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3. Approach to Evaluating Remedial Alternatives for Sediments/ 
Erodible Riverbanks 

This section provides additional details on the approach used to evaluate the ten alternatives 
for sediments and erodible riverbanks (SED 1 through SED 10).  Section 3.1 describes 
particular approaches used to conduct the detailed evaluations, such as defining areas of the 
River to be dredged versus areas to be capped, defining areas of the riverbank to be removed 
and/or stabilized, and establishing production rates used to estimate the length of time to 
implement an alternative.  Section 3.2 describes the use of EPA’s PCB fate, transport, and 
bioaccumulation model to predict the PCB concentrations in the sediment, water column, and 
fish in the area between the Confluence and Rising Pond Dam that would result from each of 
the remedial alternatives.  This section also describes the method used to evaluate the 
impacts of the remedial alternatives on the impoundments in the Connecticut portion of the 
River.  Section 3.3 describes the method for evaluating impacts of the sediment/riverbank 
remedial alternatives on certain geomorphic and hydrological parameters, such as natural 
erosion and lateral movement of the banks, bedload movement in the River, and water depth 
and velocity in the River.  Section 3.4 describes the method for evaluating impacts of post-
construction high-flow events on remediated areas (i.e., stability of backfill, engineered caps, 
etc.).  Section 3.5 describes the spatial scales and averaging methods used to compare 
model predictions of future water column PCB levels for each alternative to the applicable 
ambient water quality criteria, and to compare future sediment and fish PCB concentrations 
for each alternative with the IMPGs applicable to those media.  Section 3.6 discusses the way 
in which the model results were used to evaluate remedial alternatives, and the model output 
graphics used to support those evaluations.  Section 3.7 describes the approach to post-
construction monitoring and maintenance, and Section 3.8 discusses the approach to 
consideration of institutional controls. 

3.1 Details Regarding Remedial Alternatives 

This section provides additional details, beyond the descriptions in the CMS Proposal and the 
2009 Work Plan, on specific analyses that were needed to develop and conduct a detailed 
evaluation of remedial alternatives.  These details include spatial delineation of areas for 
removal and/or capping in reaches where a combination of these technologies was 
considered, description of where specific removal techniques (e.g., dry versus wet 
excavation) would be applied for each alternative, specification of the parameters (including 
depths) assumed for the capping technologies, the selection of riverbank removal/stabilization 
areas and techniques, dewatering techniques anticipated to be utilized for removed materials, 
the estimated times required for completion of each alternative, and the procedures used for 
calculating volumes and areas for each alternative. 
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3.1.1 Spatial Delineation of Sediment Remedial Areas 

As previously noted, the ten remedial alternatives for addressing sediments and erodible 
riverbanks containing PCB are summarized, by reach, in Table 1-1.  Eight of those 
alternatives include sediment removal and/or capping (SED 3 through SED 10).  For these 
alternatives, the evaluation usually assumed that the same remedial technology would be 
applied throughout an entire reach or subreach, as described in Table 1-1.  In some cases, 
however, river conditions led to consideration of combinations of remedial technologies within 
a single reach or subreach.  In those cases, additional criteria were used to define where a 
particular remedial technology would be applied within that reach or subreach.   

The following discussion summarizes each of the eight sediment remediation alternatives that 
includes removal and/or capping and then describes, for each, the criteria used to determine 
where each technology would be applied within each reach or subreach when combinations 
of remedial technologies were specified.  This discussion focuses on the remediation of 
sediments, since all of these alternatives include stabilization of all riverbanks in Reaches 5A 
and 5B with removal of bank soils where appropriate, except for SED 10, which involves such 
riverbank stabilization and bank soil removal in only portions of those subreaches.  The 
riverbank stabilization techniques are described separately in Section 3.1.4.  Figures showing 
the remedial technologies that would be used have been included in the detailed descriptions 
of the sediment alternatives in Section 6.  (In this CMS Report, the term “capping” refers to 
engineered capping; thin-layer capping is identified separately.  Also, the term “removal” 
refers to removal followed by capping to grade except where otherwise indicated.)  

SED 3 – Sediment removal in Reach 5A, MNR in Reach 5B, a combination of thin-layer 
capping and MNR in Reach 5C, thin-layer capping in Woods Pond, and MNR for the 
remainder of the River. 

For SED 3, a single remedial technology would be applied in each subreach (as described in 
Table 1-1), with the exception of Reach 5C.  In Reach 5C, where a combination of thin-layer 
capping and MNR would be applied, thin-layer capping was specified for the lower portion of 
the subreach corresponding to the last two “spatial bins” in this subreach (a distance of 
approximately 1.5 miles).34  The basis for the specification of a thin-layer cap in this area was 
that the last two spatial bins exhibited markedly higher PCB concentrations than the 
remaining portion of the subreach. 

                                                      

34  In the development of the model, EPA divided the River within the PSA into “spatial bins,” which are 
approximate ¼- to ½-mile sections, over which the sediment PCB data were averaged. The “spatial bin” 
averages were then used by EPA in model calibration and validation to assign sediment initial conditions 
and to make model-data comparisons.  These same “spatial bins” were used in the CMS. 
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SED 4 – Combination of sediment removal, capping, and thin-layer capping from 
Confluence to Woods Pond Dam.  This alternative involves the same elements as SED 
3 with the addition of a combination of sediment removal and thin-layer capping in 
Reach 5B and Woods Pond, capping in portions of Reach 5C, and thin-layer capping in 
portions of the backwaters. 

With the exception of Reach 5A, SED 4 includes multiple remedial technologies within four 
subreaches (i.e., Reaches 5B and 5C, Reach 5 backwaters, and Woods Pond; see Table 1-
1): 

• Reach 5B:  In this subreach, a combination of 2-foot removal and thin-layer capping 
would be applied under this alternative.  The split between removal and thin-layer capping 
was specified based on both water depth and flow velocity, with the lower portion of the 
subreach (e.g., downstream of New Lenox Road) exhibiting generally greater water 
depths and lower flow velocities -- which result in lower potential for sediment 
resuspension.  Based on these conditions, a thin-layer cap was judged suitable for the 
area corresponding to the last three spatial bins within the subreach (a distance of 
approximately 1 mile), and 2-foot removal was specified for the upper portion. 

• Reach 5C:  In this subreach, a combination of thin-layer capping and capping (without 
prior removal) would be applied under this alternative.  While physical conditions 
throughout the subreach were judged amenable to thin-layer capping, specification of 
capping areas was based on consideration of water depth as well as the differences in 
PCB concentrations within the subreach.  Thus, thin-layer capping was specified to occur 
in the upper four spatial bins (a distance of approximately 1.5 miles), which generally 
have lower PCB concentrations and relatively shallower water depths; capping (without 
prior removal) was specified to occur in the last two spatial bins (a distance of 
approximately 1.5 miles), which have higher concentrations (as discussed above) as well 
as relatively deeper water depths and lower flow velocities. 

• Reach 5 Backwaters:  Within these backwater regions (as shown on Figure 1-1), a 
combination of thin-layer capping and MNR would be applied.  Those backwaters having 
generally higher PCB concentrations (i.e., defined as 15 mg/kg or higher based on the 
area-weighted average 0- to 6-inch concentration in the EPA model at the end of the 
validation period) were specified to have a thin-layer cap. 

• Woods Pond:  Within this reach, a combination of 1.5-foot removal/capping and thin-layer 
capping would be applied under this alternative.  For SED 4, a thin-layer cap would be 
applied over the “deep hole” portion in the southeastern half of Woods Pond, while 
removal/capping would be performed in the remaining shallower areas. 
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SED 5 – Combination of additional sediment removal and capping to Woods Pond Dam 
and thin-layer capping in Rising Pond.  This alternative involves the same elements as 
SED 4 with additional removal in Reaches 5B (removal for the entire subreach) and 5C, 
capping alone in a portion of Woods Pond, and thin-layer capping in Rising Pond. 

SED 5 would use multiple remedial technologies within three subreaches (i.e., Reach 5C, 
Reach 5 backwaters, and Woods Pond; see Table 1-1): 

• Reach 5C:  In this subreach, a combination of 2-foot removal and capping alone would be 
applied.  Similar to the spatial segmentation used for this subreach in SED 4, the removal 
was specified to occur in the upper four spatial bins exhibiting shallower water depths and 
higher flow velocities, while capping alone was specified to occur in the last two spatial 
bins.  Each of these stretches comprises a distance of approximately 1.5 miles. 

• Reach 5 backwaters:  Same as defined for SED 4 above. 

• Woods Pond:  Within this reach, a combination of 1.5-foot removal and capping alone 
would be applied.  For SED 5, the cap (without prior removal) would be installed over the 
“deep hole” portion of Woods Pond, and removal would be performed in the remaining 
shallower areas. 

SED 6 – Combination of sediment removal and capping for the entire River from the 
Confluence to Woods Pond Dam and a combination of capping and thin-layer capping 
in the Reach 7 impoundments and Rising Pond.  This alternative involves the same 
elements as SED 5 with additional removal in Reach 5C and the backwaters, thin-layer 
capping in the Reach 7 impoundments, and a combination of capping and thin-layer 
capping in Rising Pond. 

For SED 6, a single remedial technology of 2-foot removal would be used throughout the 
Reach 5 main channel (i.e., subreaches 5A, 5B, and 5C; see Table 1-1), and a single 
remedial technology of thin-layer capping would be applied in the Reach 7 impoundments 
(defined as the impounded areas directly upstream of Columbia Mill Dam, the former Eagle 
Mill Dam, Willow Mill Dam, and Glendale Dam).  A combination of technologies would be 
applied in Reach 5 backwaters, Woods Pond, and Rising Pond: 

• Reach 5 backwaters:  Under SED 6, a combination of 1-foot removal and thin-layer 
capping would be applied in the backwaters.  For this alternative, areas with sediments 
containing PCBs > 50 mg/kg were identified for removal to a depth of 1 foot, while 
sediments containing PCBs between 1 and 50 mg/kg would be covered with a thin-layer 
cap.  To support most of the detailed evaluations of SED 6 presented in Section 4 (e.g., 
estimation of removal volumes and thin-layer capping acreages), removal and thin-layer 
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capping locations were delineated based on sampling data collected in the backwaters 
(represented by Thiessen polygons of 0- to 12-inch PCB data).  However, for simulating 
the remediation of backwaters under SED 6 in the model, delineation of areas for 
removal/thin-layer capping was based on the model’s simulated concentrations at the 
start of the projections.35 

• Woods Pond:  Same as defined for SED 5 above. 

• Rising Pond:  For SED 6, a cap (with no removal) would be applied in the “deep” portion 
of the Pond, and a thin-layer cap would be applied in the remaining “shallow” areas.  The 
“deep” portion of Rising Pond was defined as areas that correspond to the former river 
channel, and was delineated based on existing bathymetry data. 

SED 7 – Combination of sediment removal (with capping or backfill) for the entire River 
from the Confluence to Woods Ponds Dam and a combination of removal and thin-
layer capping in the Reach 7 impoundments and Rising Pond.  This alternative 
involves the same elements of SED 6 with additional (deeper) removal in Reaches 5A 
and 5B, the backwaters, and Woods Pond, and sediment removal in portions of the 
Reach 7 impoundments and Rising Pond. 

For SED 7, a single remedial technology would be used in each subreach where removal 
and/or capping would occur (as defined in Table 1-1), with the exception of the Reach 5 
backwaters, Woods Pond, Reach 7 impoundments, and Rising Pond: 

• Reach 5 backwaters:  Same as defined for SED 6, except that under SED 7, sediments 
containing PCBs greater than 10 mg/kg would be removed to a depth of 1 foot, and 
sediments containing PCBs between 1 and 10 mg/kg would be covered with a thin-layer 
cap. 

• Woods Pond:  Same as defined for SED 5 and SED 6, except that the removal in shallow 
areas of the Pond would be increased to 2.5 feet. 

                                                      

35  The areas delineated for removal/thin-layer capping based on the data assessment used to estimate 
removal volumes and capping areas for this alternative are different from the areas of removal/thin-layer 
capping specified in the model.  This is due to differences between the PCB concentrations specified in 
the model and the sampling data at the small scale of an individual backwater.  For example, during 
model development, PCB concentration data in the backwaters were averaged to develop model 
sediment initial conditions; as a result of this averaging, there are no backwaters in the model that 
contain PCB concentrations greater than 50 mg/kg (while there are individual data points collected in 
backwaters with concentrations greater than 50 mg/kg).  Note that if such an alternative were selected, 
the actual areas with PCB concentrations above 50 mg/kg and between 1 and 50 mg/kg would be 
determined based on data collected during design. 
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• Reach 7 impoundments:  In these areas, sediments having PCB concentrations greater 
than 3 mg/kg would be removed to a depth of 1.5 feet, and sediments containing PCBs 
less than 3 mg/kg would be thin-layer capped.  For SED 7, the delineation of areas for 
removal and thin-layer capping in these impoundments was based on the same approach 
used for backwater areas in SED 6 described above.   That is, Thiessen polygons 
generated from the 0- to 12-inch sampling data were used for estimating removal 
volumes and capping acreages, whereas for the model simulations, the grid cells 
specified for removal/capping were delineated based on the model predictions at the end 
of the validation period.  As discussed previously for the backwaters, this different 
methodology was used in the model simulations because the model’s predictions in 
Reach 7 are not accurate at a scale that is smaller than an individual impoundment. 

• Rising Pond:  Under SED 7, the “shallow” portion of the Pond containing sediments 
greater than 3 mg/kg would be removed to a depth of 1.5 feet, and sediments containing 
PCBs less than 3 mg/kg would be thin-layer capped.  A cap would be applied over the 
deep portion of Rising Pond.  As with SED 6, the “deep” portion of Rising Pond was 
defined as areas that correspond to the former river channel, and was delineated based 
on existing bathymetry data.  Within the “shallow” region, the delineation between 
removal and thin-layer capping areas used the same concentration-based approach 
described above for the Reach 7 impoundments. 

SED 8 – Removal of all sediments from the main channel and backwaters of the River 
between the Confluence and Woods Pond Dam, from the Reach 7 impoundments, and 
from Rising Pond, with the depth of removal set as the depth to which PCBs above 1 
mg/kg are estimated to occur (referred to as the 1 mg/kg depth horizon). 

Under SED 8, as shown in Table 1-1, a single remedial technology would be used in each 
individual subreach to be remediated (i.e., removal to a depth corresponding to the 1 mg/kg 
horizon).  The depth of the 1 mg/kg horizon in each reach was estimated based on the 
available sediment data.36  For the CMS evaluations, the average depth to the 1 mg/kg PCB 
horizon within each reach was defined as listed in Table 3-1 below. 

                                                      

36  In some reaches or subreaches, the sediment PCB data at depth are limited, and as such there is 
uncertainty in these estimates.  If such an alternative were selected, the actual depth to the 1 mg/kg 
PCB horizon in each reach and subreach would be based on data collected during design. 
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Table 3-1 – Depth to 1 mg/kg PCB Horizon Used for Removal Depths in SED 8 

Reach Depth (feet) 

Reach 5A 4 

Reach 5B 3.5 

Reach 5C 3 

Reach 5 backwaters 37 2 to 3 

Woods Pond 6 

Reach 7 impoundments 2 

Rising Pond 7 

SED 9 – Combination of sediment removal and/or capping for the entire River from the 
Confluence to Woods Pond Dam, the Reach 7 impoundments, and Rising Pond, with 
variable depths of removal/capping. 

SED 9 would involve removal of sediments to a depth of 2 feet in each of Reaches 5A and 5B 
using wet mechanical excavation techniques – excavation equipment operating from a road to 
be built on the bottom of the river channel in Reach 5A and barge-mounted mechanical 
dredging equipment in Reach 5B – followed by capping.  The remediation in other reaches 
would involve the following combinations of techniques or depths: 

• Reach 5C:  Sediments would be removed to a depth of 2 feet in shallow areas and 1.5 
feet in deeper areas.  Similar to the spatial segmentation used for this subreach in SED 4, 
2-foot removal was specified to occur in the upper four spatial bins exhibiting shallower 
water depths, while 1.5-foot removal was specified to occur in the last two deeper spatial 
bins.  Each of these stretches comprises a distance of approximately 1.5 miles. 

• Reach 5 backwaters:  Areas with PCB concentrations greater than 1 mg/kg would be 
remediated as follows: (a) where the water depth is greater than 4 feet, a cap would be 
installed without removal; and (b) where the water depth is less than 4 feet, sediments 

                                                      

37 A removal depth of 3 feet was estimated for larger backwaters (> 2 acres) based on available data 
from those areas.  For smaller backwaters (< 2 acres in size), the data were too limited to support 
estimation of the 1 mg/kg depth horizon.  For these backwaters, a removal depth of 2 feet was specified 
based on the reasoning that these areas tend to have less hydraulic communication with the main 
channel and would be expected to be less subject to PCB deposition.  Nevertheless, the effect of using a 
3-foot removal depth in smaller backwaters is also discussed in the detailed evaluation of this alternative 
presented in Section 6.8. 
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would be removed to a depth of 1 foot and a 1-foot cap would be placed to grade.  
Available water depth data have been used to delineate the removal/capping locations in 
backwaters; in areas where water depth information is unavailable, it has been assumed 
that water depths are less than 4 feet.  Based on this approach, it has been determined 
(or assumed) that water depths in nearly all of the backwater areas are less than 4 feet, 
with only approximately 3 acres of backwaters having data indicating water depths 
greater than 4 feet. 

• Woods Pond:  Sediments would be removed in shallow areas of the Pond to a depth of 
3.5 feet and a 1-foot cap would be installed in those areas such that an increase in water 
depth of 2.5 feet is achieved after the placement of the cap.  In the “deep hole” portion of 
the Pond, sediments would be removed to a depth of 1 foot and a 1-foot cap would be 
installed to grade. 

• Reach 7 impoundments and Rising Pond:  In these impoundments, in areas having 
higher bottom shear stress, sediments would be removed to a depth of 1.5 feet and a cap 
would be placed to grade; in areas of lower shear stress, sediments would be removed to 
a depth of 1 foot and a cap placed to grade.  The shear stress analysis used to 
distinguish these areas is presented in Appendix F.  Based on this analysis, 
approximately 34 acres of these impoundments have been characterized as having 
relatively high shear stresses, and 45 acres have been characterized as having lower 
shear stress. 

In addition, in response to EPA’s January 15, 2010 conditional approval letter for the 2009 
Work Plan, SED 9 assumes that sediment removal in Woods Pond, the Reach 7 
impoundments, and Rising Pond would be performed concurrently with remediation in the 
Reach 5 channel, but that capping in those impoundments would be delayed until after the 
Reach 5 channel remediation has been completed.38  EPA’s letter indicated that, in this 
situation, the removal depths in the downstream impoundments should be increased to 
account for estimated sedimentation that would occur in those impoundments during the 
period between removal and capping.  However, an analysis presented in Appendix F shows 
that, during the periods when those impoundments would be uncovered, the amount of 
sediment deposited in them would be small (less than one inch in 5 of the 6 impoundments 
and 1.5 inches in the other) and well within the anticipated accuracy and allowable dredge 
depth tolerances of current dredging equipment, and that therefore it is not necessary to 

                                                      

38  SED 9 also assumes that removal and capping in the Reach 5 backwaters would be conducted 
concurrently with removal and capping the in Reach 5 channel (as is the case with other sediment 
alternatives as well), so that backwater remediation would not cause any delay in the overall project 
schedule. 
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increase the removal depths in those impoundments under SED 9 to account for 
sedimentation between removal and capping.  

SED 10 – Removal of sediments to a depth of 2 feet in portions of Reach 5A that have 
been selected to avoid or minimize the ecological harm to sensitive habitats within the 
Rest of River area, and removal of sediments to a depth of 2.5 feet in portions of 
Woods Pond that contain elevated PCB concentrations.39 

As described in the 2009 Work Plan, a combination of sediment removal and MNR would be 
applied under this alternative.  Specifically: 

• Reach 5A:  Sediments would be removed to a depth of 2 feet in certain portions of the 
river channel based on criteria described in the Work Plan (and summarized in the 
description of the SED 10 in Section 6.10), rather than throughout the entire subreach.  
Thus, unlike the other alternatives described above, SED 10 contains alternating areas of 
sediment removal and MNR within a single subreach. 

• Woods Pond:  Sediments in the top 2.5 feet in the portions of the Pond that have been 
shown by the 0- to 6-inch sampling data to contain PCB concentrations generally greater 
than 13 mg/kg would be removed.  To allow an increase in water depth in these areas of 
the Pond, no cap or backfill materials would be placed in the removal areas.  The 
remainder of the Pond would be subject to MNR. 

3.1.2 Sediment Removal Technique Selection 

Different conditions in particular areas of the River indicate the need to apply different 
approaches for the removal and capping or backfilling of sediments (where specified in the 
alternatives).  It is necessary to specify which approach will be used in order to simulate the 
alternatives with the EPA model.  For CMS purposes, the selection of the technique for 
sediment removal and capping/backfill in each reach and alternative considered a number of 
factors (e.g., ease of access, channel geometry, hydraulic characteristics, and geography) as 
discussed below.   

                                                      

39  SED 10 also involves stabilization (including bank soil removal where appropriate) of the banks 
adjacent to the sediment removal areas in Reach 5A, as well as bank stabilization/soil removal on select 
riverbanks in Reach 5B.  The riverbank stabilization techniques for SED 10, as well as SED 3 through 
SED 9, are described in Section 3.1.4. 
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3.1.2.1 Reaches 5A and 5B 

For purposes of the Revised CMS, removal and cap/backfill placement in Reaches 5A and 5B 
were assumed to be performed mechanically in the dry for SED 3 through SED 8 and SED 10 
in areas where such removal would be conducted.  In these subreaches, a relatively narrow 
and consistently shaped channel, relatively shallow water depths, availability of potential 
access, and the ability to construct access roads along the riverbanks allow for the use of 
sheetpile diversion walls to create isolated work cells which could be dewatered to allow 
excavation in the dry.  Although water velocities are relatively high at times in these reaches, 
they are not so high as to preclude the use of this technique.  Cap/backfill material was 
assumed to be placed in the dry as well, using similar equipment. 

The design and construction of the sheetpile system that would be used for work in the dry 
would incorporate site-specific conditions to determine the appropriate sheet lengths, sheeting 
configuration, gauge, and depth of embedment.  The following steps would be performed to 
obtain the information necessary for sheetpile design: 

• Perform pre-design investigations (i.e., sediment/soil borings), including laboratory testing 
using ASTM international standards, as needed to understand the geotechnical 
properties of the areas where sheetpiles would be installed (e.g., sub-surface 
stratigraphy, grain size, blow counts, in-situ strength), so as to evaluate the feasibility of 
installation, drivability, and/or appropriate gauge of sheeting.  Data collected would 
provide information for the calculation of lateral earth pressures, estimated deflection of 
the sheeting, and the factor of safety against rotational failure.  

• Evaluate the anticipated water depths in the area of removal (and desired degree of flood 
protection), as well as the adjacent depth of the removal, to estimate length, embedment, 
and potential bracing requirements for sheeting, if necessary. 

• Identify any obstructions that may require modifications to the designed location and/or 
gauge of sheeting.   

Upon completion of the pre-design investigation activities, the data collected would be 
provided to the selected Remediation Contractor for the design of appropriate sheeting 
systems and configurations (e.g., braced or unbraced, steel sheet gauge) to facilitate 
sediment removal in the dry.  In all cases, an appropriate factor of safety for these types of 
systems, in accordance with standard engineering practices, would be utilized as part of the 
design. 

In addition, identification of potential subsurface obstructions during the pre-design 
investigation would be considered as part of the sheeting system configuration.  In areas 
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where obstructions are identified, alternative means of isolation may be considered in an 
effort to limit the impact of obstructions on the overall sheeting system.    

For SED 9, at EPA’s direction, sediment removal in Reaches 5A and 5B was assumed to be 
performed in the wet with mechanical excavation equipment operating from within the channel 
to minimize the need for access roads along the riverbanks.  Since average water depths in 
Reach 5A (i.e., typically less than 3 to 4 feet) make the use of barges infeasible, it has been 
assumed that sediment excavation in this subreach would be performed by mechanical 
excavation and transport equipment operating from the channel bottom while water continues 
to flow in the River.  As discussed in the description of SED 9 in Section 6.9.1, EPA has 
suggested a sediment excavation/capping approach that would involve the following 
components:  (a) constructing an elevated roadway in the River (as operations proceed from 
upstream to downstream) which could consist of riprap/backfill that would subsequently be 
used as capping material; (b) installing turnarounds on the roadway as necessary to allow 
two-way traffic; (c) using that roadway to conduct sediment excavation, followed by capping, 
as operations proceed; and (d) using transport equipment that has a rotating cab so that 
traveling in reverse is not necessary.40  While the feasibility of this approach is unproven and 
many of the details are uncertain, GE has assumed for purposes of the evaluations in this 
Revised CMS Report that the sediment removal and capping in Reach 5A under SED 9 
would involve components such as those suggested by EPA.41  In Reach 5B, since water 
depths (i.e., typically greater than 5 feet) are sufficient to allow for the use of barge-mounted 
conventional equipment, it has been assumed that such equipment would be used for 
removal.  

It has likewise been assumed for SED 9 that cap material in Reaches 5A and 5B would be 
placed in the wet as well using a similar approach and equipment to those described above.  

3.1.2.2 Reach 5C 

Removal in Reach 5C was assumed to be conducted mechanically in the wet for SED 5 and 
hydraulically in the wet for SED 6 through SED 9.  A relatively wide channel, deeper water 
depths, and limited access to certain riverbank areas make the use of sheetpile diversion and 
dry excavation impractical in this subreach.  Under SED 5, the remedial scenario in Reach 5C 
includes volumes and areas that are not sufficiently large to warrant consideration of hydraulic 

                                                      

40  These components were suggested by EPA in discussions relating to GE’s dispute regarding the 
production and resuspension rates for sediment removal in Reach 5A under SED 9 and in its response 
to GE’s Statement of Position on that dispute (attached to EPA’s June 10, 2010 decision on the dispute).  
See Section 6.9.1 for more details. 
41  In the event that SED 9 were selected, the specific method for conducting sediment removal and 
capping from within the river channel in Reach 5A would be evaluated and developed during design. 
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dredging; thus, removal was assumed to be conducted by mechanical equipment.  
Conversely, under SEDs 6, 7, 8, and 9, the remediation in Reach 5C includes removal 
throughout the entire reach, resulting in greater removal volumes over a larger contiguous 
area.  This makes hydraulic removal a more viable option for these alternatives.  Placement of 
cap/backfill material was assumed to be conducted mechanically in the wet in Reach 5C for 
all alternatives where removal activities would be performed. 

3.1.2.3 Reach 5 Backwaters 

For those alternatives involving removal in the Reach 5 backwaters (i.e., SEDs 6, 7, 8, and 9), 
it was assumed that removal in those areas would be conducted concurrently with and in the 
same fashion as the removal in the adjacent portion of the Reach 5 channel, since it would 
generally be more efficient to use the same technique in the Reach 5 backwaters than to 
mobilize different equipment for a different technique.  For SEDs 6, 7, and 8, it was assumed 
that backwater areas adjacent to Reach 5A or 5B would be hydraulically cut off from the main 
channel (using sheetpile diversion walls or other water diversion structures) and 
removal/backfill would be performed in the dry concurrent with similar activities in the channel.  
For SED 9, it was assumed that remediation in the backwaters adjacent to Reaches 5A and 
5B would be performed using the same in-water techniques used for sediment 
removal/capping in the adjacent section of the channel.  In Reach 5C, the relatively large 
open surface areas associated with the adjacent backwaters make the use of sheetpiling or 
other dewatering techniques generally impractical; and since these alternatives involve 
hydraulic dredging in the adjacent channel, removal in the backwaters was assumed to be 
performed by hydraulic dredging as well.  Similarly, as in the Reach 5C channel, any 
placement of cap/backfill material in the adjacent backwaters was assumed to be conducted 
mechanically in the wet.  

3.1.2.4 Reach 6 (Woods Pond) 

In Woods Pond, it was assumed for purposes of the evaluations herein that removal would be 
conducted in the wet.  Again, in this impoundment, the large open surface area, coupled with 
increased water depths in some areas, makes the use of sheetpiling diversion and dewatering 
techniques generally impractical.  Since SED 4, SED 5, and SED 10 include removal in only a 
portion of Woods Pond, barge-mounted mechanical excavation equipment was assumed for 
those alternatives.  Conversely, since SEDs 6, 7, 8, and 9 have increased volumes and areas 
to be addressed in Woods Pond as well as the adjacent Reach 5C, hydraulic dredging was 
assumed to be more viable for those alternatives.  Placement of cap/backfill material was 
assumed to be conducted mechanically in the wet in Woods Pond for all alternatives where 
such activities would occur. 
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3.1.2.5 Reach 7 Impoundments  

For the Reach 7 impoundments, it was assumed that removal would be conducted in the wet 
for the alternatives involving such removal (SEDs 7, 8, and 9).  In these impoundments, 
limited available access to the banks, higher flows, and deeper water depths make the use of 
sheetpile diversion and dewatering techniques impractical.  As sediment removal volumes in 
these impoundments are relatively smaller for SED 7 and SED 9, it was assumed that 
removal activities in the impoundments would be conducted mechanically in the wet for these 
alternatives, using barge-mounted mechanical excavation equipment.  Conversely, since SED 
8 has a larger removal volume over the entire area of the impoundments, removal in SED 8 
was assumed to be conducted using hydraulic dredging equipment.  For each of these 
alternatives, placement of cap/backfill material in the impoundments was assumed to be 
conducted mechanically in the wet. 

3.1.2.6 Reach 8 (Rising Pond) 

Since the large open surface area and deeper water depths in Rising Pond make the use of 
sheetpile diversion and other dewatering techniques impractical, it was assumed that removal 
in that impoundment would be conducted in the wet for those alternatives involving such 
removal (SEDs 7, 8, and 9).  Since SED 7 has a smaller removal volume in Rising Pond, 
removal was assumed to be conducted mechanically in the wet.  For SED 8 and 9, removal in 
Rising Pond was assumed to be conducted by hydraulic dredging, since those alternatives 
have sufficient volumes over a large, relatively open and contiguous area to make the use of 
hydraulic dredging equipment more viable.  For each of these alternatives, placement of 
cap/backfill material in Rising Pond was assumed to be conducted mechanically in the wet. 

3.1.3 Specification of Capping and Thin-Layer Capping Parameters 

The sediment alternatives described previously specify three types of capping and thin-layer 
capping scenarios: (1) capping following prior sediment removal; (2) capping alone (i.e., 
without prior removal); and (3) thin-layer capping.  The appropriate cap materials and 
thickness of materials to be placed for the cap and thin-layer cap would be determined during 
final design based on site-specific conditions, remedial objectives, and modeling efforts.  The 
applicable design process is described further below, along with the assumptions included for 
these scenarios for purposes of the Revised CMS Report.   

Capping design/construction for the Housatonic River would consider two main factors: 
chemical isolation and physical stability.  Design of the cap composition, dimensions, and 
thickness would conform to project specifications and would include plans to mitigate and 
monitor impacts during and after construction.  Palermo et al. (2002), in their section on “In-
Situ Cap Design and Construction,” recommend that, in developing a model to assess the 
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type of cap material and thickness of materials to be placed, six main parameters should be 
evaluated:  (1) available capping  material and its compatibility with contaminated sediment at 
the site; (2) potential for bioturbation of local benthic organisms; (3) potential for erosion at the 
capping site; (4) potential flux of sediment contaminants into the water column; (5) potential 
interactions and compatibility among cap components, including mixing and consolidation; 
and (6) operational considerations.  In accordance with this recommendation, GE would 
consider these parameters in designing caps for the Rest of River, and would conduct the 
following general steps for cap design: 

• Identify potential cap materials and assess their compatibility with contaminated sediment 
at the site. 

• Evaluate existing available information on benthic organism communities (and, if 
necessary, perform a survey of such organisms) to assess the bioturbation potential of 
the local bottom-dwelling organisms, and design a cap that will physically isolate the 
sediment from them, to the extent practicable. 

• Evaluate forces related to water velocities/currents, wave action, propeller wash (if 
applicable), and ice scour and design an armor system to protect the underlying cap 
components from potential erosion/scour due to those forces. 

• Evaluate the potential flux of PCBs from the underlying sediments to the water column 
and design an isolation layer component to reduce the flux of dissolved PCBs into the 
water column. 

• Perform an analysis of mixing, consolidation, and permeability to evaluate the potential 
interactions and compatibility among cap components. 

• Evaluate the impacts of the cap on flood storage capacity and, if necessary, develop 
steps to avoid a significant reduction in flood storage capacity.  

• Identify any operational considerations that may affect the ability to place the cap 
effectively or may require future restrictions on certain activities to ensure cap integrity. 

The above design steps would be performed in conjunction with the design objectives to 
determine the cap composition for each area.  Potential cap components could include a base 
stabilization layer/mixing zone, a base isolation layer, a bioturbation layer, a filter layer, and an 
armor layer.  Certain materials provide multiple functions.  For example, a 12-inch thick sand 
layer may provide a mixing zone, an isolation layer, and a bioturbation layer.  Additionally, 
each of the layers may not be needed in all areas.  For example, an armor layer may not be 
required in low energy areas such as backwaters.   
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Multiple cap components would not be required for thin-layer capping.  Thin-layer capping 
would include placement of a thin-layer of clean material over the existing sediment bed to 
enhance natural recovery.  Areas targeted for thin-layer capping were selected through 
evaluation of site-specific conditions, including areas with deeper water depths that are less 
prone to scour or impacts from high erosional forces and/or backwater areas that are 
depositional in nature and likewise not prone to erosion.  In this Revised CMS Report, the 
thin-layer cap has been assumed to include sand, except that, for modeling purposes, the 
material was assumed to be similar to the native materials.  The specific material used for 
thin-layer capping would be selected as a component of the final design, as necessary.   

For purposes of this Revised CMS Report, the thickness and type of material used in the 
evaluations differ among these three techniques, as described below: 

• Capping following prior removal:  Under SED 3 through SED 7 and SED 10, for the 
reaches and subreaches that would undergo sediment removal followed by cap 
placement, the thickness of the cap was specified to be the same as the depth of removal 
(i.e., it was assumed that the bed would be restored to its pre-remediation elevation).  In 
these cases, it was assumed that the cap would consist of 12 inches of sand (which may 
be amended by organic material to increase the TOC content), overlain by an armor 
stone layer of 6 to 12 inches, to bring the riverbed to the pre-removal elevation.42  For 
SED 9, the thickness and type of the caps to be placed following removal in Reaches 5A, 
5B, and 5C would be the same as described in the prior sentence.  However, in the 
shallow portions of Woods Pond, the thickness of the cap to be placed following removal 
would be less than the depth of removal (i.e., 3.5 feet of removal followed by placement of 
a 1 foot cap).  Also, in the backwaters, Woods Pond, the Reach 7 impoundments, and 
Rising Pond, at EPA’s direction, it was assumed that the caps would consist of a 6-inch 
active, or sorptive, layer (e.g., a layer containing organic material) and a 6-inch 
habitat/bioturbation layer – with the modification that, in areas of high shear stress in the 
Reach 7 impoundments and Rising Pond (where sediment would be removed to 1.5 feet), 
the cap would consist of a 6-inch active layer, a 6-inch sand layer, and a 6-inch armor 
stone layer.   

• Capping without prior removal:  As described in Section 3.1.1, capping alone is specified 
for several alternatives in areas with relatively low current velocities where the water 
depths can accommodate such a cap.  For those alternatives other than SED 9, the 
thickness of caps, when placed without prior sediment removal, was specified to be 18 

                                                      

42  For Reaches 5A and 5B under SED 7 and all reaches subject to removal under SED 8, it was 
assumed that the excavated areas would be returned to their prior grade through the placement of 
backfill material, rather than caps.  For these instances, the backfill was assumed to consist of sand and 
gravel similar to existing riverbed materials, with a thickness equal to the depth of excavation. 
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inches (nominally assumed to consist of 12 inches of isolation material and 6 inches of 
armor stone) for purposes of the evaluations herein.  For SED 9, capping without prior 
removal would occur only in the Reach 5 backwater areas where the water depth is 
greater than 4 feet.  In those areas, the cap was assumed to consist of a 6-inch active, or 
sorptive, layer and a 6-inch habitat/bioturbation layer.    

• Thin-layer capping:  For areas receiving a thin-layer cap in the sediment alternatives, the 
thin-layer cap thickness was assumed to be 6 inches.  The actual thickness of the thin-
layer cap would be determined during design. 

3.1.4 Riverbank Stabilization Techniques  

Following submittal of the June 2008 CMS Report and the Interim Response, GE has re-
evaluated the bank stabilization techniques described for SED 3 through SED 8 in the CMS 
Report and has also evaluated such techniques for SED 9 and SED 10.  The objective of this 
evaluation was to identify, in conceptual terms, potential bank stabilization techniques that 
would stabilize the banks and reduce erosion on a long-term basis while also reducing the 
adverse ecological impacts of the bank stabilization, where practical, to the extent consistent 
with effective stabilization.  As such, this evaluation focused on incorporation of a variety of 
bioengineering measures, to the extent practical and appropriate based on river conditions, in 
addition to traditional bank hardening methods.  It resulted in the identification of various 
combinations of bioengineering and traditional bank stabilization techniques that could be 
applied to the riverbanks in Reaches 5A and 5B under the various sediment alternatives.  
Application of this approach was illustrated in GE’s Supplement to Interim Response, which 
described bank stabilization techniques that could be applied to three of the example areas 
described in that Supplement.  This approach has now been expanded to all riverbanks in 
these subreaches.        

The conceptual bank stabilization measures that have been identified for Reaches 5A and 5B 
under SED 3 through SED 10 have been based on an initial visual assessment of bank 
conditions, as well as review of other existing information (e.g. aerial photographs, EPA 
transect data), to evaluate geomorphic characteristics and hydraulics affecting particular bank 
segments.  Since a detailed survey of the riverbanks in Reaches 5A and 5B was not 
conducted, the identification of bank stabilization measures in this Revised CMS Report is 
necessarily preliminary.  Those measures are subject to revision during design following 
selection of the Rest of River remedy and the subsequent performance of the necessary 
studies of fluvial geomorphology, hydrologic conditions, and bank conditions that would be 
needed to finalize appropriate bank stabilization measures. 

Appendix G describes the bank stabilization measures identified for application to Reaches 
5A and 5B and the basis for their selection.  That appendix includes a brief description of 
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pertinent geomorphic considerations, a description of the range of bank stabilization 
measures considered for application to these banks, and a discussion of the approach used 
for selection of particular techniques for different bank conditions.  It then presents the bank 
stabilization techniques identified for the various sediment alternatives. 

In summary, the stabilization techniques considered for application to these banks consist of 
both bioengineering techniques and hard engineering techniques.  Those techniques are 
listed in Table 3-2.  Bioengineering techniques include those that reduce the force of water 
against a riverbank by directing flow away from the banks and those that increase a bank’s 
resistance to the erosive force of water (NRCS, 2002).  Both of these types of techniques 
have as a primary objective the control and prevention of bank erosion while at the same time 
encouraging growth of vegetation on the bank consistent with the stabilization technique 
employed.  Further, the structures used to direct flow away from a bank or to increase a 
bank’s resistance to the force of water often will be made of natural materials such as logs, 
native rock, or coir fiber.  Controlling erosion can also be accomplished by reshaping a bank 
to have a reduced bank angle or by constructing a bench which can reduce the shear stress 
affecting the lower portion of the bank.   However, in areas that are subject to greater 
instability, such as where shear stress and channel velocities are particularly severe, 
bioengineering techniques are unlikely to succeed (at least by themselves), and thus 
traditional hardening methods (e.g., use of concrete, riprap, and gabion baskets) are 
necessary to prevent bank soil erosion.  In some areas, bioengineering techniques can be 
used in conjunction with these hardening methods to provide effective bank stabilization.43 

Based on review of the range of conditions of the banks in Reaches 5A and 5B, in the context 
of pertinent geomorphic considerations, suitable bank stabilization techniques were identified 
for the various types of bank conditions in those subreaches.  These techniques and the 
associated bank conditions where they would apply are summarized in Table 3-3.    

As part of this preliminary evaluation, specific conceptual bank stabilization techniques were 
identified for Reaches 5A and 5B under SED 3 through SED 10.  For SED 5 through SED 8, 
under which sediment removal and bank stabilization in those sub-reaches would be 
performed in the dry in conjunction with the sediment excavation, it has been assumed that 
the same bank stabilization techniques would be used.  Those techniques were based on the 
guidelines outlined in Table 3-3, with a number of modifications due to specific bank 
conditions, as described in Section 5 of Appendix G.  The resulting bank stabilization 
techniques are depicted on Figures G-2 through G-9 in Appendix G.  Application of these 

                                                      

43  While the above-referenced combinations of techniques can provide an effective approach to 
stabilizing riverbanks and reducing erosion, it is important to recognize that use of these or any 
techniques for long-term stabilization of the riverbanks would have significant and long-lasting or 
permanent adverse ecological impacts.  Those impacts are described in Section 5.2.3.4 below.   
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techniques under SED 5 through SED 8 would involve or be accompanied by removal of 
riverbank soil in a number of locations in Reaches 5A and 5B, resulting in the removal of a 
total of 35,000 cubic yards (cy) of bank soil under these alternatives, as also discussed in 
Section 5 of Appendix G.   

SED 3, SED 4, and SED 9 would likewise involve stabilization of all riverbanks in Reaches 
5A and 5B, including removal of 35,000 cy of bank soils.  However, certain modifications to 
the stabilization techniques would be necessary for these alternatives since the bank 
stabilization work would be performed in the wet in some or all of these sub-reaches.  
Specifically, since SED 3 would not involve any sediment removal in Reach 5B, and since 
SED 4 would involve thin-layer capping (to be performed in the wet) in the downstream 
portion of Reach 5B, the bank stabilization work in those areas would be performed from 
the riverbank while water is flowing in the River.  Under SED 9, as discussed above, the 
sediment removal and bank stabilization work in both Reaches 5A and 5B would be 
performed in the wet while water is flowing in the channel, using equipment operating from 
the river bottom in Reach 5A and barge-mounted equipment in Reach 5B.  In these 
circumstances, the riverbank stabilization techniques identified for SED 3 in Reach 5B, for 
SED 4 in the downstream portion of Reach 5B, and for SED 9 in Reaches 5A and 5B have 
been modified from those identified for SED 5 through SED 8, because implementation of 
some of the latter techniques would be impractical and/or unsafe while flowing water is 
present.44  For example, since use of bioengineering techniques such as coir matting or 
compartmentalized placed fill below normal water levels would be impractical in all or many 
areas, riprap or similar hard structures would be used instead.  Further, use of vanes to 
modify flow would be limited by water depth.  Additionally, since the construction or shaping 
of structures composed of fine sediments or sands (such as point bars) would not be 
possible under water (as they would wash away), coarse gravel or larger material would be 
used for these purposes.  The modified bank stabilization techniques for SED 3 and SED 4 
are described in Section 6 of Appendix G and are depicted on Figures G-10 through G-17 
(for SED 3) and G-18 through G-25 (for SED 4) in that appendix.  The modified bank 
stabilization techniques for SED 9 are described in Section 7 of Appendix G and are 
depicted on Figures G-26 through G-33 in that appendix.  

As also noted above, SED 10 would involve riverbank stabilization and associated bank soil 
removal only in selected riverbank areas in Reaches 5A and 5B, based on criteria 
developed to avoid or minimize the harm to sensitive habitats within Reaches 5A and 5B.  
Section 8 of Appendix G demonstrates that this partial or intermittent bank stabilization 
approach is a standard practice recognized by various guidance documents, and can be 

                                                      

44  Under SED 3 and SED 4, the bank stabilization techniques for the areas where the work would be 
performed in the dry (Reach 5A for both alternatives and the upstream portion of Reach 5B for SED 4) 
would be the same as those identified for those areas under SED 5 through SED 8.  
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effective in stabilizing riverbanks provided that the potential impacts of the stabilization 
measures on proximate non-stabilized riverbank areas upstream and downstream of the 
stabilized banks are evaluated and addressed if necessary.  In this case, the impacts of the 
bank stabilization measures in the areas originally identified for bank stabilization under 
SED 10 in the 2009 Work Plan on the proximate banks not subject to such measures have 
been evaluated.  As discussed in Section 8 of Appendix G, this evaluation indicated that, in 
most areas, the bank stabilization measures would not exacerbate erosion on the proximate 
upstream and downstream banks.  However, in some areas, the bank stabilization 
measures have been extended to adjacent banks to avoid or minimize adverse impacts on 
the non-stabilized banks.  The resulting bank stabilization techniques for SED 10 are 
depicted on Figures G-34 through G-40 in Appendix G.         

3.1.5 Dewatering Techniques 

Sediment dewatering operations would be performed as necessary at the temporary staging 
areas.  It is assumed that dewatering operations would be needed following both hydraulic 
and mechanical (in the wet and dry) dredging; however, the amount of dewatering would vary 
based on the removal method.    

For purposes of this Revised CMS Report, it has been assumed that sediments removed from 
the River via hydraulic removal methods would generally be dewatered using a mechanical 
plate and frame dewatering system that includes a series of screens and a hydrocyclone for 
initial dewatering and particle size separation.  Larger particles would be washed and 
dewatered via gravity dewatering, and would undergo waste characterization prior to disposal.  
The remaining fine-grained sediment would be mixed with a polymer to facilitate flocculation, 
and conveyed to settling tanks.  Free liquids from this tank would be treated in an on-site 
water treatment system.  The on-site water treatment system is assumed to have a capacity 
of 450 gallons per minute.  Accumulated solids that settle out of the tank would be pumped to 
a filter press for further dewatering prior to waste characterization and transportation to the 
appropriate treatment and/or disposal facility.  Mechanically dredged sediment (in the dry or 
wet) would be transported to a staging area/off-loading area for gravity dewatering with the 
addition of a stabilization agent (if needed).  Sediment would then be characterized and 
transported to the appropriate treatment and/or disposal facility.  Water from the staging area 
would be treated as described above.   

For illustrative purposes, the general conceptual sequences of materials handling and 
dewatering are presented on Figure 3-1.  
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3.1.6 Project Schedule Development 

Construction schedules have been developed to estimate the duration of the various 
components of the remedial alternatives for use in the model and other evaluations presented 
in Section 6.  This section describes the approach employed in developing construction 
schedule estimates.  Design, any additional sampling necessary to support design, and other 
preparatory work would be conducted prior to initiation of remediation.  

3.1.6.1 General Construction Schedule Assumptions 

Based on EPA’s conditional approval letters of April 13 and July 11, 2007, the construction 
season (i.e., the total available time each year for the implementation of the remedial 
alternatives) was defined, for purposes of evaluation, as consisting of 9 months/year, 22 
days/month, and 8 hours/day, for a total of 198 working days per year. 

3.1.6.2 Daily Productivity 

In conjunction with the construction season defined above, individual production rate ranges 
were developed for the reach-specific remedial activities.  Specifically, production rate ranges 
were estimated for mechanical removal performed in the dry, mechanical and hydraulic 
dredging performed in the wet thin-layer capping, cap/backfill placement, and bank 
removal/stabilization operations.  The production rate ranges were presented in the CMS 
Proposal Supplement and modified by EPA’s July 11, 2007 conditional approval letter.   

As described in the CMS Report, a daily average production rate per construction crew was 
selected from these ranges, based on previous project experience and site-specific 
considerations, for purposes of developing estimates of the construction duration of the active 
sediment remedial alternatives evaluated therein (SED 3 through SED 8).  Although an 
individual daily production rate may be higher, the average daily production rate provides a 
reasonable estimate over a longer duration considering ancillary activities (e.g., 
mobilization/demobilization, construction of access roads and staging areas, etc.), potential 
construction delays, and downtime.  Average removal rates were increased for SED 7 and 
SED 8 to account for the somewhat faster production anticipated for deeper excavations and 
increased removal volumes from within the same removal areas.  EPA agreed in discussions 
with GE prior to submission of the CMS Report that the average daily production rates 
estimated by GE for SED 3 through SED 8 were reasonable assumptions to use in the CMS.   

Subsequently, in the 2009 Work Plan, GE proposed average daily production rates for the 
new sediment alternatives described therein.  For SED 10, since that alternative includes 
similar removal and capping technologies as SED 3 through 6, GE proposed use of the same 
production rates used for those alternatives.  However, for SED 9, since EPA had specified 
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that that alternative would include mechanical sediment removal in the wet in Reaches 5A 
and 5B, GE proposed modified production rates for that activity.  Specifically, GE explained 
that, since SED 9 was assumed to involve sediment excavation in Reach 5A using equipment 
operating in the river channel while the river water was flowing, the resulting production rates 
would be lower than those that had previously been agreed upon for mechanical dredging 
from barges in Reach 5C and other downstream areas.  In addition, GE explained that the 
production rate in both Reaches 5A and 5B should be reduced to account for higher water 
current velocities in those reaches.  Based on these factors, GE proposed to use lower 
average daily production rates for mechanical excavation in Reaches 5A and 5B under SED 
9. 

In its conditional approval letter of January 15, 2010, EPA rejected GE’s lower production 
rates for implementation of SED 9 in Reaches 5A and 5B and directed GE to use the same 
average daily production rate used for mechanical dredging in further downstream reaches.  
GE invoked dispute resolution on this issue; but EPA upheld that directive, with a slight 
reduction in the production rate for Reach 5A, in a decision issued on June 10, 2010.  As a 
result, GE has used the production rates specified by EPA, although it does not agree with 
them.     

Table 3-4 below summarizes the technique-specific average daily production rates assumed 
in the development of the respective construction duration schedules.   
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Table 3-4 – Technique-Specific Base Production Rates 

Remedial Technique 

Average Daily Production Rate per Crew (cy/day) 

SED 3 – SED 6 
and SED 10 

SED 7 and 
SED 8 SED 9 

Mechanical Dredging in the Dry 110 140 NA 

Mechanical Dredging in the Wet 275 350 
250 (R 5A) 

275 (other)  

Hydraulic Dredging  275 350 275 

Thin-Layer Capping 110 110 NA 

Capping 220 220 
195 (R 5A) 

220 (other) 

Bank Soil Removal/Stabilization 110 110 
250 (R 5A) 

275 (R 5B) 

Notes: 
1. The average production rates presented above are inclusive of ancillary activities (e.g., 

mobilization, set-up, site restoration, and demobilization). 
2. In accordance with EPA’s decision of June 10, 2010, the daily average production rate per crew 

under SED 9 for sediment removal and capping and bank stabilization in Reach 5A is somewhat 
lower than that for the other reaches due to the assumed impact of high-flow days (as analyzed by 
EPA).   

In addition, in response to EPA’s Specific Comment 49 on the CMS Report, GE has 
estimated production rates for excavation/dredging during times of full-scale production, 
excluding time for the performance of associated non-excavation activities (e.g., mobilization, 
sheetpile installation, restoration), as well as downtime.  These rates were developed by 
estimating, for each reach in each alternative, the amount of time associated with the 
following activities: 

• Mobilization of equipment and materials;   

• Construction of staging areas/access roads, and establishment of supporting facilities 
(e.g., trailers, water treatment) prior to the initiation of excavation activities; 

• Construction of steel sheetpile removal cells and related cell-dewatering activities (for 
reaches with mechanical removal in the dry); 

• Completion of backfill/cap placement, following the completion of excavation;  
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• General restoration (e.g., of staging areas) and demobilization following completion of 
excavation and backfill/cap placement; and  

• 10% “down-time” of the reach-specific construction duration with no active remediation or 
associated productivity.  

The sum of this time (i.e., the number of days estimated for the performance of non-
excavation activities plus the estimated “down-time”) was subtracted from the respective 
reach-specific construction durations estimated using the average daily excavation production 
rates listed above.  The remaining duration was then used to calculate daily production rates 
for excavation/dredging alone during full-scale excavation/dredging.  The resulting daily 
production rates for full-scale excavation/dredging are shown in Table 3-5.  (Note again that 
SED 7 and SED 8 have higher rates due to deeper excavations and greater removal volumes 
within the same areas, and that SED 9 has a lower rate for Reach 5A than other reaches due 
to the assumed impact of high-flow days.)  These production rates are provided for 
informational purposes in response to EPA’s comment.  The construction durations for the 
sediment alternatives have been based on the average daily production rates listed above.  

Table 3-5 – Estimated Rates for Excavation in the Dry and Mechanical/Hydraulic 
Dredging in the Wet During Full-Scale Production 

Removal Technology 

Daily Excavation Rate per Crew (cy/day) 

SED 3 – SED 6 
and SED 10 

SED 7 and 
SED 8 

SED 9 

Mechanical Excavation in the Dry 180 200 NA 

Mechanical/Hydraulic Dredging in the Wet 350 425 
305 (R 5A) 

350 (other) 

3.1.6.3 Reach-Specific Productivity 

In addition to the technique-specific average per crew production rates discussed above, 
estimates of alternative-specific production rates considered, for each reach, the number of 
construction crews that could reasonably be anticipated to be operating simultaneously in that 
reach.  This reach-specific number of crews was determined by the physical characteristics of 
each reach, and was held constant across all alternatives despite any changes in remedial 
technique (removal, capping, etc.).  The addition of more crews in an attempt to increase 
concurrent excavation and backfilling/capping activities and expedite the overall schedule is 
not possible in some reaches due to space constraints and the potential for recontamination 
associated with simultaneous adjacent removal and backfill operations.  To produce a reach- 
and alternative-specific production rate, the technique-specific average rates presented above 
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were multiplied by the number of crews assumed to be able to work in each reach to 
determine the overall rate of productivity.  It was further assumed that, in general, each 
alternative would be implemented sequentially from Reach 5A to Reach 8 as applicable 
(except for SED 9, as discussed above), and that, within a given reach, work would progress 
from upstream to downstream. 

The following assumptions were made to estimate the number of crews that could be 
expected to work in a given reach: 

• Under all sediment removal alternatives except SED 9, work in Reaches 5A and 5B 
would involve mechanical removal in the dry, as described in Section 3.1.2 above.  As 
only one sheetpile cell would be active at any given time, based on access limitations and 
size constraints, it was assumed that, under these alternatives, Reaches 5A and 5B could 
only accommodate one crew at a time.   

• Similarly, for SED 9, which would involve mechanical removal in the wet from the river 
channel in Reach 5A and from a barge in Reach 5B, it was assumed that only one 
excavation crew at a time could work in these reaches due to the challenges associated 
with working from a road in the channel in Reach 5A and due to the limited channel width 
in both Reaches 5A and 5B, where the channel is not sufficiently wide to allow for 
simultaneous operations.   

• Significant portions of Reach 5C are wide enough to allow two crews to operate.  
However, in certain portions of Reach 5C, the channel is too narrow to allow 
simultaneous operations, and thus it was assumed that only one crew could be in 
operation in these areas.  In these circumstances, for the development of the construction 
durations, an average of 1.5 crews was assumed for Reach 5C. 

• Similar to Reach 5C, a few, but not all, of the backwaters in Reach 5 are large enough to 
allow two crews to operate simultaneously.  Further, it is conceivable that, given the 
geography and the adjacent operations in Reach 5C, two or more of these backwaters 
could be addressed concurrently.  On the other hand, it is anticipated that some of the 
backwaters would need to be addressed one at a time with only one crew in operation 
due to the smaller size of the backwater and/or limited access.  In these circumstances, 
an average of 1.5 crews was assumed for the Reach 5 backwaters.   

• Reach 6 is large enough to accommodate two crews operating simultaneously (i.e., 
removal and capping/backfilling activities concurrently) for the duration of construction. 

• The Reach 7 impoundments could only accommodate one crew as these river 
impoundments are too narrow and small to allow the efficient application of simultaneous 
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operations.  Therefore, removal and backfill/capping activities would be performed 
sequentially, such that removal activities would be complete before beginning 
backfill/capping.  

• Reach 8 is large enough to accommodate two crews operating simultaneously for the 
duration of construction. 

Table 3-6 presents a summary of the crew sizes and associated production rates by reach for 
each alternative.  GE has also prepared Gantt charts for each sediment alternative involving 
active remediation (Figures 3-2a through 3-2h).  These Gantt charts present reach- and 
activity-specific time estimates for the completion of the main components of each sediment 
alternative (such as removal, backfilling/capping, and bank stabilization) and for certain 
support activities (such as access road/staging area construction, sheetpile installation, and 
restoration).45  These Gantt charts maintain the overall reach- and alternative-specific 
schedules estimated using the average production rates identified above.  They also show the 
activities that would be performed concurrently.     

3.1.6.4 Overall Schedule 

The overall construction schedules were determined based on the average daily 
production/excavation rates and crew sizes noted above, along with the assumption that work 
would proceed from upstream to downstream (except in SED 9).  Ancillary activities (e.g., 
mobilization, site restoration, demobilization) were assumed to be performed concurrently and 
did not add to the schedule.46 

While the estimated construction schedules were primarily based on the average removal 
rates and the crew sizes discussed above, some additional time was added to the schedule to 
take account of subsequent backfill/capping activities.47  In channel areas, it was assumed 

                                                      

45  The restoration activities included in these charts are limited to the restoration activities that would be 
performed immediately upon the conclusion of the removal and backfilling/capping activities.  They do 
not include any restoration activities that may have to be performed at a subsequent time, such as 
replanting activities that may depend on seasonal planting windows.  
46  The construction schedules described in this section and used in the evaluations of remedial 
alternatives have not taken into account any seasonal constraints related to avoiding work during 
particular months in an effort to minimize adverse impacts on specific state-listed rare species.  As noted 
below, such limitations would be considered further, if appropriate, during design.  
47  EPA’s Specific Comment 50 on the CMS Report stated that EPA disagrees that additional time 
should be added to the schedule to account for backfill/capping activities, and that the daily average 
production rates include those activities.  However, as GE explained in its response to that comment in 
its March 2009 Interim Response, GE presented its proposed approach to production rates in an 
October 2007 meeting with EPA, including the lags of backfill/capping activities behind excavation 
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that backfill/capping operations would start in portions of a given reach or area while 
excavations were still occurring in more downstream portions of that reach or area.  In 
impounded areas, however, it was assumed that backfill/capping operations could not begin 
until all excavations in that impoundment were completed, because in those areas it may be 
more difficult to isolate the backfill/capping activities from the removal activities and thus also 
more difficult to minimize the deposition of resuspended materials within the clean backfill 
layers that could occur if such activities were conducted simultaneously.   

In all cases, additional time to complete backfill/capping operations beyond the time of 
removal was added to the construction schedule (where appropriate) to account for 
constructability issues (e.g., limited space in dry removal cells and potential recontamination 
in wet excavation areas).  In each reach, GE estimated the start of backfilling/capping 
activities (i.e., the lag time following the start of excavation) to minimize the time added to the 
overall schedule to the extent practical.  For example, within Reach 5A, when the schedule is 
broken down on a per cell basis, the average time to complete excavation and restoration 
within a removal cell is 8.5 days.  Of this time, approximately 7 days are related to removal 
and 1.5 days are related to the additional time for backfill/capping and bank 
stabilization/restoration activities that occur immediately after excavation is complete.48  If it 
were assumed that backfilling/capping activities in the same cell were initiated much earlier, 
the backfilling/capping activities would finish before the completion of excavation activities.   

Table 3-7 lists the assumptions that were made related to the timing/overlap of removal and 
backfill/capping operations for SED 3 through SED 8.  In addition, for those alternatives, the 
reach-specific schedules in Reaches 5A and 5B assume that bank removal/stabilization 
operations would commence once backfill/capping operations in the channel are 25% 
complete and thus include some additional time for the completion of bank 
removal/stabilization operations (i.e., for the portion that did not overlap with backfill/capping 
activities). 

                                                                                                                                                     

activities, thus showing that the backfill/capping activities would require additional time in the schedule.  
EPA approved this approach in a November 11, 2007 e-mail to GE. 
48  Again, the restoration activities included in these schedules do not include any restoration activities 
that may have to be performed at a later time (e.g., replanting).  
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Table 3-7 – Excavation/Backfill Schedule Overlap Assumptions for SED 3 – SED 8 

Removal Technology Location 
Excavation Percent Complete Prior to 

Commencing Backfill/Capping 

Dry Excavation Channel 60% 

Wet Excavation Channel 40% 

Wet Excavation Pond/Impoundment 100% 

Note: 
1.  Following a meeting with EPA in January 2008, GE modified the overlap between dry/wet 

excavation and backfill/capping operations to increase the overlap.  These modifications are 
reflected above.  

For the remediation of Reach 5A under SED 10, the same overlap of excavation and capping 
activities has been assumed as described above for the other sediment alternatives as this 
removal would be performed using sheetpiled and dewatered isolation cells.  However, the 
remediation approach in Reach 5A under SED 9 is different from that in any other alternative, 
and involves the performance of removal and backfill within the channel.  In this case, it has 
been assumed that removal/backfill activities would be conducted in approximate 1,000-foot 
sections, and that backfill operations would begin after 10% of the excavation has been 
completed such that these activities are nearly concurrent.  However, for Reach 5B under 
SED 9, the overlap of excavation and capping activities has been assumed to be the same as 
that assumed for other reaches where removal and capping activities are performed from a 
barge.  For Reach 5B under SED 10, bank stabilization activities would be the only measures 
performed; as such, there is no overlap and the time for performance of those activities has 
simply been added to the overall schedule for that alternative. 

GE also accounted for certain reach-specific limitations (such as space constraints) that 
required adding time into that reach’s overall schedule.  Where possible, GE incorporated the 
use of multiple crews working simultaneously (e.g., in Woods Pond) to expedite the 
completion of remedial activities; however, in some reaches (e.g., Reaches 5A and 5B), this 
was not a viable option given the removal methods and related space constraints.   

As required by EPA, the schedule for SED 9 assumes that removal in Woods Pond, the  
Reach 7 impoundments, and Rising Pond would be done concurrently with removal in the 
upstream reaches, with the capping of those impoundments deferred until after the 
remediation of the Reach 5 channel is complete.  For the remaining alternatives, the schedule 
generally assumes that the alternatives would be implemented sequentially from Reach 5A to 
Reach 8, as applicable.  However, remedial activities in the Reach 5 channel and the Reach 5 
backwaters were assumed to be performed concurrently.  As Reach 5 channel remedial 
activities would generally take longer or the same amount of time to complete than those in 
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the Reach 5 backwaters, only the time for Reach 5 channel remedial activities was factored 
into the overall project schedule.  The only exception is for SED 8, where the activities in the 
Reach 5C backwaters would take longer to complete than the activities in the Reach 5C 
channel.  Thus, for that alternative, the time to complete the remediation of the Reach 5 
backwaters, rather than the time associated with the Reach 5C channel, was included in the 
overall construction schedule.  

Based on the assumptions and considerations described above, Table 3-8 summarizes the 
estimated construction durations for each of the sediment remedial alternatives.  More 
detailed construction timelines for SED 3 through SED 10 are presented in the Gantt charts 
provided as Figures 3-2a through 3-2h.  Each of these timelines presents a general 
representation of the main components of the reach- and alternative-specific remedial 
activities (e.g., removal, backfilling/capping, bank stabilization).  They illustrate the respective 
contributions of each activity to the overall implementation timeline, as well as the extent of 
activities that would be performed concurrently.  Note that although these timelines present 
the duration of each of the main components in the overall schedule, they may not represent 
the specific sequencing of repetitive shorter-duration activities within each reach.  For 
example, timelines associated with Reach 5A illustrate the overall timeframe over which 
removal, backfilling, and bank stabilization activities would occur in terms of construction 
years.  However, alternatives with removal in the dry in Reach 5A include construction of as 
many as 176 removal cells, and it would not be possible to illustrate removal in each of those 
cells sequentially on the attached charts.  An example of the details related to the specific 
sequencing of these activities on a cell-specific basis is presented on the timelines as a blow-
up inset. 

The estimates of construction time shown in Table 3-8 and Figures 3-2a through 3-2h have 
been used in the evaluations presented in this Revised CMS Report.  However, during design 
of a given remedial action, consideration would be given to modifying the excavation 
operation and/or adding backfill crews in some areas to reduce the overall timeframe.  Such 
modifications could include the possibility of beginning excavation in a further downstream 
area while backfill was still being conducted in an upstream area.  These and other 
efficiencies would be considered during design to the extent practical.  In addition, 
consideration would be given during design to any seasonal constraints on the construction 
schedule related to avoiding work during particular months in an effort to reduce adverse 
impacts on specific state-listed rare species, if practical.  

3.1.7 Volume and Area Calculations 

To support the detailed evaluations of the sediment alternatives, removal volumes and 
acreages of capping, backfill, and thin-layer capping (as applicable) were calculated using 
geographic information system (GIS) techniques.  Surface areas were computed based on 
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the GIS representation of the shoreline within each reach or portion of a reach, for each of the 
delineations described in Section 3.1.1 (figures illustrating those areas have been included in 
the detailed description of each alternative in Section 6).  Likewise, removal volumes were 
calculated as the product of the surface area and the removal depth for a given 
reach/alternative.  To further support the evaluation of alternatives involving sediment 
removal, volumes were further broken down into estimates of material that would need to be 
handled as waste subject to Toxic Substances Control Act (TSCA) requirements based on 
containing PCB concentrations of 50 mg/kg or higher, and non-TSCA material.  The fraction 
of TSCA versus non-TSCA material for a given reach/alternative was estimated using 
Thiessen polygon coverages of the sediment sampling data from the corresponding removal 
depth.  Where multiple samples were collected at a given location over the specified removal 
depths, that location’s polygon was identified as containing TSCA material if any of the 
samples within the removal depth had a PCB concentration at or above 50 mg/kg. 

3.2 Use of PCB Fate, Transport, and Bioaccumulation Model 

As required by the Permit, GE has applied the EPA model to evaluate the sediment 
alternatives.  Specifically, the PCB fate and transport (EFDC) and bioaccumulation (FCM) 
submodels developed by EPA were applied to predict future PCB concentrations in sediment, 
surface water, and fish between the Confluence and Rising Pond Dam under the different 
remedial alternatives.  In addition, GE developed a semi-quantitative method to estimate 
future changes in PCB concentrations in four impoundments within the Connecticut portion of 
the River. 

In the CMS Proposal, GE included a description of how the EPA model would be applied 
during the CMS.  GE stated that it would provide, in a subsequent deliverable, additional 
information on several of its proposed inputs to the model to be used during the CMS.  This 
subsequent deliverable, the MIA (ARCADIS BBL and QEA, 2007b), was submitted to EPA on 
April 16, 2007 and was conditionally approved by EPA on May 24, 2007.  In the MIA, GE 
proposed to collect additional water column data from the East Branch at Pomeroy Avenue 
and surface sediment data from the Upper ½-Mile Reach to facilitate the development of the 
East Branch PCB boundary condition that would be used in the CMS model projections.  On 
August 3, 2007, GE submitted the MIA-S (ARCADIS BBL and QEA, 2007d), which presented 
the results of the supplemental sampling and described the proposed model boundary 
conditions for the East Branch.  The MIA-S was conditionally approved by EPA on August 28, 
2007.  Following dispute resolution on EPA’s conditional approval letters for the MIA and MIA-
S, as discussed in Section 1.1, EPA issued a letter on September 17, 2007, eliminating one of 
the conditions (related to the West Branch PCB boundary condition) for its approval of the 
MIA.  Finally, in the 2009 Work Plan, GE proposed certain modifications to the modeling 
methodology and inputs for SED 9 and SED 10.  In its conditional approval letter of January 
15, 2010, EPA directed GE to make a number of further changes to the model inputs for SED 
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9.  In the dispute resolution proceeding on certain of those directives, EPA issued a decision 
upholding the EPA staff’s recommendations without any modifications.  While GE disagrees 
with that decision, it has used the inputs specified by EPA in the modeling of SED 9.49 

The sections below provide a summary of the application of the model and the various model 
inputs used during the evaluations, as described in the CMS Proposal, the MIA, the MIA-S, 
the 2009 Work Plan, and EPA’s conditional approval letters for those documents.  In its 
conditional approval letters for the CMS Proposal, the MIA, and the MIA-S, EPA set forth 
several conditions directing GE to use alternate lower-bound values for certain inputs, 
resulting in two sets of input values that were used in the model simulations (i.e., a “base 
case” and a “lower bound”); these lower-bound inputs are also discussed in the sections 
below. 

3.2.1 Scale of Model Application 

Temporal Scale 

As described in the CMS Proposal, EPA’s model calibration and validation efforts were 
conducted over decadal timescales.  Specifically, EPA’s model validation simulated the 26-
year period between 1979 and 2004.  Remedial scenario projections presented in this 
Revised CMS Report simulated a 52-year period that consists of two cycles of the 26-year 
validation period.  The length of the numerical model simulations has been extended for 
certain sediment alternatives (SED 7 and SED 8) so as to provide a minimum of 30 years 
following completion of the simulated remedy; Section 3.2.4 below provides a discussion of 
the model projection period used for the different sediment alternatives, which was based on 
the estimated timeframe for each remedy presented in Section 3.1.6. 

In addition, as directed by EPA, mathematical functions were developed to project the model 
trajectory beyond the end of the numerical model simulations; the purpose of this 
extrapolation was to estimate the time it might take to achieve various IMPGs that are not 

                                                      

49  In addition to the above submittals, as discussed further in Section 3.2.4, on May 14, 2007, GE 
submitted certain proposed revisions to the model code to be used in the model simulations in the CMS.  
EPA conditionally approved those revisions on July 11, 2007, directing GE to modify the code to address 
certain comments.  GE addressed those comments and provided EPA with a revised code on 
September 21, 2007.  In November 2007, EPA called to GE’s attention certain flaws in the model and 
subsequently issued two corrected subroutines for the model on November 30, 2007.  Also, in the 2009 
Work Plan, GE noted that it was necessary to make additional modifications to the model code in order 
to simulate SED 9 (specifically, to simulate sediment removal to a depth greater than the thickness of the 
replacement cap in Woods Pond) and SED 10 (specifically, to simulate the removal of sediment to a 
specified depth in Woods Pond without replacement).  These code modifications were described in an 
attachment to that work plan and approved by EPA through its January 15, 2010 conditional approval 
letter.     
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predicted to be achieved within the model simulation period.50  This extrapolation consisted of 
using least squares regression to fit an exponential decay function to the model-predicted 
PCB concentrations in sediment and fish (expressed on an annual average basis) over the 
last 20 years of the simulations.51  In cases where the calculated slope was greater than zero 
(i.e., indicative of an increase), such extrapolation was not performed.  Furthermore, analysis 
of preliminary extrapolation results indicated that there were several cases where the 
regressions produced very small slopes that were sensitive to annual variations in predicted 
PCB levels over Years 32 to 52.  These preliminary results were also confounded by the fact 
that the IMPGs that were the subject of the extrapolation were often two to three orders of 
magnitude lower than the levels predicted by the model at the end of the projection period.  It 
was found that nearly all these cases produced estimated times to achieve IMPGs that 
exceeded 250 years, which corresponds to extrapolation over a period ten-fold longer than 
the regression period.  It was therefore considered that further extrapolations based on such 
small slopes to estimate 100-fold or greater additional reductions (which could range into 
timescales of a millennium or more) were so unreliable as to be meaningless.  As such, the 
times to achieve IMPGs in these cases are presented as “>250 years” in Section 6.   

This approach of projecting the model trajectory beyond the model simulation period is highly 
uncertain because simple empirical functions are not a reliable replacement for the model’s 
equations, which represent the complex underlying mechanisms that determine the fate, 
transport, and bioaccumulation of PCBs.  As a result, predictions of the ability of an alternative 
to meet IMPGs in the period beyond the model simulation period are highly speculative. 

Model Domain 

The spatial domain for the EPA model extends from the Confluence to Rising Pond Dam and 
is simulated by two separate models.  The “PSA Model” extends from the Confluence to 
Woods Pond Dam and includes the main river channel, backwaters, and associated 10-year 
floodplain over this reach.  The “Downstream Model” extends from Woods Pond Dam to 

                                                      

50  For example, where the model predicts that the RME IMPGs based on unrestricted human 
consumption of fish would not be achieved the model simulation period, this extrapolation has been used 
to estimate the number of years that it would take to achieve such levels (using, for this purpose, the 
RME IMPGs based on a 10-5 cancer risk as well as non-cancer impacts).  As discussed further below, 
such estimates are highly speculative, but have been used due to EPA’s direction. 
51  The last 20 years was selected as representative of the alternatives’ post-remediation trajectory since 
the model simulations were all run to span a minimum of 30 years following the completion of the 
remedies, and fish concentrations require an additional 10 years after remediation to respond to 
changes in exposure concentrations associated with the remediation (i.e., the oldest fish represented in 
EPA’s model is age 10 largemouth bass).  For SED 1 and SED 2, where no remedial action was 
simulated, the regression period was extended to cover 42 years, which provides a longer period over 
which to estimate the temporal trajectory, yet allows for a 10-year response period for fish. 
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Rising Pond Dam and includes the main river channel and associated 10-year floodplain.52 
These two models are linked at the Woods Pond Dam boundary and together have been 
used to predict water, sediment, and fish PCB concentrations in Reaches 5 through 8. 

Since the model developed by EPA does not extend below Rising Pond Dam, it cannot be 
used to predict the response of the River downstream of that point.  For this reason, GE 
developed a semi-quantitative framework that incorporates the available data from the 
Connecticut section of the River, as well as predictions from the EPA model, to provide 
estimates of future changes in PCB concentrations in the four major impoundments in the 
Connecticut portion of the River.  That framework, labeled the “CT 1-D Analysis,” is 
summarized in Section 3.2.5 and described in detail in Appendix J. 

3.2.2 Model Boundary Conditions 

Application of the model to forecast natural recovery and the River’s response to various 
sediment remediation scenarios required specification of future hydrologic conditions, as well 
as future solids and PCB loadings to the system, for each model boundary (i.e., boundary 
conditions).  The model boundaries include the East Branch, West Branch, tributaries, and 
direct drainage inputs.   

3.2.2.1 Flow 

As described in the CMS Proposal, the 26-year hydrograph for the model validation period 
(i.e., 1979-2004) provides a good statistical representation of the historical flow record on the 
River.  Therefore, specification of future hydrologic conditions for the model was achieved by 
repeating the 26-year validation period hydrograph twice, producing a 52-year hydrograph, 
which was used for the model simulations.  As discussed in Section 3.2.1, some simulations 
were extended beyond 52 years to provide a minimum projection period that included 30 
years beyond the simulated completion of the remedy.  In these cases, the 26-year 
hydrograph was repeated additional times until the necessary post-remediation period was 
achieved. 

To represent the potential impact of an extreme hydrologic event on future sediment, water 
column, and fish PCB levels, the hydrograph from an extreme event was included in the 52-
year hydrograph used for the model projections.  The methodology used by EPA to develop 
the hydrograph for this extreme event was described in the MIA.  Specifically, a 20-day period 
                                                      

52  In response to EPA’s Specific Comment 44 on the CMS Report, the spatial domain of the 
Downstream Model has been modified to treat an additional portion of Reach 7B (Columbia Mill Dam 
impoundment) and all of Reach 7C (former Lee/Eagle Mill Dam impoundment) as impoundments for 
purposes of defining the areal extent of remediation; these areas were not treated as such in the 
remediation simulations in the CMS Report. 
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representing the extreme event was developed based on: (1) data from the March 1936 high 
flow event for the East and West Branches;53 and (2) watershed model predictions of the 
August 1990 event associated with Hurricane Bertha for tributaries and direct drainage inputs.  
The flows from this 20-day synthesized event were inserted into the 52-year projection 
hydrograph in March/April of Year 26 of the model projection period.  The 52-year projection 
hydrographs used during the model projection simulations, including the extreme event, for 
the East Branch, West Branch, tributaries, and direct drainage boundary conditions, are 
presented on Figures 3-3 though 3-6, respectively. 

3.2.2.2 Total Suspended Solids 

Similar to the approach for specifying future hydrologic conditions, future solids loadings from 
the East Branch, West Branch, tributaries, and direct drainage were specified by repeating the 
26-year validation period solids loadings resulting in a 52-year time series (or a minimum of 
30 years following completion of the simulated remedy, whichever is longer).   Also, as in the 
case of the flow boundary conditions, the potential impact of an extreme hydrologic event on 
future EFDC model projections of sediment and water column PCB levels was simulated by 
including estimated solids loadings for the extreme event described above in Year 26 of the 
projection period.  Details on the method used to develop the solids loading for each of the 
model boundary conditions during the extreme event were described in the MIA.  The total 
suspended solids (TSS) time series used during the model projection simulations, including 
the extreme event, for the East Branch, West Branch, tributaries, and direct drainage 
boundary conditions, are presented on Figures 3-7 though 3-10, respectively. 

3.2.2.3 Bank Erosion 

Similar to the approach used to develop future solids loadings, future sediment loads 
originating from erodible banks located in Reaches 5A and 5B (as specified in the EPA 
model) were generated by repeating the 26-year validation period bank erosion rate time 
series, resulting in a 52-year or longer (i.e., 30-year post-remedy) time series.  Similar to the 
solids boundary condition, the potential impact of an extreme hydrologic event on future 
EFDC model projections of sediment and water column PCB levels was simulated by 
including estimated bank erosion loadings for the extreme event described above.  The total 
erosion rate during the extreme event was estimated using the flow-based equations provided 
in Appendix B.7 of the FMDR (EPA, 2006b), and was inserted into Year 26 of the projection 

                                                      

53  The March 1936 flow event is the highest multi-day flow event on record at the Coltsville, MA United 
States Geological Survey (USGS) gauge, with a peak flow of 6,000 cfs.  The estimated flood return 
frequency for this flow is between 50 and 100 years (see Table 2-3 of the CMS Proposal). 
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period using the same method described for solids in the MIA.  The 52-year time series of 
bank erosion rates (including the extreme event) is presented on Figure 3-11.54 

3.2.2.4 PCBs 

East Branch 

The most significant PCB boundary condition needed for application of the EPA model to 
evaluate the sediment remedial alternatives is the PCB load entering the Rest of River from 
the East Branch.  Although EPA considered and began to develop an “Upstream Model” to 
project that load, it did not complete that model.  Instead, as stated in the MIA-S, EPA 
specified PCB loads from the East Branch during the model calibration and validation periods 
using a data-based approach, described in Appendix B.2 of the FMDR (EPA, 2006b).  That 
approach specified East Branch (as well as West Branch) PCB boundary conditions during 
periods when data were not available based on equations developed from relationships 
between particulate-phase PCB concentrations and river flow rate.  While this approach was 
appropriate for specifying PCB loads for the model calibration and validation periods (1979 - 
2004), it could not be used directly in the CMS for the simulation of potential remedial 
scenarios in the River, because it does not account for reductions in PCB loading that have 
resulted and would result from the various remedial measures conducted and to be 
conducted by GE and EPA within and near the upper two miles of the River. 

Given these circumstances, it was necessary for GE to develop an approach for specifying an 
East Branch PCB boundary condition that could be used in the model projections.  Consistent 
with the approach used by EPA during the model validation, the water column PCBs entering 
the Rest of River from the East Branch were estimated based on relationships between 
particulate-phase PCB concentrations and river flow rate.  For the simulations presented in 
this Revised CMS Report, particulate-phase PCB concentrations were estimated for both 
“current” and projected “future” conditions.  The particulate-phase PCB concentrations under 
“current” conditions were based on supplemental water column and surface sediment data 
collected from the East Branch between April and July 2007 (i.e., after completion of 
remediation of the Upper ½-Mile and 1½-Mile Reach sediments).  To account for the 
anticipated reduction in PCB load at the East Branch boundary due to the additional remedial 
                                                      

54  During long-term test simulations conducted with EFDC, EPA noted that changes in bed elevation 
due to bank erosion and mass failure had resulted in conditions in some model grid cells such that no 
further erosion would be expected to occur in these locations (see Attachment 2 [Code Bugs and 
Comments] to EPA’s July 11, 2007 conditional approval letter for the CMS Proposal Supplement and 
model code revisions).  To address this issue, EPA provided GE with a revised model input file that 
remapped these depleted bank erosion cells to cells immediately upstream or downstream of the cells 
being depleted, and proposed that this remapping be performed at the end of the first 26-year cycle.  As 
directed, the re-mapped bank erosion cells were used in the second 26-year cycle of the model 
projection period during the CMS. 
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projects planned in areas affecting the East Branch, it was necessary to make some estimate 
of that future reduction.  Any such estimate is necessarily uncertain, because:  (1) the relative 
contribution of PCBs to the East Branch from each of the various remaining upland sources 
(including sources in the GE Plant area) is unknown; (2) since the remediation of a number of 
those sources has either not been started or not been completed, there is no reliable way to 
predict with confidence the extent of the reduction in their contribution of PCBs to the East 
Branch; and (3) any predictions of future conditions cannot be verified by water column data 
from the East Branch.  Thus, the future conditions in the East Branch cannot be known with 
certainty until the remaining remediation work has been completed, the system has reached 
equilibrium with the PCB inputs, and additional post-remediation water column PCB data from 
the East Branch has been obtained.  Nevertheless, given the need to specify a future 
condition in order to conduct the model simulations, such conditions were estimated based on 
a qualitative assessment of the reduction in PCB loads anticipated through completion of the 
remaining remediation actions, as discussed in the MIA-S.   

The following is a summary of the East Branch PCB boundary condition that was developed, 
approved (with modifications) by EPA, and used for the model projections presented in this 
Revised CMS Report. 

• In general, the East Branch PCB boundary condition starts at a PCB level representative 
of “current” conditions, decreases linearly over the first 10 years of the model projection 
period to a PCB level representative of “future” conditions, and then decreases 
exponentially at a 52-year half life thereafter.55 

• PCB concentrations in the East Branch boundary condition are specified on a particulate-
phase basis (dissolved-phase PCBs are calculated based on equilibrium partitioning 
formulae, consistent with EPA’s methodology described in the FMDR; EPA, 2006b) and 
vary with flow rate: 

o The “current” particulate-phase PCB levels were calculated as a function of the river 
flow rate at Pomeroy Avenue (based on the 2007 monitoring data). 

 At lower flows (defined as < 550 cubic feet per second [cfs]), the particulate-
phase PCB levels exhibit an inverse relationship with flow; particulate-phase PCB 

                                                      

55  In its conditional approval letter for the MIA-S, EPA directed GE to apply this 52-year half-life to the 
East Branch PCB boundary condition.  As described in the MIA-S, GE believes that application of a half 
life to the East Branch boundary condition is inappropriate since the upland PCB sources that will 
continue to contribute PCBs to the East Branch are not subject to the same natural recovery processes 
that occur within a riverine environment, and will likely remain in their post-remediation condition.  
Nonetheless, GE has applied the 52-year half-life, as directed by EPA. 
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levels are higher at lower flows due to less dilution (e.g., PCB concentrations on 
particles are up to 5 mg/kg at a flow of approximately 20 cfs). 

 At higher flows (defined as ≥ 550 cfs), particulate-phase PCB concentrations are 
constant at 0.52 mg/kg.  

o The “future” particulate-phase PCB levels were calculated as a percent reduction 
from the "current" levels. 

 At flows < 550 cfs, a 90% reduction was applied to the “current” PCB levels 
based on a qualitative evaluation of the potential reduction in PCB loads to the 
system under low flow conditions due to future remediation. 

 At flows ≥ 550 cfs, a 50% reduction was applied to the “current” PCB level (in the 
“base case” simulations) based on a qualitative evaluation of the potential 
reduction in PCB loads associated with remediation and control of the remaining 
sources in the various upland areas that likely contribute PCBs to the East 
Branch during periods of higher flow.  In addition, at EPA’s direction, GE 
conducted “lower-bound” simulations using an assumed 75% reduction from the 
“current” PCB levels under higher flow conditions. 

Multiplication of the particulate-phase PCB concentrations calculated from the methods 
described above (using the 52-year flow time series described in Section 3.2.2.1) by the 52-
year total suspend solids time series described in Section 3.2.2.2 (which includes the extreme 
event) produced a volumetric water column particulate-phase PCB concentration (in 
micrograms per liter [μg/L]).  The corresponding dissolved-phase component was then 
calculated based on the particulate-phase PCB concentration and the three-phase partitioning 
equations used by EPA for the validation period boundary conditions (as described in FMDR 
Appendix B.2; EPA, 2006b). The dissolved and particulate fractions were summed to 
compute the whole-water PCB concentrations that were input to the model.  Figure 3-12 
shows the 52-year East Branch PCB boundary condition time series used during the model 
projection simulations. 

West Branch 

In EPA’s model, the West Branch PCB boundary condition was specified based on loading 
equations developed from river flows and PCB concentrations as described in Appendix B.2 
of the FMDR (EPA, 2006b). As stated in the MIA, this boundary condition provided a 
representation of PCB concentrations for pre-remediation conditions in the West Branch, but 
is not representative of the conditions following the River’s response to GE’s remediation of 
sediments and lower riverbank soils adjacent to Dorothy Amos Park on the West Branch, 
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which was conducted during the summer of 2009 (see Section 1.4 above).  Because the 
sediments and lower riverbanks adjacent to Dorothy Amos Park represented the major 
identified source of PCBs to the West Branch, the West Branch PCB boundary condition for 
the projections was developed by reducing the existing model boundary condition by a factor 
intended to represent the decrease in sediment PCB concentrations that was expected to 
result from the 2009 remediation adjacent to Dorothy Amos Park.  That reduction factor was 
0.3 and was applied at the beginning of the model projection period.  The methodology used 
to develop this reduction factor is discussed in the MIA.  Similar to the flow and solids 
boundary conditions, a 52-year model projection time series was developed by repeating the 
scaled-down 26-year time series. 

Also, for specifying the 52-year time series of PCB boundary conditions in the West Branch, it 
was further assumed that the sediments would naturally attenuate (to some degree) following 
remediation of the major PCB source.  Since there are no data from the West Branch to 
estimate such an attenuation rate, PCB levels in the West Branch boundary condition were 
reduced exponentially at a 20-year half-life based on a temporal trend analysis conducted by 
EPA (see MIA for additional discussion).  The 52-year West Branch PCB boundary condition 
time series used during the model projection simulations is presented on Figure 3-13. 

Tributaries 

As described in the MIA, the PCB boundary conditions for tributaries in the model projections 
were developed to reflect inputs of PCBs from atmospheric sources.  This was accomplished 
by setting tributary PCB concentrations to a starting value of 0.11 nanograms per liter (ng/L).56  
This value was subsequently reduced exponentially at a 10-year half-life to reflect long-term 
reductions in atmospheric PCB loadings during the projection period.  Figure 3-14 presents 
the 52-year PCB boundary condition time series that was used for the modeled tributaries 
during the model simulations. 

Direct Drainage 

In the MIA, GE stated that direct runoff entering the River from the watershed, which includes 
floodplain soils containing PCBs, could contribute some amount of PCBs to the River.  
Following additional discussions with EPA, GE determined that PCB inputs from direct 
drainage are likely small and would be difficult to estimate given anticipated changes in 
floodplain soil PCB levels due to the floodplain remedial alternatives described in Section 6.  

                                                      

56  GE was directed by EPA to use this starting concentration of 0.11 ng/L for the tributary PCB boundary 
conditions in the CMS model projections; the methodology used to determine this value is described in 
EPA’s May 24, 2007 conditional approval letter for the MIA. 
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For these reasons, the model projections assumed that zero PCB load enters the River via 
direct drainage. 

3.2.3 Initial Conditions 

Sediment 

The sediment initial conditions (i.e., horizontal and vertical distribution of PCB concentrations) 
required for simulation of future conditions were set equal to the results predicted by the 
model at the end of the validation period (i.e., 2004). 

Fish 

Similar to sediments, fish PCB initial conditions required for simulation of future conditions 
were set equal to the results predicted by the model at the end of the validation period (i.e., 
2004). 

In its September 9, 2008 comments on the CMS Report (General Comment 17), EPA stated 
that these initial concentrations from the end of the validation period are no longer applicable 
to the current PCB loading regime that exists in the East Branch after remediation, and that 
different starting concentrations would result from “spinning up” the first year of the simulation 
– i.e., the process whereby initial conditions in the fish are determined by running the FCM 
with constant water column and sediment exposures (based on post-remediation conditions 
for the East Branch) for a period of time that is sufficient for the fish to reach equilibrium with 
those exposures.  EPA requested that GE discuss the effect of this issue on the assessment 
of the sediment alternatives.  Since GE and EPA had previously agreed that the model 
projections would begin at the end of the model validation period, GE has not changed its 
basic approach to determining the initial fish concentrations.  However, in response to EPA’s 
comment, GE has conducted a sensitivity analysis comparing those initial concentrations with 
the initial concentrations determined by “spinning up” the first year.  That sensitivity analysis is 
included in Appendix I.  As discussed there, although there are some differences in the initial 
concentrations, given the long simulation period used in the CMS modeling, resetting the 
initial condition of the fish has no impact on predicted fish concentrations at the end of the 
simulation.57  

                                                      

57 As discussed in Section 6.2.5.2, the most recent adult fish sampling data from Reach 5B/5C and 
Reach 6 (Woods Pond), collected in 2008, show lower PCB concentrations in those fish than the initial 
concentrations used in EPA’s model or the spun-up initial concentrations (with more pronounced 
differences in fillets than in whole body concentrations).  This suggests that future concentrations in fish 
resulting from upstream remediation and natural recovery processes may be lower than those predicted 
by EPA’s model, although additional future data collections would be needed to confirm such a trend. 
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3.2.4 Simulation of Remedial Actions 

As described in the CMS Proposal, the remedial technologies that comprise the alternatives 
discussed in Section 4 of this Report consist of two groups: (1) “passive” alternatives, which 
include no action and MNR (SED 1 and SED 2, respectively); and (2) alternatives that contain 
some form of in-river remediation work consisting of removal, capping, and/or thin-layer 
capping (SED 3 through SED 10).  Model simulation of SED 1 and SED 2 required no change 
to the model framework since the processes that govern these remedial alternatives are 
implicitly accounted for in EPA’s model (e.g., sediment deposition).  However, simulation of 
the remaining remedial alternatives required specification of the following: 

• Timing and production rates for the remedial alternatives (Section 3.2.4.1); 

• Post-remediation PCB concentrations in backfill and capping materials (Section 3.2.4.2); 

• PCB releases during sediment removal (Section 3.2.4.3); 

• Representation of bank soil removal and stabilization (Section 3.2.4.4); and 

• Sediment properties (e.g., grain size distribution, bulk density, porosity, and organic 
carbon content) of capping and backfill materials (Section 3.2.4.5). 

In an attempt to improve the efficiency of model simulations of sediment remedial alternatives, 
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 EFDC 
simulations.  These code changes consisted of the following: 

• Modifying the simulated sediment PCB concentrations to reflect removal and subsequent 
placement of a cap or backfill material (except for SED 10, for which code changes were 
made to allow simulation of removal without subsequent capping or backfill in Woods 
Pond); 

• Including the PCB loads that result from resuspension/releases during dredging in the 
water column mass balance; 

• Setting specified bank erosion rates to zero to represent bank stabilization; and 

• Changing the model bed structure by adding the appropriate mass of solids to represent 
placement of a cap (without prior sediment removal) or a thin-layer cap. 
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The remediation code performs these functions according to an approximate remediation 
schedule developed for each alternative, which was described in Section 3.1.4.4 and is 
discussed further in Section 3.2.4.1.  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, 2007.58  In addition, Attachment B-1 to 
Appendix B in the 2009 Work Plan (conditionally approved by EPA on January 15, 2010) 
described additional changes that were made to the remediation code for simulation of the 
Woods Pond elements of SED 9 and SED 10 (as discussed further in footnote 59 below). 

3.2.4.1 Timing and Production Rates 

As described in Section 3.2.1, sediment remedial scenario simulations were conducted over a 
52-year period that consists of two cycles of EPA’s 26-year validation hydrograph (or a 
minimum of 30 years following completion of the simulated remedy, whichever is longer).  For 
all of the active remediation alternatives simulated, the start of remediation was specified to 
begin in the first year of the projection period. 

The timing and production rates used to simulate the remedial action alternatives that involve 
removal and/or capping were consistent with those described in Section 3.1.6.  Specifically, 
model-simulated remediation was completed according to the construction durations 
described in Section 3.1.6 and considered the times required for implementation of remedial 
activities in each subreach, as shown on Figures 3-2a through 3-2h and summarized in Table 
3-8).  

Additionally, the simulation of remedial scenarios assumed that remediation would progress 
from upstream to downstream, at a rate consistent with the construction schedules described 
above, except in backwaters, where remediation was specified to progress from north to 
south once channel remediation reached the entrance to the backwater.  It was assumed that 
remediation would occur during nine months of each year, consistent with the construction 
schedules described in Section 3.1.4.   

Simulated areas of removal/capping in the model were consistent with those described in 
Table 1-1 and Section 3.1.1, and shown on figures in the detailed evaluations of the 
alternatives presented in Section 6. 

                                                      

58  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. 
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3.2.4.2 Post-Remediation PCB Concentrations 

All the sediment alternatives except SED 1 and SED 2 include sediment removal, capping, 
and/or thin-layer capping.  Sediment removal with capping, capping without prior removal, 
and thin-layer capping were simulated in the model by changing the sediment bed PCB 
concentrations in the appropriate model grid cells from the current predicted value to an 
estimated post-remediation concentration.  Furthermore, simulation of removal of a portion of 
Woods Pond without subsequent capping or backfill, as in SED 10, required certain 
adjustments to the model to represent post-remediation concentrations.  The post-
remediation concentrations used for these simulations are described below. 

Cap/Backfill PCB Concentrations for Mechanical Dredging in the Dry and Thin-Layer Capping 

As described in the CMS Proposal, “base case” model simulations of mechanical dredging in 
the dry (with subsequent addition of cap or backfill material) and thin-layer capping applied a 
concentration of 0.021 mg/kg for the cap/backfill materials.  This value is the PCB 
concentration used for backfill in remedial action evaluations in areas outside the River under 
the CD, and represents one-half of the average PCB detection limit from sampling of backfill 
sources.  In addition, the alternative “lower-bound” model simulations were performed using a 
PCB concentration of 0 mg/kg in cap/backfill materials, as directed by EPA in its conditional 
approval of the CMS Proposal. 

Cap/Backfill PCB Concentrations for Dredging in the Wet and Capping Without Removal 

Simulation of hydraulic or mechanical dredging in the wet (with subsequent addition of cap or 
backfill material) and capping alone (without prior removal) required the specification of a 
starting PCB concentration for the post-placement cap/backfill material.  This initial 
concentration is higher than that of the cap/backfill material described above to reflect the 
mixing between the native sediment and the cap/backfill material that is likely to occur during 
placement.  For the model simulations, the EPA-approved initial post-remediation sediment 
PCB concentrations are as follows: 

• For hydraulic or mechanical dredging in the wet with subsequent addition of cap/backfill 
material, the initial post-remediation PCB concentration of the cap/backfill material was 
calculated as the vertical average concentration of sediments removed (within an 
individual grid cell) times 0.01.  This represents a “reduction efficiency” of 99% from the 
pre-remediation sediment concentration due to the cap/backfill placement and reflects the 
likelihood of some mixing between the disturbed native sediment and the cap/backfill 
material.  This value was determined based on a review of literature and information from 
other sites.  Details are provided in the MIA. 
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• For capping alone (i.e., without prior removal), the starting PCB mass in the cap material 
was calculated assuming that 1% of the PCB mass within the upper 6 inches of sediment 
would be uniformly mixed into the cap material upon placement (i.e., 99% reduction 
efficiency).  

In addition, the alternative “lower-bound” model simulations were conducted assuming that no 
mixing occurs between disturbed native sediments and the cap/backfill material (i.e., 100% 
reduction efficiency from the cap/backfill placement), as directed by EPA in its conditional 
approval of the MIA. 

Residual PCB Concentrations in Uncapped Sediments following Removal in Woods Pond 
under SED 10 

As discussed above, remediation in Woods Pond under SED 10 involves the removal of 2.5 
feet of sediment, with no replacement backfill or cap, in portions of the Pond containing 
generally higher PCB concentrations.  Since this alternative does not include capping or 
backfilling in Woods Pond 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 SED 10 was 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 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 SED 10.  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.  
As described in the 2009 Work Plan, this disparity is understandable because the EPA model 
calibration effort was focused on surface sediment PCB data (i.e., 0 to 6 inches).  Therefore, 
to resolve this difference in the model and in accordance with the 2009 Work Plan, the initial 
conditions for sediment PCB concentrations in the portion of Woods Pond subject to removal 
were adjusted to match the data-based average of 5 mg/kg. 

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 SED 10.  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.  Under this alternative, the 
portion of the Pond selected for removal 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 
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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 in the 2009 Work Plan).  
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.  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, the 0- to 6-inch sediment PCB concentrations in that 
portion of Woods Pond under SED 10 were also adjusted in the model, in accordance with 
the 2009 Work Plan, to match the data-based average of 7 mg/kg for simulation of SED 10.59 

These data-based adjustments were approved by EPA in its January 15, 2010 letter.60 

3.2.4.3 PCB Release during Excavation and Capping 

The rate of resuspension of PCBs during dredging or capping activities within the River will 
vary depending on the approach and type of equipment used.  As described in the CMS 
Proposal and the initial CMS Report, model simulations of remedial scenarios that include 
hydraulic dredging or mechanical dredging in the wet assumed a release to the water column 
of 1% of the mass of dredged sediment solids and PCBs for hydraulic dredging and 2% for 
mechanical dredging from a barge.  Releases of solids and PCBs during dredging were 
specified in the model as a mass flux that enters the water column from an individual grid cell 
undergoing dredging.  Simulations involving mechanical dredging in the dry, capping without 
removal, and thin-layer capping conservatively assumed that no mass of PCBs or solids 
would be released to the water column during such activities. 

In the 2009 Work Plan, GE explained that, since SED 9 would involve sediment excavation in 
Reach 5A using equipment operating in the river channel while the river water was flowing, 

                                                      

59  The fact that SED 10 would change the bathymetry of Woods Pond through removal of sediments 
with no replacement backfill or cap also required a revision of the model code.  Similarly, the model code 
needed to be modified to reflect the fact that SED 9 would involve, in the shallow area of Woods Pond, 
sediment removal to a depth greater than the thickness of the cap (i.e., 3.5-foot removal followed by 
placement of a 1-foot cap), which would likewise change the bathymetry of the Pond.  The model code 
revisions that were made to simulate such changes in the bathymetry of the Pond were described in 
Attachment B-1 to Appendix B to the 2009 Work Plan. 
60  In Comment #19 of that letter, EPA incorrectly stated that the average sediment PCB concentration 
for the portion of the Pond designated for sediment removal was calculated from the model results at the 
end of the validation period, while the average PCB concentration for the portion of the Pond subject to 
MNR was calculated from the data.  In fact, the values stated above (and in the original Work Plan) for 
both the removal and MNR areas of the Pond were calculated from the data.  Also, as directed by EPA 
in Comment #19, the same data-based approach was used to calculate average carbon-normalized 
sediment PCB concentrations, from which the nominal TOC for partitioning (FMD, Appendix B3, page 8) 
was calculated.  The TOC values specified for the model simulation of SED 10 in the remediated and 
MNR portions of the Pond were 5.0% and 5.4%, respectively.   
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the PCB resuspension rates during dredging would be higher than that previously approved 
for mechanical dredging from a barge in downstream areas.  Recognizing the uncertainty in 
estimating the resuspension rate associated with sediment excavation using equipment 
operating on the river bottom, GE proposed specifying the resuspension rate in the model for 
SED 9 in Reach 5A as a range (5% to 9%) to capture this uncertainty.  

In its January 15, 2010 letter, EPA rejected GE’s proposal and directed GE to use, in the 
evaluation of SED 9 in Reach 5A, the same 2% resuspension rate previously approved for 
mechanical dredging from a barge.  GE invoked dispute resolution on this directive.  In its final 
decision dated June 10, 2010, EPA upheld its prior decision and directed GE to use a 2% 
resuspension rate for the sediment removal activities in Reach 5A under SED 9.  As noted 
above, while GE disagrees with that decision, it has used the rate specified by EPA in the 
modeling of SED 9. 

3.2.4.4 Bank Soil Removal and Stabilization Assumptions 

In addition to removal and/or capping, SED 3 through SED 10 all include removal and 
stabilization of some or all erodible banks containing PCBs within the upper portion of the 
PSA.  The only such areas that have been identified and represented in EPA’s model are 
located within Reaches 5A and 5B.  For the simulation of these alternatives, bank 
removal/stabilization was represented in the model by setting the bank erosion rates to zero in 
the appropriate model grid cells. 

3.2.4.5 Bed Properties for Simulation of Backfill and Cap Placement 

Each of the alternatives that includes sediment removal provides for replacement to grade 
with backfill or a cap, with the exception of some portions of Woods Pond under SED 9 
(where the cap would be thinner than the depth of removal) and SED 10 (where there would 
be no replacement of the removed sediment).  In the model simulations of all alternatives, the 
physical properties of the backfill/cap material (e.g., grain size distribution, bulk density, 
porosity, and TOC) were assumed to be same as the properties of the native sediments 
removed.61  Likewise, for thin-layer capping, the bed properties of the cap material in the 
model were assumed to be the same as those of the surficial sediment layer.  This modeling 
simplification for caps and thin-layer caps was made to avoid the need to specify for each 
sediment alternative the various properties of backfill/cap material that are typically 
determined during design, as that was considered beyond the scope of the CMS.  This 
approach was discussed with EPA during a technical team meeting held in January 2007.   

                                                      

61  This includes the 6-inch “active,” or sorptive, layer which would be part of the cap in some areas 
under SED 9. 
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For the simulation of capping, based on the assumption that the cap would include an 
appropriately sized armor stone layer designed to resist erosion, the properties of the cap 
material were specified in the model such that erosion of the cap material would not occur.  
This was achieved in the model by specifying an additional non-cohesive sediment class for 
the cap material (specified as NC4, as documented in the Remediation Code technical 
memorandum [QEA, 2007]) having the same physical properties as the coarsest native non-
cohesive sediment class (NC3) but a higher critical shear stress to avoid erosion of the cap 
material. 

In the model, placement of a thin-layer cap or cap (without prior removal) was represented as 
an addition of those materials to the existing sediment surface.  This was achieved in the 
model by numerically altering the simulated sediment bed structure within the appropriate 
model grid cells to represent an “instantaneous deposition” of additional solids (representing 
placement of the cap/backfill material).  The mass of cap material added to the bed was 
based on the simulated thickness of the cap or the thin-layer cap.  As discussed in Section 
3.1.3, the simulated thin-layer cap and cap (without prior removal) thicknesses were 6 and 18 
inches, respectively, except under SED 9.  For SED 9, the simulated cap thickness in areas 
without prior removal (i.e., backwater areas with water depth greater than 4 feet) is 12 inches.  
In the model simulation, the thin-layer cap material (6 inches) was subject to mixing, erosion, 
and deposition, while the thicker cap was assumed to include armoring (except for the deep 
backwater cap in SED 9, which would not include an armor layer) as discussed above and 
thus would not be subject to erosion.  

3.2.5 CT 1-D Analysis 

The model developed by EPA does not extend below Rising Pond Dam and therefore it 
cannot be used to predict the response of the River in Connecticut to various potential 
remedial scenarios.  For this reason, GE developed a semi-quantitative one-dimensional (1-
D) framework that incorporates the available data from the Connecticut section of the River, 
as well as predictions from the EPA Downstream Model, to provide estimates of future 
changes in PCB concentrations within the major Connecticut impoundments of the River in 
response to remedial actions performed upstream.   

This framework, referred hereafter as the “CT 1-D Analysis,” was generally described in the 
CMS Proposal and conditionally approved by EPA in its April 13, 2007 letter.  In brief, the CT 
1-D Analysis estimates surface sediment and fish PCB concentrations within the Connecticut 
impoundments based on the following four steps: 

(1) Estimates of water column dissolved and particulate-phase PCB concentrations within the 
Bulls Bridge Dam impoundment were developed based on predictions from the EPA 
“Downstream Model” of PCB concentrations passing over Rising Pond Dam, modified by 
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an attenuation factor developed from spatial differences in river flow and suspended 
solids loading. 

(2) A one-dimensional mass balance model of the sediment column was developed to relate 
the calculated water column particulate-phase PCB concentrations (described in Step 1 
above) to estimated surface sediment PCB concentrations within the bioavailable zone of 
the Bulls Bridge Dam impoundment. 

(3) Attenuation factors developed from measured and estimated increases in river flow were 
applied to estimate water column and surface sediment PCB concentrations at the further 
downstream impoundments (Lake Lillinonah, Lake Zoar, Lake Housatonic) from PCB 
concentrations calculated for Bulls Bridge Dam as described in Steps 1 and 2 above. 

(4) The EPA FCM from Reach 8 (as directed by EPA in its conditional approval of the CMS 
Proposal) was utilized to simulate fish PCB concentrations in the four Connecticut 
impoundments using water column and surface sediment exposure concentrations 
calculated as described in Steps 1 through 3 above.   

A detailed description of the CT 1-D Analysis is presented in Appendix J.  As discussed in that 
appendix, while the CT 1-D Analysis provides a means of generally estimating the impact of 
the different sediment alternatives on the four major Connecticut impoundments, the results 
are very uncertain due to the empirical, semi-quantitative nature of the analysis, as well as the 
significant data limitations.   As such, the estimates cannot be regarded as reliable predictions 
of specific PCB concentrations, and thus cannot be used as a reliable way of making fine 
distinctions among the alternatives, particularly when the concentrations are low and 
generally similar. 

3.3 Method for Evaluating Impacts of Riverbank Stabilization and Riverbed Capping 
on Geomorphic Processes 

As part of the evaluations of the sediment alternatives, assessments have been conducted 
regarding the impacts of the bank stabilization work and sediment removal/capping activities 
on geomorphic processes affecting the River and the riverbank, including natural erosion and 
lateral movement of banks, sediment movement within the River, and other hydrological 
parameters of the River.  These assessments have focused on the impacts of the sediment 
alternatives within Reaches 5A and 5B because the bank stabilization activities would occur 
only in Reaches 5A and 5B and because the effects of sediment remediation on river 
morphology are potentially more significant in these two upper reaches than in the 
downstream reaches. 
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The impacts from the bank stabilization activities on natural erosion and lateral movement of 
the banks have been evaluated based on consideration of the geomorphic factors affecting 
the banks.  Specifically, since bank stabilization measures would be intended, by design, to 
prevent significant bank soil erosion and hold the banks in a stable state, they would, if 
successful, permanently curtail or eliminate the current bank erosion and lateral channel 
migration processes, which have produced a heterogeneous mix of riverbank features (e.g., 
vertical and undercut banks) that are important to several wildlife species.  These impacts are 
discussed further in Section 5.3.2 in connection with the ecological impacts of bank 
stabilization. 

In addition, both the bank stabilization and the sediment capping/armoring in Reaches 5A and 
5B would reduce the supply of sediment to the River, which has the potential to affect a 
number of in-river geomorphological processes (e.g., sediment transport as bedload or 
suspended load, point bar development, and channel width, depth, and slope, as determined 
by sediment deposition/erosion patterns), as well as certain other in-river processes (e.g., 
water depth and velocities).  The potential impacts of the sediment alternatives on these in-
river processes have been evaluated qualitatively from a geomorphology perspective.  In 
addition, a more quantitative assessment has been conducted with the EPA model to 
evaluate the potential impact of bank stabilization and riverbed armoring on the in-river 
geomorphic and hydrologic parameters.  This analysis used results from the simulation of 
each sediment alternative with EPA’s model to assess whether or not the reduced sediment 
load associated with bank stabilization and bed armoring would significantly impact in-river 
geomorphic processes, as indicated by changes in long-term sediment deposition and 
erosion patterns (i.e., bed elevation change).  For each sediment alternative, the model-
predicted bed elevation change within Reach 5 under the given alternative was compared to 
that predicted under no action (SED 1).  For these comparisons, differences in sediment bed 
elevation between simulations were used as surrogates for changes in the hydrologic 
parameters described above (water depth and velocity).  Changes in bed elevation are a 
reasonable surrogate for water depth and velocity since, as bed elevation increases with 
respect to an initial datum, current velocity tends to increase as water depth decreases (and 
vice versa).     

3.4 Method for Evaluating Impacts of Post-Construction Events on Remediated Areas 

For alternatives that include placement of a cap, a thin-layer cap, or backfill material, an 
evaluation was performed of the impacts of post-construction high-flow events on the stability 
of those materials in remediated areas.  To do this, model predictions of erosion during high-
flow events in areas receiving an engineered cap with an armor layer, a thin-layer cap, a cap 
consisting of an active layer overlain by a habitat/bioturbation layer (as specified by EPA for 
certain areas under SED 9), or backfill were evaluated to assess cap/backfill stability for each 
alternative.  Two metrics were used in this assessment: (1) the area predicted to remain 
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stable (i.e., undergo limited or no erosion) for the full duration of the model projection, 
including the extreme (50- to 100-year) flow event simulated in Year 26 (see Section 3.2.2);62 
and (2) the predicted impact of such erosion (if any) on reach-average 0- to 6-inch surface 
sediment PCB concentrations.  Since an engineered cap with an armor layer would be 
designed to resist erosion, the model inputs were specified accordingly, and thus such caps 
were predicted to be 100% stable.  For the other cover types, a thin-layer cap was considered 
stable when EPA’s model predicted that at least 1 inch of this material would remain for the 
full duration of the model projection; and backfill, as well as caps consisting of an active layer 
overlain by a habitat/bioturbation layer, were considered stable when at least 50% of the 
material remained for the full duration of the model projection (including the extreme flow 
event).  

In addition to impacts resulting from high-flow or storm events described above, there are a 
number of other processes that could cause deeper mixing in areas subject to thin-layer caps 
and, to a lesser degree, engineered caps.  One of these is turbulence generated by propeller 
wash from boat traffic (not simulated by the model), which has the potential to cause scour of 
the sediment bed and thus of any cap or thin-layer cap.  The potential for sediment bed scour 
from propeller wash depends on such factors as boat motor horsepower, size of propeller, 
water depth, etc.  However, GE has not observed engine-propelled boat traffic of any 
significance in areas where thin-layer capping would be applied under any alternative.  If 
these boats were used on the River, it is anticipated that this traffic would be within deeper 
water areas, thereby lessening the effects of propeller wash on the sediment bed.  For areas 
subject to engineered caps, where cap erosion is considered likely, the caps would be 
designed with an armor stone layer to withstand propeller-generated turbulence.  While 
disturbances could also result from boat anchors and canoes, these effects are anticipated to 
be localized and minimal in severity.  For these reasons, the potential impact of boat traffic on 
caps or thin-layer caps has not been separately considered in the detailed evaluation of the 
individual sediment alternatives in Section 6.  

GE has also evaluated the potential impacts to the thin-layer or engineered caps from 
“megafauna.”  This evaluation focused on common fish species observed in the Housatonic 
River, most notably carp (bottom feeder) and largemouth bass (nest-builder).  Both of these 
fish species are abundant, reach large sizes in the Housatonic River, and may be expected to 
impact sediments more than other fish species that perform a similar function (e.g., bottom 
feeding by bullhead, nest-building by bluegill).  This evaluation was presented in the 
Response to General Comment 15 in the Interim Response.  As discussed there, the feeding 
and spawning activities of carp are not expected to impact engineered caps that contain an 

                                                      

62  Review of model results indicated that, in general, the most significant erosion is predicted to occur 
during the extreme flow event.  Thus, that event was a primary focus of this analysis (although other high 
flow events occurring within the projection period were evaluated as well). 
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armor layer due to the presence of the armor stone that would be designed to withstand 
effects from biota/bioturbation and the fact that spawning typically does not occur in the 
channel areas subject to such caps (but rather in the backwater areas).  However, carp may 
have some influence on portions of thin-layer caps or engineered caps without an armor layer 
due to foraging in sediments, uprooting of plants, and thrashing behavior during spawning.  
Similarly, the feeding and spawning activities of largemouth bass are not expected to impact 
the engineered caps that contain an armor layer due to the presence of the armor stone, but 
may have some influence on portions of the thin-layer caps or engineered caps without an 
armor layer by excavating nests.  In these circumstances, in the detailed evaluation of 
sediment alternatives, the potential effect of bioturbation by megafauna has not been 
separately considered for engineered caps that contain an armor layer, but has been 
considered qualitatively in the assessment of thin-layer caps and other caps that do not 
contain an armor layer.        

In short, for the above reasons, in the detailed evaluations of the sediment alternatives in 
Section 6, the assessment of the potential impacts of post-construction physical events on 
engineered caps, thin-layer caps, and backfill has focused primarily on the effects of high 
flow/storm events, with some qualitative consideration of the effects of bioturbation on thin-
layer and other caps without an armor layer.   

3.5 Spatial Scale and Other Averaging Assumptions for Model Simulations 

A number of quantitative forecast metrics generated from the model outputs were used to 
differentiate the impacts of remedial alternatives on PCBs in the water column, sediment, and 
fish.  The primary metrics include water column concentrations at several key locations (i.e., 
the same locations used for model calibration and validation by EPA), surface sediment 
concentrations averaged over various spatial scales (see Section 3.3.1), and fish tissue 
concentrations averaged by subreach.63  For the fish tissue evaluations, as discussed in 
Section 3.3.2, model-computed whole-body PCB concentrations were converted to fillet-
based concentrations for use in the evaluation of human receptors, while whole-body 
concentrations for various species and size classes were used in the evaluation of ecological 
receptors. 
                                                      

63 GE identified an inconsistency in reach definitions between what EPA defined in the model as 
Reaches 5D and 6 and how GE operationally defined these reaches for the purposes of the CMS 
remedial alternatives.  The boundary between Reaches 5C and 6 that GE defined in the CMS Proposal 
is further south than the definition of that boundary in the EPA model; the boundary was moved further 
south for the purposes of the CMS because the point where the River changes from the narrow entry 
channels to where it opens up to the much wider pond itself serves as an obvious break-point where 
different remedial technologies may be used and/or different constructability issues may be encountered.  
Also, the EPA EFDC model included one large backwater in the average for Reach 6, rather than in 
Reach 5D (the backwater reach).  With EPA concurrence, the definition of these reaches in EFDC has 
been modified to be consistent with the definition of these reaches used for the CMS. 



 

 3-50 

Revised Corrective 
Measures Study Report 

Housatonic River – 
Rest of River 
 

In addition, several other model output metrics were used to support the evaluation of 
alternatives discussed in Section 6, including: 

• Four-day average water column PCB concentrations for comparison to the PCB ambient 
water quality criterion for freshwater chronic aquatic life; 

• The water column PCB load transported to downstream reaches, which was quantified as 
the annual PCB loads exiting the PSA (i.e., load passing Woods Pond Dam) and exiting 
the Downstream Model domain (i.e., load passing Rising Pond Dam that enters Reach 9) 
at the end of the simulation; 

• Estimates of the mass of PCBs removed/remaining after completion of removal actions; 

• Calculations of the extent of erosion, if any, occurring in areas that were simulated to 
receive caps or thin-layer caps (as discussed in Section 3.4); 

• The annual PCB flux from the River to the floodplain in the PSA at the end of the 
simulation (computed to evaluate the change in mass of PCBs transported from the River 
to the floodplain due to the various sediment alternatives);  

• The PCB mass transported during the simulated extreme event (described in Section 
3.2.2.1); and 

• Changes in the PCB and sediment mass trapping efficiency of Woods Pond that would 
result from certain remedial actions in the Pond – i.e., deepening of the Pond due to 
sediment removal without any replacement or with replacement by a cap that is thinner 
than the removal depth, or reduction in water depth due to placement of a cap or thin-
layer cap without removal.  This change has been quantified as the average change in 
PCB or sediment load entering and exiting the Pond after remediation. 

The following sections describe specific averaging assumptions and spatial scales over which 
model outputs were evaluated in the Revised CMS.  Most of these were dictated by the 
averaging areas and assumptions associated with the applicable IMPG comparisons. 

3.5.1 Evaluation of Achievement of Ambient Water Quality Criteria 

The potential chemical-specific ARARs, set forth in the ARARs tables in Appendix C, include 
federal and state ambient water quality criteria for PCBs.  One of these criteria is the 
freshwater chronic aquatic life criterion of 0.014 μg/L.  This criterion, like other criteria 
continuous concentration (CCC) values developed by EPA for aquatic life protection, is based 
on a 4-day average not to be exceeded more than once every 3 years (see 40 CFR § 
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131.36(c)(2)(ii)).  However, it is unclear whether the 4-day averages to be used in comparing 
water quality data to this criterion are to be calculated as rolling averages (i.e., starting a new 
4-day average each day) or 4-day “block” averages.  To assess this issue, in Response to 
Specific Comment 62 in the Interim Response, GE presented 4-day averages computed both 
ways over the last three years of the model projections for the sediment alternatives 
evaluated in the original CMS Report (SED 1 through SED 8), and then compared those 
averages to the freshwater aquatic life criterion to estimate the number of exceedances during 
this period.  Review of these comparisons indicated that the predicted exceedances for most 
of the sediment removal alternatives (SED 3 through SED 6 and SED 8) using the rolling 
average method were driven by a single high-flow event.  In this situation, and given that the 
criterion permits one allowable exceedance in a 3-year period, GE concluded that use of 
block averages is more appropriate for assessing achievement of this criterion.   

The discussions of individual sediment alternatives in Section 6 of this Revised CMS Report 
present 4-day averages computed both ways over the last 3 years of the model projection.  
However, based on the above-described analyses, the evaluations of whether those 
alternatives would achieve the freshwater aquatic life criterion are based on the 4-day 
averages computed using the “block” averaging method. 

By contrast, the ambient water quality criteria for human health protection from consumption 
of water and organisms (or organisms only) are based on lifetime exposure.  Thus, 
achievement of these criteria is evaluated by comparing annual average water column 
concentrations to those criteria.  

3.5.2 Evaluation of Sediment PCB Levels 

To assess post-remediation sediment concentrations resulting from the sediment alternatives, 
the model-predicted spatial and temporal distributions of PCBs within river sediments were 
quantified as subreach-averaged surface sediment PCB concentrations.  For the evaluation of 
post-remediation sediment levels in Connecticut, temporal distributions of surface sediment 
PCB concentrations were generated for each of the impoundments modeled as part of the CT 
1-D Analysis (i.e., Bulls Bridge, Lake Lillinonah, Lake Zoar, and Lake Housatonic; averaged 
by impoundment).  For the purposes of these evaluations, as well as for making comparisons 
to IMPGs, the surface sediment layer was defined as the top 6-inch average in the model 
outputs, consistent with the depth interval used by EPA to calculate risks to human and 
ecological receptors from exposure to sediments in the HHRA and ERA, respectively. 

For comparison to the various sediment IMPGs, model outputs were averaged using the 
same averaging areas that were used to develop the IMPG values, as described below: 
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Human Direct Contact with Sediments 

Model-predicted surface sediment concentrations were averaged over each of the eight 
sediment exposure areas identified in the HHRA: 

• SA 1:  Confluence to New Lenox Road. 

• SA 2:  New Lenox Road to Woods Pond Headwaters. 

• SA 3:  Woods Pond. 

• SA 4:  Columbia Mill Dam impoundment. 

• SA 5:  Eagle Mill Dam impoundment. 

• SA 6:  Willow Mill Dam impoundment. 

• SA 7:  Glendale Dam impoundment. 

• SA 8:  Rising Pond.  

As defined in the HHRA, the sediment exposure areas associated with the various 
impoundments (i.e., SA 3 through SA 8) generally only extend approximately 6 meters from 
shore.  Due to the coarser spatial resolution of the EFDC model grid in shoreline areas (i.e., 
model grid cells generally extend anywhere from 20 to 60 meters from shore), model grid cells 
adjacent to the shoreline for these impoundment areas were selected as representative of the 
6-meter exposure area.  Figures 3-15a and 3-15b illustrate the model grid cells selected to 
represent the sediment human direct contact exposure areas in Reaches 5/6 and 7/8, 
respectively. 

Benthic Invertebrates 

For comparison to the benthic invertebrate IMPGs, model-predicted surface sediment 
concentrations were averaged over individual spatial bins in Reaches 5 and 6, as directed by 
EPA (see April 13, 2007 conditional approval letter for the CMS Proposal).  For Reaches 7 
and 8, surface sediment concentrations were averaged over each of the EPA-defined 
channel/impoundment subreaches, as EPA did not develop spatial bins for those reaches; 
these subreaches were thus used as averaging areas for evaluating benthic invertebrate 
exposure in this portion of the River.  Figures 3-16a and 3-16b present the averaging areas 
used for benthic invertebrate sediment IMPG comparisons in Reaches 5/6 and 7/8, 
respectively. 
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Amphibians (represented by Wood Frog) 

The primary averaging areas for assessing amphibian IMPGs are the vernal pools, which 
were evaluated as part of the floodplain (see Section 5.2.3.1).  However, as directed by EPA 
(see April 13, 2007 conditional approval letter for the CMS Proposal), individual backwater 
areas were also included as sediment averaging areas used for comparison to the amphibian 
IMPGs.  The areas treated as backwaters in these evaluations (as shown on Figure 1-1) were 
delineated based on EPA mapping of habitat types in the ERA (including vernal pools), EPA 
mapping of “boatable” areas in the HHRA, and review of aerial photography.  Figure 3-17 
shows the model grid cells that were averaged to represent these backwater areas for use in 
amphibian IMPG comparisons for the sediment alternatives. 

Insectivorous Birds (represented by Wood Duck) 

As described in Section 4.2.3.3, GE has used a conservative 1-km foraging range for wood 
ducks to establish averaging area boundaries within the floodplain of the PSA.  For 
comparison to pre-set target sediment levels (as defined in Section 2.2.2.3) for the 
assessment of insectivorous birds, the same 1-km averaging areas used in the comparison to 
floodplain IMPGs were utilized.  (These averaging areas were also used in evaluating 
whether the combined sediment-floodplain alternatives would attain the insectivorous bird 
IMPG, as discussed in 4.2.3.5.)  Figure 3-18 shows the EFDC grid cells that were used to 
define the 1-km sediment averaging areas for these comparisons. 

Piscivorous Mammals (represented by Mink) 

As described in Section 4.2.3.4, GE has used two averaging areas (as specified by EPA) to 
represent mink foraging areas within the floodplain – one consisting of Reaches 5A and 5B 
and one consisting of Reaches 5C, 5D, and 6.  For comparison to pre-set target sediment 
levels (as defined in Section 2.2.2.3) for the assessment of piscivorous mammals, the same 
averaging areas used in the comparison to floodplain IMPGs were used.  (These averaging 
areas were also used in evaluating whether the combined sediment-floodplain alternatives 
would attain the piscivorous mammal IMPGs, as discussed in 4.2.3.5.)  Figure 3-19 shows the 
EFDC grid cells that were used to define the sediment averaging areas for these 
comparisons. 

3.5.3 Evaluation of Fish PCB Levels 

As described above, comparisons of model-predicted fish concentrations to the relevant 
IMPGs were conducted on the scale of an individual subreach (the same scale used in the 
development, calibration, and validation of the EPA FCM, and the scale at which the FCM 
provides outputs).  In addition, other averaging criteria were applied (e.g., averaging across 
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fish species and size classes) so that the comparisons of IMPGs to the model outputs agreed 
with the assumptions used in EPA’s HHRA and ERA.  Below is a summary of the various 
averaging assumptions applied to the FCM output for comparison with the human health and 
ecological IMPGs that apply to fish. 

Human Consumption 

For the human health IMPG comparisons in the Massachusetts portion of the River, 
largemouth bass (the top predator “game fish” in the EPA model) age classes 6-10 were used 
as representative species and age classes for human consumption of fish.  Age classes 6-10 
represent the sub-population of fish that meets or exceeds the legal size limit for largemouth 
bass of 12 inches. 

In EPA’s September 2008 comments on the CMS Report (Specific Comment 38), the Agency 
requested GE to include a discussion of the sensitivity of the model to the use of solely 
largemouth bass, as opposed to the “blended fish” calculations used in the HHRA.  Appendix 
H contains an EPA memorandum describing the blended fish calculation, while Appendix I 
contains the results of GE’s sensitivity analysis. 

For the four impoundments in the Connecticut portion of the River, the comparisons to the 
human health IMPGs used PCB concentrations in smallmouth bass (the top predator) 
extrapolated from the FCM in the CT 1-D Analysis.  Although EPA’s FCM was calibrated and 
validated for largemouth bass, it is reasonable to use the concentrations in smallmouth bass 
that were extrapolated from that model, since the lipid content in smallmouth bass in 
Connecticut is generally similar to that in largemouth bass upstream of Woods Pond Dam.  
Specifically, a comparison of lipid content in smallmouth bass fillets from Connecticut and 
largemouth bass fillets collected upstream of Woods Pond Dam (presented by GE in the 
Response to Specific Comment 126 in the Interim Response) indicates that the central 
tendency in lipid content between the two species is relatively similar; the arithmetic mean 
lipid content is approximately 1.4% for largemouth bass and 1.2% for smallmouth bass.   

Also, the EPA FCM is designed to predict PCB levels in whole-body fish.  Therefore, to 
evaluate model scenario outcomes for game fish fillet PCB concentrations on a wet weight 
basis (the endpoint for human consumption), modeled whole-body results were converted to 
their fillet equivalent by dividing the model-predicted PCB concentrations by a factor of 5, as 
directed by EPA in its April 13, 2007 conditional approval letter for the CMS Proposal and its 
follow-up letter of May 22, 2007 regarding the dispute resolution on that letter.  
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Ecological Receptors 

For the comparisons to the ecological IMPGs based on fish PCB concentrations, three 
endpoints were evaluated:  fish protection, consumption of fish by threatened and 
endangered species (represented by bald eagle), and consumption of fish by piscivorous 
birds (represented by osprey).  For each of these endpoints, the comparisons of predicted fish 
tissue concentrations to the fish tissue IMPGs were made for each subreach from the 
Confluence through Reach 8 (Rising Pond).64  Specific assumptions for each of these 
receptors are described below. 

Fish Protection:  For the fish protection IMPG comparisons, average largemouth bass (age 
classes 1 through 10) were used as representative species and age classes for warmwater 
fish species.65  Largemouth bass, a top predator, is conservatively representative of 
warmwater species since it generally has the highest PCB concentrations among the trophic 
levels simulated by the model.   

For coldwater fish (trout below the PSA), largemouth bass (age classes 1 through 10) were 
used as a surrogate, as trout are not a modeled species.  As noted by EPA in its September 
2008 comments on the CMS Report (Specific Comment 59), the use of largemouth bass as a 
surrogate species for coldwater fish required the development of a scaling factor to account 
for lipid differences between largemouth bass and trout.  An analysis presented by GE in the 
Response to Specific Comment 59 in the Interim Response indicated that wet-weight PCB 
concentrations in trout may be approximated by multiplying model predictions for largemouth 
bass by a factor of 2.  This factor of 2 was thus applied to model-predicted largemouth bass 
PCB concentrations in the evaluations of IMPG attainment for coldwater species presented in 
Section 6. 

Threatened and Endangered Species (represented by Bald Eagle):  For the IMPG 
comparisons for threatened and endangered species, model-predicted PCB concentrations 
from fish greater than 120 millimeters (mm) in total length, which corresponds to the size 
range used by EPA for assessing risks to bald eagle in the ERA, were averaged for each 
subreach.  The resulting ranges of modeled age classes corresponding to this length are 
shown for each species simulated by FCM (i.e., largemouth bass, sunfish, cyprinids, brown 
bullhead, and white sucker) in Table 3-9.  To determine the overall PCB concentration in fish 
prey consumed by bald eagles, the modeled PCB concentrations in each of these species for 

                                                      

64 Such comparisons have not been made specifically for the Connecticut impoundments.  Those 
comparisons are not necessary because all modeled fish PCB levels estimated for those impoundments 
at the end of the projection period under all alternatives are well below all the fish tissue IMPGs for 
ecological receptors.         
65  Largemouth bass generally reach sexual maturity within 5 months. 
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the relevant age class were determined (for each subreach), and then averaged using 
weighting factors based on prey preferences for bald eagle, as presented in the ERA.66  The 
weighting factors used are shown in Table 3-10 for each subreach. 

Piscivorous Birds (represented by Osprey):  For the IMPG comparisons for piscivorous birds, 
model-predicted PCB concentrations from fish corresponding to 130 to 400 mm total length, 
which corresponds to the size range used by EPA for assessing risks to osprey in the ERA, 
were averaged for each subreach.  The resulting ranges of modeled age classes 
corresponding to this length range are shown for each species simulated by FCM in Table 
3-11.  Similar to the procedure used for threatened and endangered species, the overall PCB 
concentration in fish prey consumed by osprey was calculated by averaging the predicted 
PCB concentrations in the five modeled species for the relevant age classes.  In this case, 
since the ERA averaged PCB concentrations across all species in assessing risk to osprey, 
the predicted PCB concentrations for the five modeled fish species were weighted equally, 
except in reaches where there were no data for a particular species (e.g., no brown bullhead 
data in Reach 5A; no white sucker data in Woods Pond).  The weighting factors used in these 
calculations are provided in Table 3-12. 

In its September 2008 comments on the CMS Report (Specific Comment 60), EPA stated that 
it disagrees with this assignment of feeding preferences for osprey, and that it results in fish 
tissue PCB concentrations that are approximately 16% less than those calculated by EPA 
using an alternate method favored by EPA.  GE does not agree with EPA’s alternate 
parameterization of osprey feeding preferences for the reasons given in the Response to 
Specific Comment 60 in the Interim Response.  Nevertheless, a sensitivity analysis has been 
conducted which assessed the impacts of increasing the concentrations calculated using the 
method described above by 16% on attainment of the IMPG for piscivorous birds.  That 
sensitivity analysis is included in Appendix I and is referenced in the evaluations in Section 6 
of the extent to which each sediment alternative would achieve the IMPG for piscivorous 
birds. 
                                                      

66  This procedure involved averaging across model predictions for largemouth bass, sunfish/cyprinids 
(50:50 split between these two species), and brown bullhead/white sucker (50:50 split between these 
two species, except where there were no data for one of those species – e.g., no brown bullhead data in 
Reach 5A, no white sucker data in Woods Pond).  Weighted averages were calculated using weighting 
factors derived from Table K.2-1 of the ERA, which lists the following prey preferences for bald eagle:  
50.6% bottom feeders, 16.2% predatory fish, 11.8% forage fish, and an assumed value of 21.4% 
birds/mammals.  However, the IMPG for bald eagle is based on whole-body fish tissue PCBs (i.e., no 
consumption of birds/mammals); therefore, the fish portion of the bald eagle diet was scaled to sum to 
100%.  As a result, the following weighting factors were used to average the model-predicted 
concentrations:  64.4% bottom feeders, 15.0% forage fish, and 20.6% predatory fish.  In addition, 
weighting factors varied by subreach based on the available prey (e.g., because there were no brown 
bullhead data in Reach 5A, bottom feeders were represented entirely by white sucker in that reach, 
whereas other reaches having data for both species used an average of the two to represent bottom 
feeders), as shown in Table 3-18. 
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3.6 Model Application and Output Graphics 

The model was applied to each of the ten sediment alternatives to predict the water column, 
surface sediment, and whole-body fish PCB concentrations that would result from 
implementation of that alternative, using the averaging areas and other averaging 
assumptions described in Section 3.5.  As noted above, fish fillet PCB concentrations were 
estimated by dividing the model-predicted whole-body results by a factor of 5, as directed by 
EPA.  The model results are presented and discussed in the evaluations of the individual 
sediment alternatives in Section 6 (and considered in the comparative evaluations of 
combined sediment-floodplain alternatives in Section 8).  The main evaluations presented in 
those sections are based on model predictions using the “base case” input assumptions.  
However, the model predictions using the alternative, “lower bound” input assumptions that 
EPA directed GE to use are also discussed in terms of the extent to which they would impact 
the comparisons of the model results to the relevant IMPGs.  Table 3-13 below provides a 
summary of the base case and lower bound model input parameter assumptions approved by 
EPA (discussed further in Section 3.2). 

Table 3-13 – Comparison of Base Case and Lower Bound Assumptions Used in 
Modeling Projections 

Parameter Base Case Lower Bound 

Percent reduction in particulate-phase 
PCB concentrations for “future” East 
Branch boundary condition, at flows ≥ 
550 cfs 

50% reduction from “current” 
condition 

75% reduction from 
“current” condition 

PCB concentration in cap/backfill 
materials in milligrams per kilogram 

0.021 mg/kg 0 mg/kg 

Mixing between cap materials and 
native sediments (cap placement with 
no prior removal) 

99% reduction efficiency 100% reduction efficiency 

In addition, as also noted above, in cases where the IMPGs are not predicted to be achieved 
by the end of the model projection period, the time to achieve the IMPGs has been estimated 
by extrapolating the model results beyond that period, using the extrapolation method 
described in Section 3.2.1.  Although these extrapolations are highly uncertain, they have 
been included in the evaluation in Section 6 and considered in the comparative evaluations in 
Section 8 at the direction of EPA. 

To support the model-based evaluations presented in Sections 6 and 8, a complete set of 
graphics generated from the model results is contained in Appendix K.  These graphics are 
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provided for the model simulations for each of the ten alternatives, for both the base case and 
the EPA-directed “lower-bound” simulations.  In addition, several of the model output time-
series were plotted over both the standard 52-year projection period (or 30 years post 
remediation), as well as over an extended time scale to display the results from the EPA-
directed extrapolation that was used to estimate the time to achieve IMPGs in cases where 
they were not predicted to be achieved during the model simulation period.  Below is a brief 
summary of the graphics included in Appendix K. 

• Appendix K-1: Temporal profiles of model-predicted PCB concentrations in surface water 
(annual average concentrations at Holmes Road, New Lenox Road, Woods Pond 
Headwaters, and Woods Pond Outlet), subreach-average surface sediments, whole body 
fish, and fish fillets (using the largemouth bass age classes specified for the human health 
IMPG comparisons described in Section 3.5.3 above). 

• Appendix K-2:  Spatial profiles of surface sediment PCB concentrations at the start and 
end of the model projection period. 

• Appendix K-3:  Temporal profiles of model-predicted surface sediment concentrations 
averaged over each of the eight sediment exposure areas used in the assessment of 
human direct contact with sediment (SA 1 through SA 8, as identified in the HHRA).  
These charts indicate the various IMPGs for human direct contact with sediments and 
illustrate the estimated time to achieve those IMPGs. 

• Appendix K-4:  Temporal profiles of model-predicted surface sediment concentrations 
averaged over the spatial bins used in the assessment of the benthic invertebrate IMPGs.  
These charts indicate the upper- and lower-bound IMPGs for benthic invertebrates, and 
illustrate the estimated time to achieve those IMPGs. 

• Appendix K-5:  Temporal profiles of model-predicted surface sediment concentrations 
averaged over the individual backwaters used in the assessment of the amphibian 
IMPGs.  These charts indicate the upper- and lower-bound IMPGs for amphibians, and 
illustrate the estimated time to achieve those IMPGs. 

• Appendix K-6:  Temporal profiles of model-predicted surface sediment concentrations 
averaged over the 1-km averaging areas used in the assessment of insectivorous birds 
(wood ducks).  These charts indicate the 1, 3, and 5 mg/kg sediment target levels, and 
illustrate the estimated time to achieve those levels. 

• Appendix K-7:  Temporal profiles of model-predicted surface sediment concentrations 
averaged over the two averaging areas used in the assessment of piscivorous mammals 
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(mink) (Reaches 5A/5B and Reaches 5C/5D/6).  These charts indicate the 1, 3, and 5 
mg/kg sediment target levels, and illustrate the estimated time to achieve those levels. 

• Appendix K-8:  Temporal profiles of model-predicted fish concentrations averaged by 
subreach and converted to a fillet basis using the assumptions for human consumption 
described in Section 3.5.3 above.  These plots also include results from the CT 1-D 
Analysis for the four impoundments in the Connecticut portion of the River.  These charts 
indicate the various IMPGs developed for human consumption of fish, and illustrate the 
estimated time to achieve those values. 

• Appendix K-9:  Temporal profiles of model-predicted fish concentrations averaged by 
subreach using the assumptions for warmwater fish protection described in Section 3.5.3 
above.  These charts indicate the warmwater fish protection IMPG, and illustrate the 
estimated time to achieve that value. 

• Appendix K-10:  Temporal profiles of model-predicted fish concentrations averaged by 
subreach using the assumptions for coldwater fish protection described in Section 3.5.3 
above.  These charts indicate the coldwater fish protection IMPG, and illustrate the 
estimated time to achieve that value. 

• Appendix K-11:  Temporal profiles of model-predicted fish concentrations averaged by 
subreach using the species and size class assumptions for consumption of fish by 
threatened and endangered species (bald eagle) described in Section 3.5.3 above.  
These charts indicate the threatened and endangered species IMPG, and illustrate the 
estimated time to achieve that value. 

• Appendix K-12:  Temporal profiles of model-predicted fish concentrations averaged by 
subreach using the species and size class assumptions for consumption of fish by 
piscivorous birds (osprey) described in Section 3.5.3 above.  These charts indicate the 
piscivorous bird IMPG, and illustrate the estimated time to achieve that value. 

• Appendix K-13:  Temporal plots overlaying model results from all ten sediment 
alternatives to facilitate comparisons.  These plots show predicted concentrations of 
PCBs in subreach-average surface sediments and fish fillets (using the largemouth bass 
age classes specified for the human consumption IMPG comparisons described in 
Section 3.5.3 above) for all subreaches within Reaches 5 through 8. 

3.7 Approach to Post-Construction Operation, Monitoring, and Maintenance 

Post-construction OMM would be a component of each sediment alternative (except SED 1), 
and has been assumed for purposes of the evaluations herein to include a 5-year OMM 
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program for restoration and a long-term post-remediation OMM program.  This section 
describes the general elements that will be assumed to be part of these programs (to avoid 
repetition of that general description under each sediment alternative).  Note that the 5-year 
restoration OMM program would not apply to SED 2 since no restoration would be necessary 
under that alternative.     

3.7.1 5-Year OMM Program for Restoration Measures 

The approach to the OMM program for restoration assumed for this Revised CMS Report has 
been developed in consideration of the OMM requirements specified in the following 
documents:  Removal Action Work Plan - Upper ½-Mile Reach Housatonic River (BBL, 1999); 
Interim Post-Removal Site Control Plan for the 1½-Mile Removal Reach (Weston Solutions, 
2008); Final Completion Report for Removal Action for Housatonic River Floodplain – Current 
Residential Properties Adjacent to 1½-Mile Reach (ARCADIS, 2008); and Final Completion 
Report for Removal Action for Housatonic River Floodplain – Non-Residential Properties 
(ARCADIS, 2010).  Additional information on restoration methods under the sediment 
alternatives is provided in Section 5.3 below. 

Based on review of this information, GE has assumed for purposes of the evaluations herein 
that the OMM program for areas remediated under the sediment alternatives (riverbank, in-
river, and support areas established in the floodplain) would include the following components 
for a 5-year period after completion of installation of restoration measures in those areas: 

• Periodic inspections of stabilized riverbanks and of affected floodplain areas (where 
access roads, staging areas, and other support facilities were located) to assess: (a) the 
effectiveness of erosion controls in areas where vegetation is not yet established; (b) any 
areas where excessive settlement has occurred relative to the surrounding areas; (c) any 
drainage problems; (d) any areas of erosion or bank instability; and (e) other conditions 
that could jeopardize the performance of the completed restoration measures (e.g., 
burrows, vehicle ruts); 

• Periodic inspections of areas of replanted vegetation on riverbanks and affected 
floodplain areas, including trees (where planted), shrubs, and herbaceous vegetation, to 
assess planting survival rates, extent of herbaceous cover, and presence and extent of 
any invasive species – on a semi-annual basis for that 5-year period, with a qualitative 
assessment in the spring and a quantitative assessment in designated monitoring plots in 
the summer to evaluate the achievement of various specific performance standards; 

• Annual inspections of any in-river structures or features (e.g., large woody debris, 
boulders) that are installed are part of the restoration to replace existing 
structures/features; 
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• If appropriate, further evaluation to assess the causes or extent of any problematic 
conditions noted during the above inspections; and 

• Performance of maintenance, repair, and other corrective actions as necessary and 
feasible to address any physical deficiencies noted during the above inspections – e.g., 
repair of riverbank stabilization measures or placement of additional bank stabilization 
measures; placement of additional topsoil in areas of erosion or settlement; additional 
planting, seeding, and/or fertilization (if necessary) to replace dead, dying, or sparse 
vegetation; removal or control of invasive species where necessary and practicable; 
removal of other vegetation that is adversely affecting the survival of the vegetation 
planted; removal of trees on bank slopes to prevent bank destabilization; and other 
actions identified in the applicable restoration plans as appropriate for correcting 
structural conditions that are not meeting applicable performance standards.      

For purposes of cost estimating within this Revised CMS Report, it has been assumed that 
restoration OMM activities would be conducted for 5 consecutive years after completion of the 
remediation/restoration activities in a given area.  While it is difficult to make a reliable 
estimate of the costs of the particular OMM activities identified above prior to the development 
and EPA review of a detailed restoration and OMM plan, a rough general estimate has been 
made for each sediment alternative for purposes of this report.   

3.7.2 Long-Term Post-Remediation OMM Program 

A long-term OMM program has been developed for purposes of this revised CMS Report for 
each sediment alternative (except SED 1).  The program specific to each alternative is 
presented in Section 6, and typically includes fish, water column, and sediment sampling, as 
well as visual inspections of the caps and thin-layer caps where they are part of the 
alternative.  Based upon EPA’s request, it has been assumed for cost estimating purposes 
that this program would be conducted for a period of 100 years.  The revised OMM 
components are summarized in Table 3-14.      

Maintenance activities for the sediment alternatives are intended to promote the ongoing 
performance of the implemented remedy and would be undertaken as necessary based on 
the results of the monitoring activities described above.  Technologies included in the 
sediment alternatives were selected for application in the River where site conditions are 
expected to support long-term reliability with minimal maintenance requirements; however, as 
necessary, maintenance activities would be performed.  These activities could include repair 
of the armor layer of the cap, repair of the bank stabilization materials, and removal of trees 
on bank slopes to prevent bank destabilization.  In addition, details on potential maintenance 
activities for the restoration components are provided above under the 5-year OMM program 
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for restoration.  It is also anticipated that the visual inspections of the caps and thin-layer caps 
(where applicable) would be performed following significant storm events.   

3.8 Approach to Consideration of Institutional Controls 

3.8.1 Fish Consumption Advisories 

In addition to the remedial activities described above, each sediment alternative would include 
the use of institutional controls in the form of continued fish consumption advisories as 
necessary until such time as the state departments of health determine that such advisories 
are no longer needed.  EPA’s Contaminated Sediment Remediation Guidance for Hazardous 
Waste Sites (EPA, 2005d) notes that “institutional controls are frequently evaluated as part of 
sediment alternatives to prevent or reduce human exposure to contaminants” and that 
“institutional controls such as fish consumption advisories . . . are frequently a part of 
sediment alternatives, especially where contaminated sediment is left in place, or where 
remedial goals in fish tissue cannot be met for some time” (EPA, 2005d).  GE recognizes 
that the use of such institutional controls has limitations.  As indicated in EPA’s guidance, 
“some people will disregard advisories despite best efforts to communicate risk, and 
advisories have no ability to reduce ecological exposures” (EPA, 2005d).  Nevertheless, 
where sediment remediation would not result in fish PCB levels considered protective for 
unrestricted human consumption, there is no alternative to the use of continued fish 
consumption advisories to provide human health protection; and thus such advisories have 
been included as part of all such alternatives for that purpose.   

As also indicated in EPA’s guidance document (EPA, 2005d), “where advisories or bans are 
relied upon to reduce human health risk for long periods, public education, and where 
applicable, enforcement by the appropriate agency, are critical.”  GE has assisted both 
Massachusetts and Connecticut in warning and educating the public about the biota 
consumption advisories along the Housatonic River.  Since the early 1980s, signs have been 
posted along the River warning of the advisories.  Beginning in 1994, GE has undertaken 
periodic inspections of the signs posted along the Massachusetts portion of the River and 
worked with EPA, MDEP, and/or the Massachusetts Department of Public Health (MDPH) to 
maintain and replace those signs as necessary.  The most recent such inspection and sign 
replacement effort was conducted in July 2010.  GE has also periodically provided fishing and 
hunting license sales agents in Berkshire County with cards that describe the PCB biota 
consumption advisory, for distribution to those obtaining licenses.  In Connecticut, GE has 
cooperated with CDEP in publicizing the biota consumption advisories by preparing signs (in 
English and other languages), flyers, and pamphlets describing the advisories and providing 
them to CDEP for posting and distribution.  Under all the sediment alternatives, GE would 
plan to work with the relevant state agencies in continuing such efforts to disseminate 
information about the advisories as appropriate.      
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3.8.2 Institutional Controls Relating to Sediment/Soil Management at Dams and 
Bridges 

In General Comment 7 on GE’s CMS Report, EPA asked GE to “provide a conceptual 
approach for an institutional control pertaining to the monitoring, management and or disposal 
of sediment and/or bank soil containing PCBs associated with the maintenance, new 
construction, or removal of structures that are performed by another party, including but not 
limited to dams and bridges in the Rest of River.”  GE addressed this comment in its 
Response to General Comment 7 in the Interim Response and reiterates that response here.     

The two principal dams in the Massachusetts portion of the River, Woods Pond Dam and 
Rising Pond Dam, are owned by GE and subject to the CD.  GE monitors and maintains 
these dams through frequent visual inspections, more detailed inspections of the dams’ 
structural integrity on a periodic basis (with reports to EPA and the Natural Resource 
Trustees), and the performance of maintenance and repairs as needed.  Given GE’s liability 
under the CD in the event of a failure of these dams, including liability for natural resource 
damages (see CD ¶ 176), GE will continue this monitoring and maintenance program 
indefinitely.  This program ensures that these dams will continue to operate properly and will 
prevent any major release of the PCBs in the sediments contained in the impoundments 
behind these dams, and that any sediment or soil handled or removed during repair or 
maintenance activities will be properly managed by GE.  In these circumstances, there is no 
need for an institutional control, as part of the Rest of River remedy, to address these dams. 

There are three other dams on the River in Massachusetts, which impound sediments 
containing considerably lower PCB concentrations and sediment volumes.  These are the 
Columbia Mill Dam, the Willow Mill Dam, and the Glendale Dam.  The Columbia Mill and 
Willow Mill Dams have a Significant Hazard classification, and the Glendale Dam has a Low 
Hazard classification.  In addition, there are six dams on the Connecticut portion of the River – 
Falls Village, Bulls Bridge, Rocky River, Shepaug, Stevenson, and Derby.  The Falls Village 
Dam has a Significant Hazard classification, the Bulls Bridge Dam has a Low Hazard 
classification, and the remaining four dams have a High Hazard classification.  All nine of 
these dams are hydroelectric projects licensed and regulated by the Federal Energy 
Regulatory Commission (FERC) pursuant to the Federal Power Act and FERC’s regulations 
thereunder (18 CFR Subchapter B).67  This regulatory scheme requires maintenance and 
inspections of regulated dams, as appropriate, and FERC approval of the plans and 
specifications for any substantial alterations or modification to these dams. 

                                                      

67  For the dams on the Connecticut portion of the River, the existing FERC licenses for five of those 
dams run until May 2044 and the license for the remaining dam (Derby) runs until February 2026.   
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As the Supreme Court has held,68 FERC regulation under the Federal Power Act preempts 
state and local permitting requirements and similar regulation of these FERC-regulated dams, 
including application of the Massachusetts Dam Safety Standards and the Connecticut dam 
safety statutes and associated regulations.  Indeed, the Massachusetts Dam Safety 
Standards explicitly exclude FERC-regulated dams (302 CMR 10.04).  However, by virtue of 
other federal statutes, any new construction, repair, modification, or removal of any of these 
dams would require review and approval by other agencies in addition to FERC.  For 
example, under Section 401(a)(1) of the federal Clean Water Act, FERC may not issue a 
license unless the state in which the dam is located has issued a water quality certification for 
the project.  This allows the state environmental authority – in this case, MDEP for the dams 
in Massachusetts and CDEP for the dams in Connecticut – to consider the impacts of the 
project on the aquatic environment and to impose conditions on the project to protect the 
environment.  In addition, it appears that any such project would require a dredge and fill 
permit from the U.S. Army Corps of Engineers (USACE) under Section 404 of the federal 
Clean Water Act, particularly if it would involve a release of a substantial quantity of 
sediments from the impoundment behind the dam.69    

Through these regulatory requirements, the agencies can ensure that any contaminated 
sediment or bank soil that would be contacted, removed, or released during a dam 
construction, repair, modification, or removal project would be properly characterized, 
managed, and/or disposed of, and that any other potential adverse impacts from the work 
would be fully addressed.  

The bridges across the River that are part of the state highway systems are maintained by the 
Massachusetts Highway Department in Massachusetts and the Connecticut Department of 
Transportation in Connecticut, and any construction, repair, or removal of such bridges would 
be conducted by those agencies.  Moreover, any bridge construction, repair, modification, 
replacement, or removal projects that would involve work in or adjacent to the River would 
require an extensive array of regulatory reviews and approvals.  These would include, in 
Massachusetts, a Section 404 permit from USACE, a Section 401 water quality certification 
from MDEP, review by the Secretary of Environment and Energy Affairs (EEA) under the 
Massachusetts Environmental Protection Act (MEPA) and potentially preparation of an 
Environmental Impact Report, review and issuance of an Order of Conditions by the local 

                                                      

68  First Iowa Hydro-Electric Cooperative v. Federal Power Comm’n, 328 U.S. 152 (1946); California v. 
Federal Energy Regulatory Comm’n, 495 U.S. 490 (1990). 
69  While Section 404(f)(1)(B) of the Clean Water Act provides an exemption from this permitting 
requirement “for the purpose of maintenance [of dams], including emergency reconstruction of recently 
damaged parts,” the USACE has explained in guidance that this exemption applies only where the 
release of sediments is necessary for maintaining the dam (as opposed to the impoundment), which will 
rarely occur, and that thus the exemption will generally not apply to the discharge of any significant 
quantities of sediment (USACE, 2005).  
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conservation commission under the Massachusetts Wetlands Protection Act, potentially a 
Chapter 91 waterways license from MDEP, and, depending on the location and extent of the 
work, review by the NHESP of the MDFW under the Massachusetts Endangered Species Act 
(MESA).  In Connecticut, the necessary reviews would likely include a Section 404 permit 
from USACE, a Section 401 water quality certification from CDEP, and a permit from CDEP 
or the local municipal wetland agency under the Connecticut Inland Wetlands and 
Watercourses Act.  In both States, these existing regulatory requirements applicable to such 
bridge work would ensure the proper characterization, management, and/or disposition of any 
contaminated sediment or bank soil that would be contacted or removed during such an 
activity.  

In these circumstances, GE would rely on the existing institutional controls applicable to the 
monitoring, maintenance, construction, modification, replacement, or removal of dams and 
bridges on the Housatonic River.  As discussed above, the owners of the non-GE-owned 
dams in both Massachusetts and Connecticut are subject to detailed regulation by FERC, and 
the bridges are maintained by the states.  Further, the owners/operators of these structures 
are responsible for the activities that would be necessary to allow construction, repair, 
modification, replacement, or removal of the structures, including the management and 
disposition of any contaminated sediment or bank soil that would be affected; and the 
extensive regulatory requirements that would apply to such activities would allow the relevant 
agencies to ensure that these activities are carried out properly and in compliance with 
applicable laws and regulations.   

GE should not be responsible for monitoring, management, or disposition of contaminated 
sediments or bank soils in conjunction with the construction, maintenance, repair, alteration, 
or removal of these non-GE-owned structures on the River, because those sediments and/or 
bank soils may contain a variety of chemical constituents which are not attributable to 
releases from the GE facility.  To the extent that the handling or disposition of these materials 
would involve the incurrence of additional costs attributable to PCBs (i.e., costs that would not 
have been incurred in the absence of PCBs), the owners would have a claim against GE for 
those additional costs.  In such a situation, GE would consider reimbursing the owner for any 
incremental costs that can be shown to be attributable solely to the presence of PCBs in the 
sediments and/or bank soils at concentrations that require special handling procedures or a 
different disposition approach or location from those that would otherwise be allowed.   

 



  

 

Section 3 Tables 
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Table 3-2.  Overview of Riverbank Stabilization Techniques 
 

Technique Technique Description Application 

Vegetative 
Plantings 
  

Planting of native herbaceous plant material on riverbanks may 
include the following measures:  

• Plugs - Individual rooted stems of grasses, sedges, or rushes, 
often planted along the toe of slope below the ordinary high 
water line.  

• Live stakes - Live, rootable cuttings of woody material ~2-3 feet 
in length inserted into bank slope at or below the bankfull 
elevation.  Typical species include silky dogwood and willows. 

• Live fascines - Cylindrical bundles of live, rootable, woody 
material ~8-10 feet in length placed in shallow contour trenches 
in riverbank, typically at or near the toe of the slope.   

• Brush mattress – Live branch cuttings, often combined with live 
stakes and live fascines, installed with netting or wire mesh 
perpendicular to the flow of the river on the stream bank. 

Plugs and live stakes are often used on 
gentle to moderate slopes with coir or other 
erosion control matting. 

Live stakes are used to promote mechanical 
strength of sloped banks and small, 
uncomplicated bank slips and slumps.   

Brush mattresses are often used on the 
outside of meander bends to help stabilize 
slopes with high near-bank shear stress. 

 

Coir Fabric 
  

Coir fabric or coir matting is an erosion control matting constructed 
of coconut fibers.  The matting biodegrades in about 5 years or so, 
but provides protection of the banks while vegetation becomes 
established.  Coir fabric is also used as part of a number of other 
bioengineering systems: 

Used alone on banks with low to moderate 
slope and low shear stress, often on inside of 
meander bends or on long straight reaches; 
may be used above ordinary high water in 
higher shear stress conditions, in conjunction 
with other treatments, such as riprap, that 
protect the toe of the slope. 

• Pre-vegetated mats - Coir mats that are pre-planted with sprigs 
or seeds and grown in a nursery to establish vegetation in the 
matting prior to use. 

• Pre-planted coir pillow - Approximately 4"x3'x8' coir fiber 
planting bed, pre-planted with Juncus or other native plantings.   

• Vegetated geogrid - Wall composed of 1-foot lifts of compacted 
soil wrapped with coir or geotextile fabric with a layer of live, 
rootable, wood material (such as plugs or live stakes) added to 
each lift. 

As above 

 
 
As above 

 
Moderately steep slopes above and below 
ordinary high water, including the outside of 
bends. 



2 

Technique Technique Description Application 

Constructed 
Bankfull Bench  

Construction or excavation of a flat area 4 feet wide or greater along 
a bank at the channel-forming (bankfull) elevation.  

Used to stabilize channel geometry in incised 
stream conditions (where river downcuts into 
channel bottom); increases overall sediment 
transport capacity of channel while 
decreasing shear stress on bank 

Rootwad 
Revetments 

Installation on the bank of a system of downed trees with root mass 
exposed, in such a manner that the tree trunk is buried in the bank. 

Typically placed along outer bends, 
sometimes in combination with other 
techniques such as vanes, to provide 
protection against sheer stress on bank. 

Compartmentalized 
Placed Fill  

Placement of filled bags or tubes of organic material and stone on the 
riverbank, in various ways, to armor fill slopes, with native vegetation 
planted between layers or lifts of bags; brand names include 
Envirolok™ bags. 

Moderately steep slopes or areas of moderate 
to high shear stress. 

Log or Rock Vane Placement of a log with rootwad or row of boulder-size rocks 
anchored into the bank, angled upstream, and angled down from 
bankfull height at the bank to the channel bed elevation at the end of 
the log or rock series.  

A variation is a bank spur, which is a similar, but smaller and lower, 
structure designed to work at lower shear stress conditions. 

Outer meander bends with moderate shear 
stress, to deflect flow and reduce steam 
velocities adjacent to banks. 

 

Articulated 
Concrete 

Individual structures of pre-cast concrete placed in groups along toe 
of slope to dissipate energy of water against bank; most common are 
A-jacks. 

May be used as an alternate to riprap, for 
areas of high velocity and/or steep slopes, 
particularly to stabilize the toe of the bank 
where stabilization work would be performed 
while water is flowing in the channel. 

Riprap Placement of a blanket of large, angular rocks.  Riprap is often 
combined with joint planting, which is the insertion of live, rootable 
cuttings of woody material (plugs or live stakes) into bank slope in 
spaces between the rocks. 

From below streambed up to a maximum of 
bankfull elevation on steep bank slopes in 
high velocity reaches. 

Concrete Block 
Revetment 

Placement of blanket revetment of prefabricated concrete cellular 
blocks that can be backfilled with soil and planted with grasses. 

On steep bank slopes in areas of very high 
velocity and shear stress. 

 



Table 3-3.  Application of Bank Stabilization Techniques to Bank Conditions 

Stabilization Technique Geomorphic Position of Bank Meander Bend 
Radius 

Bank Height Shear Stress 
Condition 

Concrete Block Revetment Outside meanders < 200 ft > 4 ft Very High 

Riprap with Joint Planting Outside meanders < 200 ft > 4 ft High 

Root Wads Outside meanders < 200 ft > 4 ft High 

Log or Rock Vane Outside meanders NA > 4 ft High 

Bankfull Bench Straight reaches NA > 4 ft Moderate 

Compartmentalized Placed Fill Outside meanders and straight reaches > 200 ft > 4 ft Moderate 

Outside meanders < 200 ft < 4 ft Moderate 

Vegetated Geogrid with Riprap Outside meanders < 200 ft < 4 ft Moderate 

Bank Spurs Straight reaches NA > 4 ft Moderate 

Brush Mattress Outside meanders NA > 4 ft  Moderate 

Coir Matting with Riprap Straight reaches NA < 4 ft Moderate to Low 

Grade Bank/Coir Matting Inside broad meanders and straight reaches > 200 ft All heights Low 

Reshape Point Bars Inside meanders Low < 4 ft Low 

Live Stakes Used in conjunction with other techniques under varying bank conditions  

 
Note:  Articulated concrete may be used as an alternate to riprap, in conjunction with certain techniques, to stabilize the toe of the bank under 
alternatives in which the stabilization work would be performed while water is flowing in the channel.  

 



Table 3-6 - Summary of Assumed Reach-/Alternative-Specific Production Rates

Revised CMS Report, Housatonic River - Rest of River
General Electric Company - Pittsfield, MA

Reach 5 Reach 6 Reach 7 Reach 7 Reach 8 Reaches
Backwaters (Woods Pond) Impoundments Channel (Rising Pond) 9-17

SED 1 NA NA NA NA NA NA NA NA NA
SED 2 NA NA NA NA NA NA NA NA NA

 1 crew 1.5 crews 2 crews
removal: 110 cy/d no removal no removal
eng. cap: 220 cy/d TLC: 165 cy/d TLC: 220 cy/d

 1 crew 1 crew 1.5 crews 1.5 crews 2 crews
removal: 110 cy/d removal: 110 cy/d no removal no removal removal: 550 cy/d
eng. cap: 220 cy/d eng. cap: 220 cy/d eng. cap: 330 cy/d TLC: 165 cy/d eng. cap: 440 cy/d

TLC: 110 cy/d TLC: 165 cy/d TLC: 220 cy/d
 1 crew 1 crew 1.5 crews 1.5 crews 2 crews 2 crews

removal: 110 cy/d removal: 110 cy/d removal: 412.5 cy/d no removal removal: 550 cy/d no removal
eng. cap: 220 cy/d eng. cap: 220 cy/d eng. cap: 330 cy/d TLC: 165 cy/d eng. cap: 440 cy/d TLC: 220 cy/d

 1 crew 1 crew 1.5 crews 1.5 crews 2 crews 1 crew 2 crews
removal: 110 cy/d removal: 110 cy/d removal: 412.5 cy/d removal: 412.5 cy/d removal: 550 cy/d no removal no removal
eng. cap: 220 cy/d eng. cap: 220 cy/d eng. cap: 330 cy/d eng. cap: 330 cy/d eng. cap: 440 cy/d TLC: 110 cy/d eng. cap: 440 cy/d

TLC: 165 cy/d TLC: 220 cy/d
 1 crew 1 crew 1.5 crews 1.5 crews 2 crews 1 crew 2 crews

removal: 140 cy/d removal: 110 cy/d removal: 412.5 cy/d removal: 412.5 cy/d removal: 700 cy/d removal: 275 cy/d removal: 550 cy/d
eng. cap: 275 cy/d eng. cap: 220 cy/d eng. cap: 330 cy/d eng. cap: 330 cy/d eng. cap: 440 cy/d eng. cap: 220 cy/d eng. cap: 440 cy/d

TLC: 165 cy/d TLC: 110 cy/d TLC: 220 cy/d
 1 crew 1 crew 1.5 crews 1.5 crews 2 crews 1 crew 2 crews

removal: 140 cy/d removal: 140 cy/d removal: 525 cy/d removal: 525 cy/d removal: 700 cy/d removal: 275 cy/d removal: 700 cy/d
eng. cap: 275 cy/d eng. cap: 275 cy/d eng. cap: 330 cy/d eng. cap: 330 cy/d eng. cap: 440 cy/d eng. cap: 220 cy/d eng. cap: 440 cy/d

 1 crew 1 crew 1.5 crews 1.5 crews 2 crews 1 crew 2 crews
removal: 250 cy/d removal: 275 cy/d removal: 412.5 cy/d removal: 412.5 cy/d removal: 550 cy/d removal: 275 cy/d removal: 550 cy/d
eng. cap: 195 cy/d eng. cap: 220 cy/d eng. cap: 330 cy/d eng. cap: 330 cy/d eng. cap: 440 cy/d eng. cap: 220 cy/d eng. cap: 440 cy/d

 1 crew 2 crews
removal: 110 cy/d removal: 550 cy/d
eng. cap: 220 cy/d

Notes:

2.  cy/d = cubic yards per day
3.  removal = rate of removal for mechanical excavation/hydraulic dredging
4.  eng. cap = rate of placement of engineered cap
5.  TLC = rate of placement of thin layer cap

SED 9 NA

SED 3

NA

NA

NA

NA

NA NA NA

NA NA

1.  Average removal and eng. cap rates may increase in certain reaches for SED 7 and SED 8 to account for the somewhat faster production anticipated for increased removal volumes from within the same removal area.  This 
results in higher removal rates in the following: Reach 5A and 6 in SED 7; Reach 5A, 5B, 5C, 5 Backwaters, 6, and 8 in SED 8.

Alt. Reach 5A Reach 5B Reach 5C

NA NA

NA

NA

SED 5

NA

NA

SED 8 NA NA

SED 6

NA

SED 10 NA NA

NA

SED 7 NA

NA

SED 4 NA NA

NA NA

Page 1 of 1



Table 3-8 – Construction Schedule Summary 

Revised CMS Report, Housatonic River - Rest of River
General Electric Company - Pittsfield, MA

SED 1 SED 2 SED 3 SED 4 SED 5 SED 6 SED 7 SED 8 SED 10

5A 7.5 7.5 7.5 7.5 9.5 11.5 3.4

5B 0.4 2.8 4.8 4.8 5.8 6.5 0.1

5C 
(Upper Section) MNR 0.5 1.3 1.3 1.3

1.9

MNR

5C 
(Lower Section) 0.5 1.4 1.4 2.4 2.4

3.4

MNR

5 Backwaters 
(Small) MNR

0.2 0.2 0.4 0.4

1.4 MNR

5 Backwaters 
(Large) MNR

1.3 1.3 1.6 2.0

8.2 MNR

6
Woods Pond 

(Shallow)
0.7 1.8 1.8 1.8 2.8 6.6 2.2

6
Woods Pond 

(Deep)
0.4 0.4 0.6 0.6 0.6 4.2 1.1

7 MNR MNR MNR MNR MNR MNR MNRMNR

REACH
SEDIMENT REMEDIAL ALTERNATIVE

No Action 
Alternative

Monitored Natural 
Recovery (MNR)

1.6

3.2

SED 9

3.1

2.7

3.7

3.4

0.0
0.2

0.0 0.0 0.0

0.00.00.00.0

0.2 0.4 0.4

1.3 1.3 1.6 2.0

0.0

0.0

3.4

1.9

0.0

3.1

7
(Channel) MNR MNR MNR MNR MNR MNR MNR

1.5

1.9

8
Rising Pond 

(Shallow)
MNR MNR 0.4 0.4 0.5 4.1 0.7 MNR

8
Rising Pond 

(Deep)
MNR MNR 0.4 0.4 0.4 4.7 0.8 MNR

9 to 17 MNR MNR MNR MNR MNR MNR MNR
Total 0 0 10 15 18 21 26 52 5

Notes:

2.  The durations of time shown represent the total time that construction activities would be ongoing in each reach, except as noted in Note 3. 

MNR

MNR
14

2.5

3.  Partially shaded cells indicate those reaches where all or a portion of the construction activities would be performed concurrently with activities in other reaches and thus do not contribute to the overall duration of the alternative.  In these cells, the shaded number represents the total 
length of time of work in that reach, and the unshaded number represents the portion of that time (if any) that contributes to the overall duration of the alternative.  This occurs in the following situations:  (a) Under SED 4 though SED 9, activities in Reach 5C and the Reach 5 backwaters 
would be performed concurrently, and only the longer activity would contribute to the overall project duration; and (b) under SED 9, excavation activities in Reach 6, Reach 7 (impoundments), and Reach 8 would be performed concurrently with remediation in Reach 5 (see Figure 3-2g) 
and only the remaining activities (capping) would contribute to the overall duration of SED 9.

MNR MNR7
(Impoundments)

1.  Construction durations are shown in Years.

1.4MNRMNR 5.0

3.4

3.5

1.5

0.0
0.2

0.0 0.0 0.0

0.00.00.00.0

0.2 0.4 0.4

1.3 1.3 1.6 2.0

0.0

0.0

3.4

1.9

0.0

3.1
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Table 3-9 – Age Classes in FCM Corresponding to 120 mm Length, by Species 

Used for Comparison of Model Results to IMPGs for Threatened and Endangered Species  

Species Minimum Age Class Maximum Age Class 

Brown bullhead (bottom feeder) 2 6 

Cyprinids (forage fish) 5 6 

Largemouth bass (predatory) 2 10 

Sunfish (forage fish) 3 6 

White sucker (bottom feeder) 2 6 

 
 
 

 

Table 3-10 –– FCM Species Weighting Factors in Each Subreach Used to Compute Average  

Concentrations for Evaluation of Threatened and Endangered Species IMPGs 

Species 
Subreach 

5A 5B 5C 5D WP 7A 7B 7C 7D 7E 7F 7G 7H RP 

BB 0 0.322 0.322 0.322 0.644 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 

WS 0.644 0.322 0.322 0.322 0 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 0.322 

LMB 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 0.206 

SF 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 

CP 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 

 
Notes: 
BB = Brown Bullhead (bottom feeder) 
WS = White Sucker (bottom feeder) 
LMB = Largemouth Bass (predatory) 
SF = Sunfish (forage fish) 
CP = Cyprinids (forage fish) 
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Table 3-11 – Age Classes in FCM Corresponding to 130 to 400 mm Length, by Species 

Used for Comparison of Model Results to IMPGs for Piscivorous Birds 

Species Minimum Age Class Maximum Age Class 

Brown bullhead (bottom feeder) 2 6 

Cyprinids (forage fish) 6 6 

Largemouth bass (predatory) 2 10 

Sunfish (forage fish) 3 6 

White sucker (bottom feeder) 2 6 

 

 

 

Table 3-12 – FCM Species Weighting Factors in Each Subreach Used to Compute Average  

Concentrations for Evaluation of Piscivorous Bird IMPGs 

Species 
Subreach 

5A 5B 5C 5D WP 7A 7B 7C 7D 7E 7F 7G 7H RP 

BB 0 0.2 0.2 0.2 0.25 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

WS 0.25 0.2 0.2 0.2 0 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

LMB 0.25 0.2 0.2 0.2 0.25 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

SF 0.25 0.2 0.2 0.2 0.25 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

CP 0.25 0.2 0.2 0.2 0.25 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

 
Notes:  
BB = Brown Bullhead (bottom feeder) 
WS = White Sucker (bottom feeder) 
LMB = Largemouth Bass (predatory) 
SF = Sunfish (forage fish) 
CP = Cyprinids (forage fish) 
 

 



SED 1 SED 2 SED 3 SED 4 SED 5 SED 6 SED 7 SED 8 SED 9 SED 10
100-year OMM 

Visual Inspection of 
Caps/Thin-Layer Caps NA NA

Water Column NA
Fish NA
Sediment 

MNR and 
Removal/Backfill Areas NA

100 surface 
sediment 
samples

75 surface 
sediment 
samples

50 surface 
sediment 
samples

50 surface 
sediment 
samples

50 surface 
sediment 
samples

50 surface 
sediment 
samples

100 surface 
sediment 
samples

50 surface 
sediment 
samples

50 surface 
sediment 
samples

Removal/Cap Areas NA NA
1 core/4-5 

acres
3 samples/core

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 samples/core
NA

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 

Cap Areas NA NA NA
1 core/4-5 

acres
3 samples/core

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 samples/core

1 core/4-5 
acres

3 samples/core
NA

1 core/4-5 
acres

3 samples/core
NA

Thin-Layer Cap Areas NA NA
1 core/4-5 

acres
1 sample/core

1 core/4-5 
acres

1 sample/core

1 core/4-5 
acres

1 sample/core

1 core/4-5 
acres

1 sample/core

1 core/4-5 
acres

1 sample/core
NA NA NA

Total Cores (Per Year 
Sampled)1 0 100 110 110 120 130 130 100 130 55

Total Samples (Per Year 
Sampled) 0 100 130 180 210 240 260 100 300 65

Biota Consumption 
Advisories NA

Notes:
1.  Total number of sediment cores and samples estimated based on 4 cores/acre, with numbers rounded to the nearest ten.
NA = not applicable

General Electric Company - Pittsfield, MA

Monitoring 
Programs/Components

Sediment Alternatives

Once in each of the following years in affected areas:  Yrs 1, 2, 3, 4, 5, 10, 15, 25, 50, 75, 100

Quarterly sampling at 12 locations along the Housatonic River in MA and CT (Yr 1, 2, 3, 4, 5, 10, 15, 25, 50, 75, 100)
Adult sampling at 8 locations (4 locations each in MA and CT) (Yr 1, 2, 3, 4, 5, 10, 15, 25, 50, 75, 100)

Sampling as specified below (Yr 5, 10, 15, 25, 50, 75, 100)

Maintain signs and conduct other outreach efforts in MA and CT every other year for up to 100 years as necessary

Revised CMS Report, Housatonic River - Rest of River

Table 3-14 - Sediment Alternatives OMM Program Components
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Section 3 Figures



FIGURE
3-1

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS

REVISED CMS REPORT

SEQUENCES OF MATERIAL 
HANDLING AND DEWATERING

G \GE\GE H t i R t f Ri \R t d P t ti \REVISED CMS REPORT OCT 2010\Fi \ ki \FIG3 1 lG:\GE\GE_Housatonic_Rest_of_River\Reports and Presentations\REVISED CMS REPORT - OCT 2010\Figures\working\FIG3-1.xls



SED 3 DETAILED CONSTRUCTION
SCHEDULE

NOTES:
1. 

 In Reaches 5A and 5B, the 
river channel will be divided into a series of dry 
isolation cells for the performance of remedial 
activities.  However, as there are a total of 176 dry 
removal cells in Reach 5A alone, it is not possible to 
illustrate the sequential performance of all associated 
activities in each of these cells in a similar fashion.  
The detailed schedule “blow-up” provided for Reach 
5A represents an example of the “staggered” 
schedule of the mobilization and site preparation, 
sheeting installation, cell dewatering, excavation, 
capping, and bank stabilization/restoration activities 
within Reaches 5A and 5B associated with the 
cyclical performance of these activities on a cell-
specific basis.

2. Y = Year; W = Week.

The general timeline associated with Reach 5A and 
5B, and subsequent reaches, illustrates the overall 
timeframe when excavation, capping, and bank 
stabilization/restoration activities are occurring in terms 
of construction years.
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SED 4 DETAILED CONSTRUCTION
SCHEDULE

NOTE:
1. 

 In Reaches 5A and 5B, the river 
channel will be divided into a series of dry isolation 
cells for the performance of remedial activities.  
However, as there are a total of 176 dry removal cells 
in Reach 5A alone, it is not possible to illustrate the 
sequential performance of all associated activities in 
each of these cells in a similar fashion.  The detailed 
schedule “blow-up” provided for Reach 5A represents 
an example of the “staggered” schedule of the 
mobilization and site preparation, sheeting installation, 
cell dewatering, excavation, capping, and bank 
stabilization/restoration activities within Reaches 5A and 
5B associated with the cyclical performance of these 
activities on a cell-specific basis.

2. Y = year, W = week

The general timeline associated with Reach 5A and 
5B, and subsequent reaches, illustrates the overall 
timeframe when excavation, capping, and bank 
stabilization/restoration activities are occurring in terms 
of construction years.

FIGURE

3-2b
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SED 5 DETAILED CONSTRUCTION
SCHEDULE

NOTES:
1. 

 In Reaches 5A and 5B, the river 
channel will be divided into a series of dry isolation 
cells for the performance of remedial activities.  
However, as there are a total of 176 dry removal cells 
in Reach 5A alone, it is not possible to illustrate the 
sequential performance of all associated activities in 
each of these cells in a similar fashion.  The detailed 
schedule “blow-up” provided for Reach 5A represents 
an example of the “staggered” schedule of the 
mobilization and site preparation, sheeting installation, 
cell dewatering, excavation, capping, and bank 
stabilization/restoration activities within Reaches 5A and 
5B associated with the cyclical performance of these 
activities on a cell-specific basis.

2. Y = Year; W = Week

The general timeline associated with Reach 5A and 
5B, and subsequent reaches, illustrates the overall 
timeframe when excavation, capping, and bank 
stabilization/restoration activities are occurring in terms 
of construction years.

FIGURE

3-2c

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS
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SED 6 DETAILED CONSTRUCTION
SCHEDULE

2. CMD = Columbia Mill Dam; LED = Lee/Eagle Dam; 
WMD = Willow Mill Dam; GD = Glendale Dam; Y = Year.

FIGURE

3-2d.1

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS
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NOTES:
1. The general timeline associated with Reach 5A and 5B, and subsequent reaches, illustrates 
the overall timeframe when excavation, capping, and bank stabilization/restoration activities are 
occurring in terms of construction years.  In Reaches 5A and 5B, the river channel will be divided 
in to a series of dry isolation cells for the performance of excavation, backfill, and bank 
stabilization/restoration activities. However, as there are a total of 176 dry removal cells in Reach 
5A alone, it is not possible to illustrate the sequential performance of remedial activities in each 
of these cells in a similar fashion. The detailed schedule “blow-up” provided on Figure 3-2d.2 for 
Reach 5A represents an example of the “staggered” schedule of the mobilization and site 
preparation, sheeting installation, cell dewatering, excavation, capping, and bank 
stabilization/restoration activities within Reaches 5A and 5B associated with the cyclical 
performance of these activities on a cell-specific basis.

See Figure 3-2d.2



FIGURE

3-2d.2
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NOTE:

1. W = week

SED 6 REACH 5A EXAMPLE
CONSTRUCTION SCHEDULE



SED 7 DETAILED CONSTRUCTION
SCHEDULE

FIGURE

3-2e.1

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS

REVISED CMS REPORT

2. CMD = Columbia Mill Dam; LED = Lee/Eagle Dam; 

WMD = Willow Mill Dam; GD = Glendale Dam; Y = Year.

NOTES:
1. The general timeline associated with Reach 5A and 5B, and subsequent reaches, illustrates 
the overall timeframe when excavation, capping/backfilling, and bank stabilization/restoration 
activities are occurring in terms of construction years. In Reaches 5A and 5B, the river channel 
will be divided in to a series of dry isolation cells for the performance of excavation, backfill, and 
bank stabilization/restoration activities. However, as there are a total of 176 dry removal cells in 
Reach 5A alone, it is not possible to illustrate the sequential performance of remedial activities in 
each of these cells in a similar fashion. The detailed schedule “blow-up” provided on Figure 3-
2e.2 for Reach 5A represents an example of the “staggered” schedule of the mobilization and 
site preparation, sheeting installation, cell dewatering, excavation, backfilling, and bank 
stabilization/restoration activities within Reaches 5A and 5B associated with the cyclical 
performance of these activities on a cell-specific basis.

See Figure 3-2e.2



FIGURE

3-2e.2

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS
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NOTE:

1. W = Week.

SED 7 REACH 5A EXAMPLE
CONSTRUCTION SCHEDULE



SED 8 DETAILED CONSTRUCTION
SCHEDULE

FIGURE

3-2f.1

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS
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2. CMD = Columbia Mill Dam; LED = Lee/Eagle Dam; WMD 
= Willow Mill Dam; GD = Glendale Dam; Y = Year.

NOTES:
1. The general timeline associated with Reach 5A and 5B, and subsequent reaches, illustrates 
the overall timeframe when excavation, backfilling, and bank stabilization/restoration activities are 
occurring in terms of construction years.  In Reaches 5A and 5B, the river channel will be divided 
in to a series of dry isolation cells for the performance of excavation, backfill, and bank 
stabilization/restoration activities. However, as there are a total of 176 dry removal cells in Reach 
5A alone, it is not possible to illustrate the sequential performance of remedial activities in each 
of these cells in a similar fashion. The detailed schedule “blow-up” provided on Figure 3-2f.3 for 
Reach 5A represents an example of the “staggered” schedule of the mobilization and site 
preparation, sheeting installation, cell dewatering, excavation, backfilling, and bank 
stabilization/restoration activities within Reaches 5A and 5B associated with the cyclical 
performance of these activities on a cell-specific basis.

See Figure 3-2f.3 See Figure 3-2f.2 for
Continued Schedule



SED 8 DETAILED CONSTRUCTION
SCHEDULE

FIGURE

3-2f.2

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS

1
0

/0
8

/2
0

1
0

 S
Y

R
A

C
U

S
E

-N
Y

-1
4

1
E

N
V

-D
JH

O
W

E
S

C
:/
B

0
0

3
0

9
2

9
/0

0
0

2
/0

0
0

0
1

/C
D

R
/3

0
9

2
9

J3
7

.C
D

R

REVISED CMS REPORT

2. CMD = Columbia Mill Dam; LED = Lee/Eagle Dam; 
WMD = Willow Mill Dam; GD = Glendale Dam; Y = Year.

NOTES:
1. The general timeline associated with Reach 5A and 5B, and subsequent reaches, illustrates 
the overall timeframe when excavation, backfilling, and bank stabilization/restoration activities are 
occurring in terms of construction years.  In Reaches 5A and 5B, the river channel will be divided 
in to a series of dry isolation cells for the performance of excavation, backfill, and bank 
stabilization/restoration activities. However, as there are a total of 176 dry removal cells in Reach 
5A alone, it is not possible to illustrate the sequential performance of remedial activities in each 
of these cells in a similar fashion. The detailed schedule “blow-up” provided on Figure 3-2f.3 for 
Reach 5A represents an example of the “staggered” schedule of the mobilization and site 
preparation, sheeting installation, cell dewatering, excavation, backfilling, and bank 
stabilization/restoration activities within Reaches 5A and 5B associated with the cyclical 
performance of these activities on a cell-specific basis.



NOTE:

1. W = Week.

FIGURE

3-2f.3
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SED 8 REACH 5A EXAMPLE
CONSTRUCTION SCHEDULE



SED 9 DETAILED
CONSTRUCTION SCHEDULE

FIGURE

3-2g

GENERAL ELECTRIC COMPANY
PITTSFIELD, MASSACHUSETTS

REVISED CMS REPORT
2. CMD = Columbia Mill Dam; LED = Lee/Eagle Dam;

WMD = Willow Mill Dam; GD = Glendale Dam; Y = Year.

NOTES:

1.The general timeline associated with Reach 5A and 5B, and 

subsequent reaches, illustrates the overall timeframe when excavation, 

capping, and bank stabilization/restoration activities are occurring in terms 

of construction years.



SED 10 DETAILED CONSTRUCTION
SCHEDULE

NOTES:
1. The general timeline associated with Reach 5A and 
5B, and subsequent reaches, illustrates the overall 
timeframe when excavation, capping, and bank 
stabilization/restoration activities are occurring in terms 
of construction years. In Reaches 5A and 5B, the river 
channel will be divided into a series of dry isolation 
cells for the performance of remedial activities.  
However, as there are a total of 176 dry removal cells 
in Reach 5A alone, it is not possible to illustrate the 
sequential performance of all associated activities in 
each of these cells in a similar fashion.  The detailed 
schedule “blow-up” provided for Reach 5A represents 
an example of the “staggered” schedule of the 
mobilization and site preparation, sheeting installation, 
cell dewatering, excavation, capping, and bank 
stabilization/restoration activities within Reaches 5A and 
5B associated with the cyclical performance of these 
activities on a cell-specific basis.

2. Y = Year; W = Week.
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Figure 3-3.  52-year hydrograph used for the East Branch during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R56\QSER_PROJ01-52_CMS_070329.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:03:42 2010
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Figure 3-4.  52-year hydrograph used for the West Branch during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R56\QSER_PROJ01-52_CMS_070329.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:03:45 2010



Sackett Brook

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.01

0.10

1.00

10.00

100.00

1000.00

10000.00

Fl
ow

 (
cf

s)

Roaring Brook

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.01

0.10

1.00

10.00

100.00

1000.00

10000.00

Fl
ow

 (
cf

s)

Yokun Brook

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.01

0.10

1.00

10.00

100.00

1000.00

10000.00

Fl
ow

 (
cf

s)

Model input time series
Extreme event
Annual average

                       

Figure 3-5a.  52-year hydrographs used for the Reach 5/6 tributaries during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R56\QSER_PROJ01-52_CMS_070329.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:03:59 2010
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Figure 3-5b.  52-year hydrographs used for the Reach 7/8 tributaries during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R78\QSER_PROJ01-52_CMSSED1_071221.INP

RRM - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r78_input_file_plot_071129.pro
Tue Oct 05 22:58:08 2010
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Figure 3-6a.  52-year hydrographs used for the Reach 5/6 direct drainage subbasins during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R56\QSER_PROJ01-52_CMS_070329.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:04:38 2010



Subbasin 700

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000
Fl

ow
 (

cf
s)

Subbasin 710

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 720

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 730

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 740

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 750

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 760

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 770

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000
Fl

ow
 (

cf
s)

Subbasin 780

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 790

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Subbasin 800

0 4 8 12 16 20 24 28 32 36 40 44 48 52
Years

0.001

0.010

0.100

1.000

10.000

100.000

Fl
ow

 (
cf

s)

Model input time series
Extreme event
Annual average

                       

Figure 3-6b.  52-year hydrographs used for the Reach 7/8 direct drainage subbasins during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Flow_files\R78\QSER_PROJ01-52_CMSSED1_071221.INP

RRM - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r78_input_file_plot_071129.pro
Tue Oct 05 22:58:55 2010
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Figure 3-7.  52-year East Branch total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R56\SNSER_PROJ01-52_CMS_070514.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:05:14 2010
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Figure 3-8.  52-year West Branch total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R56\SNSER_PROJ01-52_CMS_070514.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:05:23 2010
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Figure 3-9a.  52-year Reach 5/6 tributary total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R56\SNSER_PROJ01-52_CMS_070514.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:05:52 2010
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Figure 3-9b.  52-year Reach 7/8 tributary total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R78\SNSER_PROJ01-52_CMSSED1_071221.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r78_input_file_plot_071129.pro
Tue Oct 05 23:00:34 2010
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Figure 3-10a.  52-year Reach 5/6 direct drainage total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R56\SNSER_PROJ01-52_CMS_070514.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:07:18 2010
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Figure 3-10b.  52-year Reach 7/8 direct drainage total suspended solids time series used during the model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Sed_Boundary_Files\R78\SNSER_PROJ01-52_CMSSED1_071221.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r78_input_file_plot_071129.pro
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Figure 3-11.  52 year time series of bank erosion rates used during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Bank_Erosion_Files\R56\BESER_PROJ01-52_CMS_070903.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
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Figure 3-12.  52-year PCB boundary condition used for the East Branch during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Fate_PCB_IC_BC_files\R56\TXSER_PROJ01-52_CMSBASE_070917.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:04:48 2010
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Figure 3-13.  52-year PCB boundary condition used for the West Branch during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Fate_PCB_IC_BC_files\R56\TXSER_PROJ01-52_CMSBASE_070917.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:04:51 2010
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Figure 3-14.  52-year PCB boundary conditions used for the tributaries during model projection simulations.

Source: H:\GENcms\MODEL\EPA_EFDC\Input_files\Fate_PCB_IC_BC_files\R56\TXSER_PROJ01-52_CMSBASE_070917.INP

RRM\ZL - H:\GENcms\DOCUMENTS\reports\Revised_CMS_Report\Figures\Section3\r56_input_file_plot_071127.pro
Mon Oct 04 15:04:56 2010
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Figure 3-15a.
Model grid cells selected to
represent the sediment human
direct contact exposure areas
in Reaches 5 & 6.
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Figure 3-15b.
Model grid cells selected to
represent the sediment human
direct contact exposure areas
in Reaches 7 & 8.
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Figure 3-16a.
Averaging areas used 
for benthic invertebrate 
sediment IMPG comparisons
in Reaches 5 & 6.
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NOTES:  
Benthic invertebrate averaging areas are EPA 
"spatial bins" in Reaches 5/6, and are 
subreaches in Reaches 7/8.
Separate averaging areas are shown as different
colors, and labels (e.g., R5C_01) represent
averaging area IDs.
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Figure 3-16b.
Averaging areas used 
for benthic invertebrate
sediment IMPG comparisons
in Reaches 7 & 8.
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Figure 3-17.
Backwater averaging areas 
used for amphibian sediment 
IMPG comparisons.
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NOTE:  
Separate averaging areas are shown as different 
colors, and labels (e.g., BWL_11) represent
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Figure 3-18.
Model grid cells used to 
define the 1-km sediment 
averaging areas for insectivorous
birds.
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NOTE:  
Separate averaging areas are shown as different 
colors, and labels (e.g., KM 11) represent averaging
area IDs.
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Figure 3-19.
Model grid cells used to define
the sediment averaging areas
for piscivorous mammals.
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