 
effectiveness of remedial action alternatives. A 
continuous computer simulation for the 10-year period is 
economically unfeasible; therefore, a method to extend 
the simulation results over the 10-year period was 
developed. The method uses a combination of transport-only 
calculations driven by previously computed hydrodynamics 
and linear extrapolation of model results. The long-term 
PCB simulation results for the no-action alternative are 
presented. 

Introd)]ction 

New Bedford Harbor, Massachusetts, is an estuarine u.s. 
Environmental Protection Agency (EPA) Superfund site 
contaminated with high levels of PCBs and heavy metals 
(e.g., Cd, Cu, Cr, Pb). The area between the Wood St. and 
Coggeshall St. bridges (Figure 1) contains most of the PCB 
contamination in bed sediments; the total mass is 
approximately 150,000 kg, and typical concentrations 
exceed 100 ppm with isolated samples above 25,000 ppm. 

As part of the remedial investigation and feasibility 
study (RI/FS), a three-dimensional hydrodynamic and 
sediment-contaminant transport model is being applied to 
New Bedford Harbor and an adjoining portion of Buzzards 
Bay. The goal of the modeling program is to develop a tool 
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for the comparative analysis of proposed remedial action 
alternatives over a 10-year future period. 
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~ 1>escription of the Numerical Model 

The numerical model used in this study is the three
dimensional hydrodynamics code TEMPEST (Trent and Eyler 
1989) coupled with a sediment-contaminant transport 
submodel FLESCOT (Onishi and Trent 1982). The governing 
equations, functional parameterizations, and numerical 
methods are documented in the references given above. The 
key modifications implemented in this study include free 
surface computation, a hydrostatic pressure option, 
decoupled transport calculations, and a wave-enhanced 
bottom friction model. The following is a brief 
description of the general features of the model. 

The marine version of TEMPE$T solves the conservation of 
fluid mass, momentum, thermal energy, and constituent 
transport (e.g., salt) in Cartesian coordinates using 
finite~difference techniques. The Reynolds-averaged Navier
Stokes equations are closed using a constant but 
nonisotropic, eddy viscosity. Time-varying free water
surface computations can be performed using the 
hydrostatic assumption, or a dynamic pressure field can be 
determined through the solution of a poisson equation for 
the pressure field. Constant thickness grid layers in the 
vertical direction are used (sigma coordinates are not 
used). A limitation of the model is that water surface 
fluctuations are confined to the surface layer of grid 
cells. Constituent transport calculations can be performed 
using previously computed and stored velocity fields and 
water surface elevations; this is referred to as the 
decoupled mode. Transport solutions spanning several 
months can be done by periodically repeating the stored 
hydrodynamics. Enhanced bottom friction due to the effects 
of nontidal waves, parameterized by surface roughness and 
significant wave height and period, were incorporated 
using a simplified, noniterative version of the Grant and 
~adsen (1979) theory. 

The sediment-contaminant transport submodel adds the 
following transport equations and associated source/sink 
terms to the TEMPEST code: suspended sediment, dissolved 
contaminant, and sediment-sorbed contaminant. Sediments 
and sediment-sorbed contaminant's are eroded from and 
deposited to a multilayered seabed. The erosion or 
deposition rate of noncohesive sediments (sand) is 
determined by using DuBOY'S equation to compute the 
transport capacity of the flow. For cohesive sediments 
(silt and clay), the formulas developed by Partheniades 
and Krone are used to compute erosion and deposition 
rates. Contaminant mass transfer between the seabed and 
water column occurs through the erosion and deposition of 
sediment-sorbed contaminants and direct desorption and 
adsorption through a bed-water column partition 
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coefficient (Bed Kd) and a rate constant. The model does 
not account for the diffusion of contaminants in the pore 
waters of bed sediments. The partitioning of contaminants 
in the water column between dissolved and sorbed form is 
modeled using an equilibrium partition coefficient (Kd) 
and an associated rate constant. Nonconservative 
contaminants and the volatilization of dissolved 
contaminants are modeled as first-order rate processes. 
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reasonable agreement with the available fi.eld data: 0.001 
m2/s vertical eddy viscosity, 1.0 m2/s hor1zontal edd~ 
viscosity, and 0.0026 bottom friction coefficient (w1thout 
wave effects). The computed water. surface heights, . 
current speeds, and current direct10ns are compared 1n . 
Figure 2 to measurements made by Woods Hole Oceanograph1c 
Institute. 

The time required for the sediment and contaminant 
transport solutions to reach a q~asi-~tead~ stat~ is 
approximately 10 days. Thus, cal1brat1on s1mulat10ns for 
the sediments and total PCBs were completed by the 
decoupled, transport-only mode. ~he following two 
scenarios, each 24 hours in dura~1on, ~ere us~d to 
generate velocity and surface he1ght t1me ser1es for the 
decoupled simulations: a general case with northerly 2 to 
10 mls winds and a storm case with southerly winds of 1 to 
15 m/s. Both were forced by a M2 tide with a 0.55-m 
amplitude. The storm case used the wave-enhanced bottom 
friction model with wave parameters determined from the 
Shore Protection Manual. The sediment-PCB calibration 
simulations covered a 92-day period by repeating the 
hydrodynamics computed above in the following five 
sequential stages: 1) 30 days of the general case, 2) 1 
day of the storm case, 3) 30 days of the general case, 4) 
1 day of the storm case, and 5) 30 days of the general 
case. The final water column and bed concentrations for 
one stage served as the initial conditions for the next. 

Initial conditions for bed sediments and.tota~ PCBs sorbed 
to bed sediments were assigned by averag7n? f1eld s~rvey 
data onto the model grid. To obtain suff1c1ent deta11 to 
assign bed conditions throughout the model, several sets 
of data taken at different times had to be used. Data to 
determine open boundary conditions for sediment~ ~nd total 
PCBs were quite limited. The open boundary cond1t1ons, 
applied only on the flood-tide, for sediments and PCBs 
were set to 6 mgll and 4.8 ngll, respectively. During the 
1-day storm events, these values were elev~ted by a factor 
of three to approximate the effects of sed1ment .. 
resuspension near the boundary. The~e values wer~ w1th1n 
the range of data collected at stat10ns 15-18 (F1gure 1). 
Tests showed that calculated PCB values within the 
Hurricane Barrier were not sensitive to the PCB open 
boundary condition. 

Sediment calibration parameters included mean grain size 
for noncohesive sediment, critical shear stress for 
erosion and deposition, and erodibilty coefficient for 
cohesive sediments. The primary calibration parameters for 
total PCBs are the bed Kd value, which controls the mass 
transfer between the bed and water column, and the water 
column Kd. Erosion and deposition of sediment-sorbed PCBs 
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accounted for only a small portion of the mass exchange 
between the bed and water column. For PCBs, mass transfer 
by volatilization is significant; the volatilization 
coefficient was set to 0.000013 mls based on the mean of 
several reported values (e.g., Bopp 1983). 

Sediment and PCB transport were calibrated using water 
column data and by comparing mass fluxes beneath 
Coggeshall St. bridge. The comparison of computed values 
and water concentrations measured by Battelle Ocean 
Sciences in Figure 3 shows fair agreement. The computed 
net fluxes of sediment and PCBs were 446 kg per tidal 
cycle up-estuary and 0.22 kg per tidal cycle down-estuary 
(toward Buzzards Bay), respectively. Corresponding mean 
values of 2202 kg per tide cycle up-estuary and 1.55 kg 
per tide cycle down-estuary were measured by Teeter 
(1988) . 

Long-Term No-Action Simulation for Total PCBs 

Each 92-day sediment-contaminant calibration simulation 
consumed about 5 hours of CPU time on a Cray X-MP 
supercomputer. The computer costs to generate a 10-year 
projection are prohibitive, even using the decoupled mode. 
The 10-year projections were done using the following 
method. For each 92-day series, the rate of mass change 
for sediments and contaminants in each bed cell was 
computed. Using this rate of change, the mass in each bed 
cell was linearly extrapolated forward using a 2-year time 
step. The extrapolated bed conditions defined a new 
initial bed condition for the next 92-day simulation. The 
steps were repeated, using the same 92-day series, until 
the 10th year was reached. 

Using this scheme, no-action simulations were calculated 
for years 0,2,4,6,8, and 10. Year 0 corresponds to the end 
of final calibration simulation. The extrapolated changes 
in the water column are shown in Figure 4. The contour 
plots in Figure 5 show the progressive redistribution of 
PCBs in the bed sediments. The net mass fluxes beneath 
Coggeshall St. bridge at the end of the 10th year are 
288 kg per tidal cycle up-estuary and 0.20 kg per tidal 
cycle down-estuary for sediments and PCBs, respectively. 

Discussion and Conclusion 

Only a qualitative calibration of the model was possible 
because of the limited field data available. The flux data 
show that the model does reproduce the observed net 
transport direction. The absolute accuracy of the 10-year 
simulations is uncertain because of the lack of synoptic 
data gathered at different points in time. It is 
significant that the results show little change in the 

http:�""o.g'ti.cS


ESTUARINE AND COASTAL MODELING78 

~·1~--------------------------1 

"0 

-' ..... 
en 
E 

0- Compuled 

• - Bouall. Dolo 


. 

j \ II It U 

PCB CONTAMINATION 	 7,} 

-o~,-________________________________________________________-, 

o - No AclLon Year 0 
o - No Acli.on Yeor 10 
• - Bollelle OOlo 

Coggesholl Sl. 8ri.dge 

HurrLcone Borri..er* 	 Open 8oundor~ 
(, 

• 

• 0 00 

0 
0 

0 <b 0 0 0 00III!I0 0 
~ •0 ib 

• 	 •0 

• • 
'oJ---1--~-------'-------'------"------~----~~2------~I'~----~1~6------~118
8 10 I 

Woler Column Slolcons 

-0 

! -' l ..... eni c 
-"0t 	 1<D_ u 
"
-u t 1 
.a " L 
0.. lj n+ 
~ 

0 
'0

> " -' 
0.... 
~-
~ 

o - Compuled 
• - Bollella Dolo 

1 t t tt + Ill!!j 1 \ 

1500 3000 .500 6000 7500 9000 10500 12000 13500 
ApproxLmole Oi..slonce from Wood St. BrLdg8 (melers) 

o - No Acli.on Year 0 

o - No Acli.on Yeor 10 


-~~ • - BOllelle Oolo 


0 Cogsesholl Sl. Bri.dse 
-' ..... 

0 HurrLcone BorrLer..': 
C> 

~ 

<DO • * 	 Open 8oundor~u
"

o 	
(,Q .•0

v.. 0 

• •
.a 

0 .. L 
0 
~ 'b • II • 

0.0,,  00 

•0 
~ " 0 0 0 ..0 

0 0.. 
. J ,,-

0 
0 	 .0 

0 

~ L--~--'---~--'---T---r---~-;C-~--~~-T--~--~--71'~~---1~6~-r--~18
-j 	 10 12 

Haler CoLumn Slol~ons 

Figure 3. Calibration Results for Total Suspended 	 b+-----~-----r--~_.--~_.--~_,------,_~--r_~--._--~ 
o 1500 3000 '500 6000 7500 9000 10500 12000 13500Sediments and Total PCBs (Dissolved + Sorbed) in Approxi.mole Oi.slonee rrom Wood Sl. Bri.dge (melers)

the Water Column. Station Locations are Shown Figure 4. Water Column Results for the IO-Year No-Actionin Figure 1. The Symbols Correspond to Mean Simulation. The Symbols Correspond to MeanValues and the Bar Endpoints to High, Low Values and the Bar Endpoints to High, LowValues. Field Data Collected by Battelle Ocean Values. 
Sciences. 

-- - ... ~-------.- -- ~--



HO ESTUARINE AND COASTAL MODELING 

' .. 
~ 

~ 

-----~ 

.,+JO 
o H +J 0"> 
~ CIlE 
0.. m 

+J"O ..... 
I-< 	 I: 00 
~ Q) 0 
OE~m 
+J '.-1 +J 
1:"0'0'.-1:! o Q) I: C 
UCIlIO;:l.. 

E.. ~ j.c: a 
';' 

J!I 

ro 
"0 

32 
Q) 

II: 

c> 

'" 

• 
0"> 

.>0: 

PCB CONTAMINATION HI 

magnitude and direction of PCB discharge through 
Coggeshall St. bridge over the 10-year period. The 
extrapolation procedure would be improved by using a set 
of statistically determined hydrodynamic forcing 
conditions, as suggested by McAnally et al. (1988) . 
Despite these shortcomings, the model is still a useful 
tool to perform comparative evaluations of remedial action 
alternatives. 

~aknowledgements 

This work was made possible by the financial support of 

EBASCO Services, Inc. (Subcontract No. 4236-MOD-0019) and 

the EPA (Interagency Agreement DW 89-93103-01-5) . 


Although the work described herein has been funded in part 
by the EPA, it has not been subjected to EPA review and, 
therefore, does not necessarily reflect the views of EPA 
and no official endorsement should be inferred . 

References 

Bopp, R.F. 1983. "Revised Parameters for Modeling the 

Transport of PCB Components Across an Air Water 

Interface." J. Geophys Res. 88:2521-2529. 


Butman, B, R. Signell, P. Shoukimas, and R.C. Beardsley. 

1988. Current Observations in Buzzards Bay. 1982-1986. 

U.S. Geological Survey Open File Report 88-5. 

Grant, W.D., and O.S. Madsen. 1979. "Combined Wave and 

Current Interaction With a Rough Bottom." J. Geophys. Res. 

84:1797-1808. 

McAnally, W.H., J.V. Letter, and B.P. Donnell. 1988. "Two

Dimensional Numerical Modeling for Long-Term 

Sedimentation." In Proceedings of the 1988 ASCE Hydraulic

Engineering Conference. 

Onishi~ Y., and D.S: Tren~. 1982. ~~;eeT~t~;~~ ~I~ulatjon
Qf Sedl.ment and Radwnuchde Trans a . s. 
NUREG/CR 2423. U.S. Nuclear Regulatory Commission,
Washington, D.C. 

Teeter, A.M. 198~. S7diment and cont~m*~~g~.c;fr~~;!;
Transport Iovestl.gatl.oos. Report 2 ; l. t 
Series EL-88-15. USACE-WES-HL, Vicksburg, MisSissippi. 

T~ent, .D.S., ~nd L.L. Eyler. 1989. ~P9~a- ~ Three
Dl.mensl.onal Tl.me-Dependent Computer Pro m or 
Hydrothermal AnalysiS. PNL-4348, Pacific Northwest 
Laboratory, Richland, Washington. 

!! 

..0 

!! 

:;: 

..
.. 

to 
E.,
.c: 
t:: 

';' 
0 

~ 
~ ... 
~ 
5"u « 
0 
Z 

co 
~ 
E.,
.c: 

(l/ 
0"> 
"0 
'.-1 
I-< 
f1lt: 

•.-1 

+J(l/
"OCIlI-< 
(l/ 10 
f1l~ 
~m 

~IO"'"1O.c: Q) 
•.-1 m > 
U (l/ Q) 

·.-IO">H 
..... 0"> 
I-< 	 0 I-< 
~ U ~ g CIl 0 

t:+J 
0 

10 
~ 

~ « 
0 z 

C Q) C 
•.-1 (l/ 0 

m+J 
~u 

f1l Q)
Uf1l(l/ 
0.. 0"> 

"0"0 
..... (l/'.-I 
o 	 +J I-< 

«J f1l 
m U 


	RETURN TO 1998 ROD AR INDEX: 


