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Background 
 
Modeling efforts to support the development of the dredge prisms for OU1 sediments have 
been extensive. The methods for development of the dredge prisms have been detailed in the 
GMS-SED white paper, which was included as an appendix to the OU1 Basis of Design 
Report.  
 
The main goal of earlier modeling work was to develop the prism, and to interpret the 
volumes of sediment that would be needed to be removed to achieve the OU1 RAL of 1 ppm 
PCBs.  Here the model is utilized to a much fuller extent, including modeled percent solids in 
conjunction with modeled PCB concentrations and sediment depth to provide estimates of in-
situ PCB mass. 
 
The sediment bed model is essentially a three-dimensional mesh, constructed from a network 
of multiple triangulated layers.  Horizontal mesh node spacing is typically on the order of 30 
feet (and finer).  Vertically the mesh is divided into layers, the number of which ranges from 
16 to 53 depending on sub-area. The maximum vertical spacing of the mesh layers is four 
inches, and is often much finer since the number of layers are set by the maximum sediment 
thickness modeled for the sub-area.  Data interpolations to the three-dimensional mesh for 
each sub-area exclusively utilized the inverse distance weighting (IDW) algorithm with 
Shepards method (IDW power is 2).  Further detailed information of model development is 
given in the BODR white paper.   
 
This note has been modified from Attachment 1 of the 2005 RA Summary Report. This note 
focuses on the settings and modeling procedures used for the 2006 Remedial Action. 
 
Attachment 1: 

Eykholdt, G. (2006), “GMS Modeling and SWAC Calculation Methodologies,” Foth & 
Van Dyke and Associates. October, 2006. 

 
Pre-dredge Model Settings 
 
Pre-dredge model settings used for the 2006 Remedial Action are presented in Table 1. 
Updates to the GMS-SED models were most extensive for Sub-areas POG3 South and 
POG2.  For both of these sub-areas, significant changes to the expected vertical extent of the 
soft sediment domain required new 3D meshes to be generated, a major modeling task.  For 
Sub-area POG2, the horizontal boundary of the sub-area was also refined to better reflect the 
southern boundary and also to be better aligned with the model representation of the adjacent 
sub-areas (POG3, POG4, and E1).  No modeling revisions were made in 2006 for Sub-areas 
C / D2 South and a minor revision to the model dataset for Sub-area POG4 South was made.  
Further details of the modeling revisions are addressed within attachments to Appendix B. 
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Table 1 
Pre-Dredge GMS-SED Model Settings for OU1 2006 Remedial Action 
 

Sub-area 
 

 
Mesh and 

model 
settings 

 

 
Sample 
dataset 

 

 Number of 
nearest 
sample 

points used
 

Vertical        
(z-scale) 

anistropy 
factor 

  
Note 

 

C BODR BODR 4 0.00266 1 

D2 South BODR BODR 4 0.0007 1 

POG2 Revised, 
see note 2 

BODR 4 0.02125 2 

POG3 South Revised, 
see note 2 

April 2006 4 0.00247 3 

POG4 South BODR BODR, 
see note  4 

4 0.0045 4 

E1 BODR BODR 8 0.0040 - 

 
1. Reference:  Laszewski, Steve (2005), “Proposal for Sub-area A and Sub-area C/D2S Dredge Prism 

Refinement,” Foth & Van Dyke and Associates, memorandum to Greg Hill (WDNR), Jim Hahnenberg 
(USEPA), and Rich Johnson (Boldt), October 19, 2005. 

2. A major revision was made to better model the geometry of the POG2 channel.  However, the same sample 
set and PCB interpolation settings were applied. Refer to the following memorandum for further details:  
Eykholt, J., and Roznowski, D. (2006), “OU1 Sub-Area POG2 Revisions to Dredge Prism,” Foth & Van 
Dyke and Associates, memorandum to Bill Hartman (GW Partners), August 17, 2006.  Included as 
attachment to Appendix B. 

3. Reference:  Roznowski, D., and Eykholt, J. (2006), “Proposal for Sub-area POG3 and POG4 Dredge Prism 
Refinement,” Foth & Van Dyke and Associates, memorandum to Bill Hartman (GW Partners), June 28, 
2006. Included as attachment to Appendix B. 

4. For Sub-area POG4, a minor correction to the sample dataset used in the BODR (March 2005) version of the 
GMS-SED model for BODR (March 2005) was applied, leading to a slight expansion of area for dredging in 
POG4 South.  The correction led to the full use of samples presented in the BODR. Although extensive 
poling along the shoreline of POG4 South was conducted in 2006 prior to dredging, shoreline slope 
adjustements were minor and no corrections to the model prism were required.  See reference associated 
with note 3 (above) for further details. 
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Post-dredge Model Settings 
 
The post-dredge sediment bed model is a combination of the pre-dredge model for areas not 
dredged, and newly interpolated post-dredge data for areas that were dredged.  Newly 
interpolated areas utilize post-dredge data, and are interpolated under the same parameter 
settings as for the BODR.  For regions not dredged, the post-dredge model retains mesh node 
values from the pre-dredge model.  For dredged areas, mesh node values are based on 
interpolations exclusively using post-dredge data. Further details of modeling methods (such 
as soft-sediment thickness modeling for the post-dredge areas) are presented below. 
 
 
Post-processing of GMS-SED Model Outcomes 
 
Given the three-dimensional meshes of interpolated PCB and percent solids data, a custom 
post-processing algorithm was constructed to express detailed metrics for a specified vertical 
profile.  The metrics are expressed as spatial (XY) data to the two-dimensional triangulated 
irregular networks (TINs).  These two dimensional TINs, or layouts, summarize sediment 
characteristics over depth at a given horizontal location.  The post-processing algorithm was 
written utilizing Igor Pro software developed by WaveMetrics.   
 
The post-processing algorithm allows rapid and accurate evaluation of metrics for all TIN 
nodes (all XY locations for which modeling results are reported) including: 
 
a. Maximum PCB concentration 
b. Average percent solids associated with dredge cut 
c. Area and volumes of sediment  
d. PCB mass  
e. Total dry and wet tonnage of sediment for the depth of dredge cut 
f. Mass of PCBs per unit area (grams PCBs per square meter) 
g. Mass of PCBs per unit volume (kg PCBs per CY) 
 
There are four main steps to the post-processing algorithm: 
 

1. Calculate influence areas (Theissen polygon areas) for all XY locations reported by 
the model (TIN nodes).  Figure 1 shows the triangulated irregular network (TIN) 
nodes, the triangulation, and the resulting Theissen polygons. 

 
2. Load the three-dimensional mesh data from the sediment bed model.  The three-

dimensional mesh data for PCBs and percent solids are input, and the two-
dimensional TINs of soft sediment thickness, polygon areas, and top-of-sediment 
elevations are also input. 

 
3. The three-dimensional mesh data are analyzed to generate the isopach prism (the 

isopach to meet a specific RAL with a prescribed overcut). This is done through 
linear interpolation of PCB concentrations over the vertical profile of the mesh. 
Figure 2 shows the vertical profile, determination of the dredge cut, and application 
of the overcut. Sediment volume is determined as the product of the (Theissen) 
polygon area and the dredge cut.  Then mesh data for percent solids and PCBs are 
analyzed to 
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Figure 1.  Top view of triangulated irregular network (TIN). GMS-SED model provides data (PCBs, % solids, 
elevation) and coordinates of each TIN node. A mapping application is used to develop Theissen polygon areas. 
 

 
 

Figure 2.   Profile view of soft sediment layers at a TIN node and orientation 3D mesh elements used for post-
processing GMS-SED modeling results for PCBs and percent solids. Post-processing includes determination of 
cut thickness, volume (with known Theissen polygon area), dry and wet weights, average percent solids, 
average PCB concentration and other metrics. 
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account for the sediment volume, PCB mass, maximum and average PCB 
concentration, and other metrics at each TIN node. 

 
4. The summary results from each TIN node are aggregated and analyzed further 

(summary statistics). Total volumes, dry tons, bulk densities, average percent solids, 
average PCBs, PCB mass, and other measures are computed for all sub-areas and 
sub-area regions used in the post-processing set.  

 
An example of a two-dimensional layout constructed from the post-processing algorithm is 
the maximum PCB concentration over depth to 1 ppm with a 4-inch overcut.  Here the 
algorithm looks vertically at the three-dimensionally interpolated PCB mesh, and identifies 
the depth to 1 ppm plus overcut at each horizontal location.  In this column, the maximum 
interpolated concentration to the specified depth is then chosen. 
 
Another example is construction of a two-dimensional layout representing PCB mass.  At 
each three dimensional mesh node, a representative volume is calculated as the Thiessen 
polygon area (horizontal) multiplied by the mesh layer thickness (vertical).  For each mesh 
node volume, the PCB mass (expressed in kg) was found through multiplying the volume by 
the interpolated mesh node PCB concentration and sediment dry density, and multiplying by 
an appropriate conversion factor.  The PCB mass values were then summed vertically to the 
specified depth to give total PCB mass at a horizontal location. 
 
Layouts of percent solids give average percent solids in a vertical column to the isopach 
depth plus a specified overcut.  Specifically, at each horizontal location, average percent 
solids as reflected by the mesh nodes vertically to the 1 ppm cutline plus a 4-inch overcut to 
clay are presented.  Percent solids as presented in the figures illustrate modeled average 
percent solids as contours.  Core locations and numeric values of the arithmetic average of 
actual discrete core sample intervals are also presented.  In certain instances, the arithmetic 
average of discrete core samples may not exactly match the contoured average, since the 
contours are derived by averaging the mesh nodes. 
 
This method of mass estimation is generally superior to methods that use average quantities 
for material densities (uncoupled mass estimate). PCB mass is the product of the PCB 
concentration and the dry density of the sediment. Coupling the node-by-node estimates of 
sediment dry density (or percent solids) with PCB concentration generally leads to a more 
accurate PCB mass estimate. For OU1, higher PCB concentrations are often associated with 
shallow deposits with lower sediment density. Using an average material density for the 
whole sub-area (as an estimate for the local density) tends to overestimate the PCB mass 
contribution from the areas of highest PCB concentration. 
 
 
Average surface concentration calculations 
 
Estimates of average surface concentrations are generated as follows: 
 

1. The post-processing algorithm is used to calculate the average PCB concentration in 
the top four inches from the three-dimensional PCB mesh.  A two-dimensional 
“surface PCB” layout is created. If less than four inches of soft sediment is available, 
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the average is limited to the vertical extent of the soft sediment at that node. 
 

2. At each two-dimensional TIN node, the surface PCB concentration is multiplied by 
the corresponding Thiessen polygonal area.  For all TIN nodes in the region of 
interest, the multiplied results are summed.   

 
3. The corresponding Thiessen polygonal areas in the region of interest are also 

summed. 
 

4. The average surface concentration for the region of interest is then given by the sum 
in Step 2 divided by the Sum in Step 3. 

 
An example is given below for the post-dredge average surface concentration of the entire 
Sub-area A, which includes un-dredged regions and Subarea A regions outside the 1.0 ppm 
RAL: 
 

TIN Node Id 

Surface 
PCB 

(ppm) 

Thiessen 
Polygon 

Area 
(ft2) Product 

1 0.504 275.991 139.014 
2 20.374 247.993 5052.585 
3 20.774 304.812 6332.195 
4 18.162 306.517 5566.839 
5 12.105 214.249 2593.484 
6 16.637 252.445 4199.826 
7 16.888 260.437 4398.182 
... ... ... ... 
... ... ... ... 
... ... ... ... 

4523 0.345 109.581 37.818 
    

Sum 12756 3127166 6839176 
    

Average 
Surface 

Concentration 
6839176/3127166 = 2.187 

 
 
All average surface concentration calculations and areas for smaller subunits of a sub-area 
(such as a dredge management unit) are summarized with high decimal precision to greatly 
reduce round-off errors. 
 
 


