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APPENDIX B 

Description of Changes in Modeling Evaluation for ESA 

As required by the Permit, GE applied the PCB fate, transport, and bioaccumulation model 
developed by EPA in its evaluation of sediment alternatives SED 1 through SED 8 during 
the CMS.  The methodology used in the application of the model was described in Section 
3.2 of the CMS Report.  This same methodology will be used for the model simulation of the 
ESA, with a few slight modifications due to the nature and design of this alternative.  
Specifically, the ESA differs from the other alternatives in the following ways:   

• First, in Reach 5A, sediment removal would be conducted in certain portions of this 
reach, based on the criteria described in Section 2.1.2 of this Work Plan, rather than 
throughout the reach.  Thus, unlike the other alternatives, the ESA contains alternating 
areas of active remediation and monitored natural recovery (MNR) within a single 
subreach.  

• Second, with respect to the sediment removal in Woods Pond, the ESA is the only 
alternative where sediment removal would not be followed by placement of backfill or 
an engineered cap and where only a portion of Woods Pond would be subject to active 
remediation, with the remainder subject to MNR.   

In these circumstances, in order to properly simulate this alternative, GE proposes the 
following changes to the modeling methodology. 

Reach 5A 

As described in Section 2.1.2 of this Work Plan, the ESA involves sediment remediation in 
select portions of Reach 5A.  These remediation areas are shown on Figures 2-1a and 2-
2a.  As discussed in the CMS Proposal, simulation of sediment remediation within the main 
river channel of the PSA in the model is most appropriately specified over approximate ¼- 
to ½-mile subreaches, which correspond to the limits of the model’s spatial accuracy.  
During the development of the PSA model, EPA identified specific ¼- to ½-mile 
subreaches, called “spatial bins” (see CMS Report Figure 3-14a for definition of spatial bins 
in the PSA).  EPA averaged the sediment PCB data in these spatial bins to develop initial 
conditions for the model and also averaged model predictions of sediment PCB 
concentrations over the same spatial bins to calibrate the model.  As such, the size of these 
spatial bins represents the finest scale at which the model can be used to evaluate 
sediment processes and, consequently, the smallest remedial units reasonably simulated 
by the model within the main channel of the PSA.  While the ESA remediation areas do not 
exactly match the spatial bins specified by EPA (see Figure B-1), all of the ESA removal 
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areas within Reach 5A are of the same scale as the EPA spatial bins (i.e., at least ¼- to ½-
mile long segments); therefore, they represent the appropriate size of a remedial unit.  
Thus, for the model simulation of the ESA, these remediation areas will be mapped directly 
on to the PCB fate and transport model grid to specify which model grid cells will be 
remediated under this alternative (see Figure B-1).1    

Woods Pond 

As described in Section 2.1.2 of this Work Plan, remediation in Woods Pond under the ESA 
involves the removal of 2.5 feet of sediment (with no replacement backfill or cap) in portions 
of the Pond containing PCB concentrations generally greater than 13 mg/kg in the top 6 
inches.  This area of Woods Pond is shown on Figures 2-1b and 2-2b.  The computer code 
developed by GE to allow application of EPA’s model to simulate remediation during the 
CMS (documented in GE’s May 2007 code revision memo; QEA, 2007) does not include 
simulating sediment removal without subsequent replacement using either backfill or cap 
material.  In order to use the model to evaluate the ESA, the remediation code was modified 
to simulate the removal of sediment to a specified depth without replacement.  This code 
change involved removing the appropriate number of model bed layers corresponding to 
the specified depth of removal and then reordering the remaining model bed layers so that 
the top layer now corresponds to the new post-removal bed elevation. The modified model 
code is included as Attachment B-1 to this Appendix.2  

As noted above, since the ESA does not include capping or backfilling after removal, it 
results in deeper bed layers in the model becoming the new sediment bed surface following 
remediation.  Therefore, an additional consideration in setting up the model simulation of 
the ESA is the reasonableness of using the Woods Pond sediment PCB concentrations at a 
depth of 2.5 feet predicted by EPA’s model at the end of the validation period as the initial 
conditions for the model projections runs.  Comparison of PCB data collected at this depth 
by EPA in 1998 and 1999 with predicted PCB concentrations at the end of the model 
                                                      

1  Given this approach of remediating select portions of Reach 5A that do not correspond directly to the 
spatial bins, and given that model-predicted sediment concentrations were calibrated to data-based 
averages within each spatial bin, an assessment was conducted to determine whether the model-based 
post-remediation average sediment PCB concentration in this reach is comparable to that calculated 
based on the data (using the most recent, 1998-99 EPA sediment data set).   This comparison indicated 
that both the model-based post-remediation reach-average sediment PCB concentration and the post-
remediation average calculated based on the data are approximately 9 mg/kg.  This comparison 
confirms the reasonableness of this approach. 
2   That modified model code also includes modifications to account for the fact that SED 9 would 
involve, in the shallow areas of Woods Pond, sediment removal followed by installation of a cap that is 
thinner than the depth of removal (i.e., below the original grade), thus resulting in a change in the 
bathymetry of the pond (like the ESA).  This change is described in Attachment B-1 and discussed 
further in Appendix C to the foregoing Work Plan.      
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validation period (1979-2004) at a similar depth indicates a significant disparity between the 
data and the model-predicted concentrations in the portion of Woods Pond subject to 
removal under the ESA.  Specifically, the data-based average PCB concentration in this 
portion of the Pond at a depth of 2.5 feet is approximately 5 mg/kg while the model-
predicted average PCB concentration in this same area and depth is approximately 17 
mg/kg, approximately three times higher than the data-based concentration.  This disparity 
is understandable because the EPA model calibration effort was focused on surface 
sediment PCB data (i.e., 0-6 inches).  For example, Figure 3.5-21 in the EPA Final Model 
Documentation Report (FMD; EPA, 2006) shows the comparison between the EPA model 
predictions and sediment data collected in the top 6 inches of sediment in Woods Pond; no 
such model-data comparisons of sediment PCBs are presented for depths below 6 inches.  
EPA’s lack of calibration to data for the deeper sediment layers in Woods Pond did not 
impact the previously simulated alternatives because Woods Pond is a largely depositional 
environment (i.e., deeper sediment layers would likely not be exposed via sediment 
erosion), and because fish simulated by the Food Chain Model are only exposed to surficial 
sediments.  However, model-predicted PCB concentrations in deeper sediment layers 
become important for the ESA since these deeper sediments would be exposed at the 
surface following remediation.  Therefore, to resolve this difference in the model, the initial 
conditions for sediment PCB concentrations in the portion of Woods Pond subject to 
removal will be adjusted to match the data-based average of 5 mg/kg.   It should be noted 
that this average PCB concentration for a depth of 2.5 feet in this portion of the Pond is 
consistent with the Pond-wide average concentration at this depth noted in the RFI Report 
(see Figure 4-10b and Table 4-8; BBL and QEA, 2003). 

Finally, a similar disparity was found to exist between the data and the surface sediment 
PCB concentrations predicted by the model at the end of the validation period for the 
portion of the Pond that would not be subject to removal under the ESA.  As with the 
deeper sediments, this disparity calls into question the reasonableness of using the results 
from the validation model run as initial conditions for the model projection runs at this scale.   
As described in Section 2.1.2 of this Work Plan, the portion of the Pond selected for 
removal under the ESA is an area containing PCB concentrations shown by the data to be 
generally greater than 13 mg/kg in the top 6 inches, while the data in the remaining portion 
of the Pond (which would be subject to MNR) generally show PCB concentrations that are 
at or below this level (see Figure B-2a).  However, the model-predicted average surface 
sediment PCB concentration in this portion of the Pond is 41 mg/kg – approximately six 
times higher than the data-based average (7 mg/kg) in this portion of the Pond.  This 
difference is not unexpected because surface sediment PCB concentrations predicted by 
the EPA model at the end of the model validation are fairly heterogeneous across the Pond 
(see Figure B-2b).  This heterogeneity in the model-predicted sediment PCB concentrations 
throughout Woods Pond stems from the fact that there are spatially varying deposition rates 
throughout the Pond.  The model was not calibrated by EPA to achieve data-based PCB 
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levels in discrete areas of the Pond; rather it was calibrated to achieve a Pond-wide 
average concentration.  In this situation, because the data in the portion of the Pond subject 
to MNR show lower PCB concentrations than those currently predicted by the model at the 
end of the validation period (as can be seen by comparing the data with the modeled 
concentrations for that portion of the Pond, as shown on Figure B-2), the 0-6” sediment 
PCB concentrations in that portion of Woods Pond under the ESA will also be adjusted in 
the model to match the data-based average of 7 mg/kg for simulation of the ESA.   
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ATTACHMENT  B‐1  
 

UPDATES TO EFDC REMEDIATION CODE 

 

INTRODUCTION 

As discussed in Section 3.2.4 of the Corrective Measures Study (CMS) Report, Anchor QEA (AQ; 
formerly QEA), on behalf of GE, developed computer code and model pre-processors (hereafter 
referred to as the “remediation code”) to represent the various in-river remediation technologies in 
the simulations conducted with the EFDC hydrodynamic, sediment transport, and PCB fate and 
transport model.  This code was developed in an attempt to improve the efficiency of model 
simulations of sediment remedial alternatives during the CMS.  A technical memorandum 
summarizing the remediation code (and a copy of the code itself) was transmitted to EPA on May 14, 
2007; the remediation code was conditionally approved by EPA on July 11, 2007.  In an attachment to 
that conditional approval letter, EPA included a document summarizing a number of comments it 
had on the remediation code that were subsequently addressed by GE. 

As noted in Appendix B to this Work Plan (Description of Changes in Modeling Evaluation for ESA), 
the ESA is the only remedial alternative where sediment removal would not be followed by 
placement of backfill or an engineered cap (in Woods Pond only).  In addition, as discussed in the 
Work Plan, the SED 9 alternative identified by EPA calls for sediment removal to a depth greater 
than the thickness of the cap – i.e., sediment removal to a depth of 3.5 feet followed by installation of 
a 1-foot cap.  Implementation of both of these alternatives would result in a change to the model 
bathymetry in Woods Pond.  The remediation code originally developed for the CMS model 
simulations (and transmitted to EPA) did not account for these types of remedial alternatives since 
removal under all previously evaluated alternatives was followed by subsequent cap or backfill 
placement to original grade.  As such, the remediation code has required modification for simulation 
of the ESA and SED 9.  This memorandum has been developed to document those code changes.  A 
separate email will be provided to EPA that contains the updated model subroutines described below. 
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CODE CHANGES 

As stated above, simulation of the ESA requires the ability to specify removal with no subsequent 
placement of backfill or an engineered cap; and simulation of SED 9 requires the ability to specify 
removal followed by placement of an engineered cap that has a thickness less than the depth of 
removal, resulting in an increased water depth.  To allow for these options, one existing remediation 
code subroutine within EFDC was modified (rembedctrl.for), and two new subroutines were developed 
(setlayrem_exact.for and remcalrls_exact.for): 

• rembedctrl.for:  This existing remediation code subroutine was modified to allow the capability of 
simulating removal without subsequent replacement, or removal followed by replacement with 
a cap that is thinner than the original removal depth (i.e., by adding calls to the two new 
routines listed below). 

• setlayrem_exact.for:  This new subroutine (called by rembedctrl.for) re-structures the bed 
layering to facilitate mechanical dredging in the wet without subsequent replacement, or 
mechanical dredging in the wet followed by replacement with a cap that is below the original 
grade, for a user-specified removal depth. 

• remcalrls_exact.for:  This new subroutine (called by rembedctrl.for ) computes the release rate of 
solids and PCBs during removal based on the specified dredge depth. 

 
These modified and newly added subroutines allow for changes in the post-remediation bathymetry 
that are associated with these alternatives.  Specifically, the sediment bed is split at the specified depth 
of removal at the beginning of remediation for a given grid cell.  This sediment bed layer re-structuring 
algorithm was developed to work specifically for removal depths that place the dredge cut within the 
bottom-most sediment bed layer in the EFDC model (which is the case for both the 2.5-ft and 3.5-ft 
removal depths specified for portions of Woods Pond under the ESA and SED 9, respectively); it was 
not developed to work generically for any specified removal depth.  Layers above the dredge cut are 
combined into one thick layer that is subsequently removed.  The remaining deeper layer of native 
sediment immediately beneath the dredge cut is further divided into two layers; the new surface layer 
has a thickness of 6 inches, while the remainder becomes the new bottom-most layer in the model.  
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As stated in the original remediation code memorandum, the main EFDC input file (EFDC.INP) 
contains two “Card Images” that were added as part of the remediation code development (C96 and 
C97) that control the options for sediment remediation.  C97 specifies options with regard to release 
rates and residual concentrations for each remedial technology.  Originally, there were two general 
types of active remediation technologies specified for the Housatonic River model:  (1) removal with 
replacement (TECHTYPE = -1); and (2) capping (TECHTYPE = 1).  A third option (TECHTYPE = 0) was 
also included in the code to allow the user to simulate bank removal/stabilization along with no action 
or MNR for the sediments of a given grid cell.  Now, to allow for removal that results in a change in the 
post-remediation bathymetry, two additional remediation technology types have been added: (a) 
TECHTYPE = -2 and REMTECH = WMCHNRPL for specification of removal with no subsequent cap 
or backfill placement; and (b) TECHTYPE = -3 and REMTECH = WMCHBF1FT for specification of 
removal followed by subsequent placement of a 1-ft cap).  An example of the remediation settings for 
these two options in EFDC.INP C97 is shown below: 

 

C97 REMTECH  TECHTYPE  RLSCF1   RSDCF1  RSDCF2    COMMENTS 

    WMCHNRPL   -2       0.02     0.01    0.000    REMOVAL IN WET (MECHANICAL) WITHOUT REPLACEMENT 

    WMCHBF1FT  -3       0.02     0.01    0.000    REMOVAL IN WET (MECHANICAL) WITH 1FT CAP 
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Figure B-1.
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 Figure B-2
Comparison of (a) surface 
sediment (0-6") PCB data 

and (b) surface sediment (0-6")
PCB concentrations in the model 

at the end of the validation 
period in Woods Pond.
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