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APPENDIX H
CALCULATION OF PCB MASS REMOVED IN EACH DREDGING PASS

H.1 INTRODUCTION AND PURPOSE

The total polychlorinated biphenyl (PCB) mass in Phase 1 areas was calculated prior to
dredging and after each dredging pass to assess the amount of PCBs dredged and remaining
in the targeted areas. This information was used to assess mass removal efficiency of each
pass in each Certification Unit (CU), and in combination with the bucket files to aid in the
resuspension analyses (see Appendix G and Section 5). Cores collected pre-dredging (i.e., the
Sediment Sampling and Analysis Program [SSAP] dataset) were used to calculate the PCB
mass removed during the design dredge cut. In order to calculate the PCB mass removed and
remaining in subsequent cuts, the SSAP data was combined with data collected during post-
dredge residual sampling. Methods used to calculate mass were consistent with the approach
used in the Dredge Area Delineation (DAD; QEA 2005; QEA 2007), which account for
factors such as spatial variability in PCBs, bulk density variations, and cores with PCB

profiles that do not reach clean sediment.

H.2 MASS PER UNIT AREA (MPA)

The MPA is expressed as grams of PCB per square meter of sediment surface area and is

calculated for each sediment core according to the formula:

MPA = Zn:[PCB]i - BulkDensity, - SectionLength (H-1)
i=1
where:
n = the number of sections in the core
[PCBJi = the concentration of PCB in section 7 (milligrams per kilogram
[mg/kg], dry weight)
BulkDensityi = the dry bulk density (kilograms per meter [kg/m?]) of sediments
in section 1
SectionLength: = the length of section 7 (meter [m])
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For purposes of calculating MPAs. for cores with PCB concentrations estimated by
extrapolation, the bulk density associated with the extrapolated PCBs. concentrations was

assumed to be the value measured in the bottommost sampled segment.

H.2.1 TOTAL PCB CONCENTRATION PROFILES FOR EACH CORE

During the Phase 1 DAD, the EPA established an extrapolation equation' to determine the
profile of PCBs below the last measured section for any core whose PCB profile did not
decline to less than 1 mg/kg Total PCBs (and therefore the depth to clean sediment had not
been determined from measured data). For the analysis of residual mass, all SSAP core Total
PCB profiles were extrapolated from their last measured section (regardless of whether the

1 mg/kg vertical horizon had been reached in the measured profile) to the maximum depth
to clean sediment among all SSAP cores within a given CU. Exceptions to this occurred for
grabs (below 6 inches, 0 mg/kg Total PCBs was assumed), abandoned locations with probing
less than 6 inches (0 mg/kg Total PCBs was assumed), and cores that had their depth to clean
sediment defined by clay or hard bottom (below the layer of clay or hard bottom, 0 mg/kg

Total PCBs was assumed).

For the residual cores, the profile was extrapolated from the last measured section until the
Total PCB concentration was close to zero (below 0.0005 mg/kg). Similar assumptions that
were applied to the SSAP data were applied for grabs, cores with bedrock or clay, and

abandoned locations.

H.2.2 BULK DENSITY FOR EACH SAMPLE

Extensive analysis performed during the dredge delineation showed significant variations in

bulk densities among sediment types encountered in the SSAP program (see Figure H-1).

! As developed by Kern Statistical Services (2004):
c(z) =c(0)e****

where:
c(z) = the extrapolated Total PCB concentration zinches below the mid-point of the bottom
segment
c(0) = the Total PCB concentration in the bottom segment
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This analysis, which included, on average, 5,745 samples per sediment type, included
determining average bulk density for each primary sediment type (Table H-1). For the SSAP
core sections, the measured bulk density was used when available. When not available, the
bulk density for the SSAP section was set using the average for its primary sediment type.
The residual cores included a variety of primary sediment types (see Figure H-2). Bulk
density was not measured as part of the residuals program, so each core sample was assigned
the average bulk density of its primary sediment type, as determined from the SSAP data. As
was done in the dredge delineation, the bulk density for the bottom-most measured section

was used for any extrapolated intervals.

H.3 COMBINING DATASETS FOR USE IN MASS CALCULATIONS

To convert the MPA (which is in units of grams per square meters) into mass (in grams or
kilograms), an area has to be associated with each core. During the dredge delineation, the
PCB inventory in the dredge prism was calculated using area-weighted mass values, with the
area weighted defined by thiessen polygons. The same procedure was applied to estimate
PCB remaining after each dredge cut. Area-weighting assumes that samples are
representative of their local area. Although spatial correlations in residual PCB
concentrations were not quantitatively investigated, the clustering of high PCB
concentrations and mass that was apparent throughout the residual sampling provide
evidence that such correlation exists (see Figures 6.1-3a through 6.1-3j). The areas of missed
inventory after the first dredge pass tended to be where there was low confidence in the
design prism (see discussion in Section 6.1). This clustering combined with the high
variability of PCB concentrations across the CU indicated that the residual data behaved
similarly to the SSAP cores. Consequently, it was appropriate to develop thiessen polygons
for the residual data. However, because the SSAP data locations provided additional
information about the CU PCB concentrations, even after the dredging passes, these data
were combined with the residual cores to develop thiessen polygons for the combined

dataset. SSAP cores that had significant uncertainty in their depth to clean sediment? were

% The SSAP cores that were not included in the combination of the SSAP and residual datasets were all cores that
had increasing Total PCB profiles and select cores from CUQ7 where it was previously thought that bedrock had
been encountered, but instead, the sub-bottom conditions was actually a woody debris payer that was “hiding”
significant missed inventory. These cores were RS1-9594-IN045, RS1-9594-PR008, RS1-9594-WS092, RS1-9594-
WT088, RS1-9594-WT093, and RS1-9594-1N044.
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not combined with the residual datasets. The combination of these two datasets is described

in more detail below.

Figure H-3 shows conceptually the thiessen polygons developed for a hypothetical CU for
the design dredge cut using just the SSAP data. These polygon areas are multiplied by the
MPA for each core to set the estimated PCB mass within the design dredge cut for that CU.
After dredging, residual samples are off-set from the SSAP core locations (Figure H-4). These
residual core locations are combined with the SSAP locations that have confidence in their
depth to clean sediment and a new thiessen polygon coverage is established for all dredge
passes post-design dredge cut. This approach thereby “constrains” the SSAP data because
more knowledge about the CU is gained with the residual sampling but the previous
knowledge contained with the SSAP data should not be ignored. For simplicity, the thiessen
polygon coverage for all re-dredge passes was set using the residual locations established
during the first residual sampling of a CU. Although subsequent residual samples for a node
were not exactly co-located with the first sampled location, the re-sampled locations were
close to the first and the uncertainty introduced by using the same polygon for a given

residual node was relatively small compared to other uncertainties in this method.

H.4 SETTING ELEVATION OF CUT LINES AND DETERMINING MASS REMOVED IN
EACH PASS

The PCB mass removed during the design cut was calculated using thiessen polygons
generated from SSAP cores only. The dredge depth of the design cut was approximated as
the difference in elevation between the average pre-dredge elevation?® within each thiessen
polygon and the average post-design cut elevation within each thiessen polygon. The use of
an average elevation accounts for variability in the surface of the sediment bed within each
cores area of influence. The PCB mass above this cut depth represents the SSAP mass
removed during the design dredge cut (see Table 4.2-3; Figures H-5a through H-5j, left-hand

panels).

® The SSAP core elevations were based on 2005 bathymetry because 2005 best represented the elevation of the
SSAP data, which was sampled from 2002 to approximately 2007.
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The PCB mass remaining after the design cut (Figures H-5a through H-5j, right-hand panels)
and the mass removed and remaining for subsequent re-dredge passes was calculated using
thiessen polygons generated from a combined of SSAP/residual dataset. As with the SSAP-
only analysis during the design dredge cut, the average elevations within each thiessen

polygon were used to determine the cut depth for each pass.

e Mass removed by dredge pass:
— SSAP locations: the difference in mass remaining between the previous dredge
pass and subsequent dredge pass
— Residual nodes: the mass above the cut line in the residual core collected
during the previous round of sampling
e Mass remaining prior to backfill/capping:
— SSAP locations: mass below the cut depth of the final re-dredge pass
— Residual nodes: total mass of the last residual core collected at each residual
node location
e Total PCB mass within Phase 1 (pre-dredging):
— Sum of the mass removed during all dredge passes and the mass remaining

after the final pass

In Table 4.2-3, the difference between the SSAP-only and the combined SSAP/residual data
estimated inventory provides an estimate of the inventory that had not been defined during

the dredge delineation due to limitations in the SSAP data.

H.5 SENSITIVITY OF MASS ESTIMATES TO DATA EXCLUSION

The post-design cut mass estimate presented above takes advantage of the knowledge
obtained from the SSAP program regarding PCB concentrations in sediments below the
design cut. Excluding these data results in greater interpolation and extrapolation and a less
confident estimate of residual mass. For example, it allows results in low-confidence areas to
be mapped onto high-confidence areas. The implications of reducing the data set by

excluding SSAP information was examined for two alternative scenarios:
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¢ Include only those SSAP cores with high confidence in the depth of contamination
(i.e., exclude any SSAP cores where extrapolation was used in establishing a depth of
contamination)

e Use only residual cores (exclude all SSAP data)

The data treatments and approach to the mass calculation for these sensitivities (e.g.,
generating thiessen polygon, setting elevations, varying bulk density, etc.) were the same as

described above, just with a reduced sample size in each CU.

Results of this analysis are shown on Table H-2. As expected, the SSAP data limit
extrapolation from low-confidence areas and their removal results in higher estimates of
residual mass. By excluding all low-confidence SSAP cores (cores with extrapolated DoCs),
the estimate of mass removed in Phase 1 increases from 16,320 to 17,110 kg. When limiting

the data to residual cores only, the estimate of mass removed increases to 18,235 kg.
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TABLES




Table H-1
Mean Bulk Density Based on SSAP Data

Mean Bulk
Primary Density Number of
Sediment Type (g/cma) Samples
Organics 0.47 793
Clay 1.37 2,252
Silt 0.74 12,198
Fine Sand 1.24 12,678
Medium Sand 1.55 6,845
Coarse Sand 1.60 3,045
Gravel 1.72 1,520

Note: This information taken direction from Table 2-3 of the Phase 2 Dredge Area Delineation Report (QEA 2007).
Values reported removed bulk density statistical outliers.
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Table H-2

Sensitivity of Mass Estimates by use of Core Data

Total Mass Removed from Phase 1 (kg) Total Mass Remaining Post-Dredging (kg)
Scenario 2 Scenario 2
(Residual & (Residual &
Scenario 1 High Scenario 3 Scenario 1 High Scenario 3
Certification | (Residual & Confidence |(Residual Cores| (Residual & Confidence | (Residual Cores
Unit SSAP Cores)' | SSAP Cores) Only) SSAP Cores)' | SSAP Cores) Only)
01 420 465 470 720 825 830
02 1,970 2,320 2,615 60 75 85
03 3,680 3,950 4,370 20 20 30
04’ 2,780 2,695 2,930 85 135 190
05 540 545 555 20 20 20
06 530 515 515 290 255 255
07 1,510 1,650 1,675 30 35 40
08 1,050 1,080 1,150 40 35 70
17 1,740 1,760 1,800 15 10 10
18 2,100 2,130 2,155 60 35 35
Total 16,320 17,110 18,235 1,340 1,445 1,565
Notes
1. All mass analyses provided in the Phase 1 Evaluation Report are based on Scenario 1 calculations.
2. Dredging was halted prior to meeting grade in CU04 during the design dredge cut.
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