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SUBJECT:  DETERMINATION REGARDING THE SUITABILITY OF MAINTENANCE DREDGED 
MATERIAL FROM THE DUWAMISH RIVER NAVIGATION CHANNEL EVALUATED UNDER 
SECTION 404 OF THE CLEAN WATER ACT FOR UNCONFINED OPEN-WATER DISPOSAL AT 
THE ELLIOTT BAY NONDISPERSIVE SITE.  
  
1.   Introduction.  This memorandum reflects the consensus determination of the Dredged 

Material Management Program (DMMP) agencies (U.S. Army Corps of Engineers, Washington 
Departments of Ecology and Natural Resources, and the Environmental Protection Agency) 
regarding the suitability of up to 136,000 cubic yards (cy) of dredged material from the 
Duwamish Waterway federal navigation channel and turning basin for placement at the Elliott 
Bay nondispersive open-water disposal site.  

 
The federal navigation channel area proposed for dredging falls within the Lower Duwamish 
Waterway Superfund Site.  As such, the DMMP characterization of proposed dredged material 
for this project was conducted in coordination with EPA Superfund.   

  
2.   Background.  As authorized by Congress in the Rivers and Harbors Acts of 1925 and 1930, 

the Seattle District, Corps of Engineers (Corps) conducts maintenance dredging of the Seattle 
Harbor Federal Navigation Project in the lower Duwamish River in Seattle, Washington 
(Figures 1 and 2).  This suitability determination covers the authorized project between stations 
242+00 and 275+56, which includes the turning basin and adjacent navigation channel.  The 
authorized depth of the project in this area is minus 15-feet (mean lower low water, MLLW).  
The authorized dimension for the channel bottom width is 150 feet.  The authorized 
dimensions for the channel’s turning basin include a width of 250 feet and a length of 500 feet.   

 
The channel and turning basin were last characterized in 2011 (DMMP 2011).  The turning 
basin (station 270+56 to 275+56) was ranked low-moderate.  Section A, which included the 
navigation channel from station 254+00 to 270+56, was ranked moderate.  Section B, from 
station 242+00 to 254+00, was ranked high.  All of the characterized material was determined 
to be suitable for open-water disposal with the exception of a single dredged material 
management unit (DMMU) in Section B.  The suitable material was dredged and disposed at 
the Elliott Bay site between December 1, 2011 and February 9, 2012.  The unsuitable material 
was dredged and transported by rail to the Roosevelt Regional Landfill in Eastern Washington 
between January 28 and February 17, 2013.   
 
Maintenance dredging of the turning basin and Section A was conducted again under the 
DMMP recency guidelines in 2013, 2015 and 2017.   There has been no dredging in Section B 
since 2013.   

 
During sediment characterization in 2008-2009, dioxin concentrations in the z-samples (-17 to  
-18 feet MLLW) in Section B were higher than in the overlying sediment (DMMP, 2009).  
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Exposure of this sediment would violate the State of Washington antidegradation standard.  
Therefore, for the 2011 and 2017 characterizations, the Corps elected to leave a one-foot 
buffer of overlying sediment (-16 to -17 feet MLLW) in place in Section B to isolate the elevated 
dioxin concentrations.  This means that overdepth is restricted to one foot in Section B (to -16 
feet MLLW).  An overdepth of two feet is allowed in the turning basin and Section A (to -17 feet 
MLLW).   
 

3.  Project Summary.  Table 1 includes project summary and tracking information. 
 

Table 1.  Project Summary 
Project ranking:  
   - stations 242+00 to 254+00 (Section B) 
   - stations 254+00 to 270+56 (Section A) 
   - stations 270+56 to 275+56 (Turning Basin) 

 
High 
Moderate 
Low-Moderate 

Proposed dredging volume 136,000 cubic yards 
Proposed dredging depth (Section B) -16 feet MLLW  (including overdepth) 
Proposed dredging depth (Turning Basin and Section A) -17 feet MLLW  (including overdepth) 
Draft SAP received  October 17, 2017 
Draft SAP returned for revisions October 25, 2017 
Revised SAP received October 27, 2017 
Revised SAP approved November 1, 2017 
Sampling dates  November 6-11, 2017 
Draft data report received  March 28, 2018 
Comments provided on draft report April 12, 2018 
Final data report received May 9, 2018 
DAIS Tracking number  DUW18-1-B-F-391 
EIM Study ID DUWOM17 
Recency Determination: 
   - Section B = 3 years (high-ranked) 
   - Section A = 6 years (moderate) – see Section 10 
   - Turning Basin = 6 years (low-moderate) 

 
November 2020 
November 2023 
November 2023 

 
4. Project Ranking and Sampling Requirements.  The turning basin (stations 270+56 to 

275+56) is ranked as “low-moderate” concern for potential contamination (DMMP, 2016b); 
Section A (254+00 to 270+56) is ranked “moderate”; and Section B (242+00 to 254+00) is 
ranked “high”.   

 
The sediment in the turning basin (low-moderate) was considered homogeneous due to rapid 
shoaling and routine maintenance.  The numbers of required samples and dredged material 
management units (DMMUs) for this area were calculated using the following guidelines 
(DMMP, 2016b): 

• Maximum volume of sediment represented by each field sample = 8,000 cubic yards  
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• Maximum volume of sediment represented by each DMMU = 40,000 cubic yards 
 

The estimated dredged material volume in the turning basin was 38,849 cubic yards (including 
a contingency factor of 41%).  This volume was characterized using a single DMMU, 
represented by a composite of samples from six locations (Figure 3).  

 
In Section A (moderate), where the sediment was also considered homogeneous, the number 
of samples and DMMUs were calculated using the following guidelines: 

• Maximum volume of sediment represented by each field sample = 4,000 cubic yards  
• Maximum volume of sediment represented by each DMMU = 20,000 cubic yards 

 
The estimated dredged material volume in Section A was 46,672 cubic yards (including a 
contingency factor of 41%).  Section A was divided into three DMMUs, each represented by a 
composite of sediment samples from four locations (Figure 3).   
 
In Section B (high) – considered heterogeneous due to infrequent dredging – the number of 
samples and DMMUs were calculated using the following guidelines: 

• Maximum volume of sediment represented by each field sample = 4,000 cubic yards  
• Maximum volume of sediment represented by each DMMU = 4,000 cubic yards 

 
The estimated volume in Section B was 31,412 cubic yards (including a contingency factor of 
49%).  Nine DMMUs were allocated to this section, with each DMMU represented by sediment 
samples from a minimum of two locations (Figure 4).   
 
Table 2 provides details for the DMMUs, including volumes, depths and stationing.  The 
rationale for selection of contingency factors can be found in the sampling and analysis plan 
(Anamar/EcoAnalysts, 2017).  Because the rate of sediment accumulation is highly dependent 
on winter storm events, the intensity of which can vary considerably from year to year, the 
DMMP agencies agreed that dredging of the maximal volume of dredged material allowed per 
DMMU under the DMMP guidelines would be covered by the suitability determination.  The 
total volume for the DMMUs tested – based on the maximal volume allowed per DMMU − is 
136,000 cy. 
 

5. Sampling.  Field sampling took place November 7-11, 2017 using a vibracore sampler.  
Figures 3 and 4 show both target and actual sampling locations.  Table 3 includes the 
sampling data. 

 
Recovery was low in cores collected in the turning basin.  The sampling and analysis plan 
included three primary target sampling stations (TB-01, TB-02 and TB-03), plus one additional 
station (TB-04), where sampling would be contingent on the rate of recovery at the three 
primary stations.  A total of eight sampling attempts were made at the three primary stations.  
None of these attempts achieved the target recovery rate of 75%.  In order to collect the 
required number of 4-foot core sections in the turning basin, sediment was collected at the 
contingency station plus two additional stations (TB-05 and TB-06).  The sampling team 
communicated regularly with DMMO regarding the sampling issues encountered and DMMO 
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kept the other DMMP agencies apprised.  Best professional judgment was exercised in the 
retention of cores that did not meet the target recovery rate and in the subsectioning of cores 
to represent dredged material and Z-samples.  The sediment characterization report includes a 
detailed description of coring at the six stations in the turning basin and the application of best 
professional judgment.  The DMMP agencies concurred that the composite (DUW17-TB-
DMMU-01) created from sediment samples collected from the turning basin was representative 
of the material that will be dredged.   

 
Sampling in Section A was completed with only minor issues.  Two attempts were required at 
two of the stations (SA-07 and SA-11) due to low recovery in the first attempt.  At SA-04, the 
core from the first attempt was retained for use even though the recovery was slightly less than 
the 75% target recovery rate.   
 
Minor recovery difficulties were also encountered in Section B.  Two attempts were needed at 
two stations (SB-07 and SB-12) due to inadequate recovery in the first attempt.  Two attempts 
were also made at SB-09, even though recovery in the first attempt was 76%.  At a fourth 
station (SB-17), penetration was not deep enough for a Z-sample to be collected.  In all cases, 
the second attempt achieved the target recovery rate and penetrated deep enough to provide a 
Z-sample.   
 
A more serious error occurred at SB-06.  The wrong coordinates were entered in the 
navigation system, resulting in the core being collected in DUW17-SB-DMMU-04 instead of 
DUW17-SB-DMMU-03.  This error was not identified until samples had been processed.  The 
DMMO was notified and the DMMP agencies deliberated about the path forward.  A decision 
was made to review the preliminary chemical data to see what, if any, impact this error could 
have on decision-making.  An evaluation of the chemical data (and subsequent bioassay data) 
led the agencies to conclude that the sampling error did not adversely affect their ability to 
make a suitability determination for DUW17-SB-DMMU-03.  The rationale is as follows: 
 There were no SL exceedances in the first four DMMUs in Section B (DUW17-SB-

DMMU-01, DUW17-SB-DMMU-02, DUW17-SB-DMMU-03 and DUW17-SB-DMMU-
04).  The probability that the chemical results for DUW17-SB-DMMU-03 would have 
included SL exceedances had sample SB-06 been taken 60 feet to the north − in the 
correct location − is low, given the low concentrations for chemicals of concern 
(COCs) in this part of the project.  

 The COCs that had detected SL exceedances in other parts of the project were 
reviewed to see how close their concentrations were to exceeding SL in the first four 
DMMUs in Section B.  The highest mercury concentration was 0.117 mg/kg, in 
DUW17-SB-DMMU-02 (SL = 0.41 mg/kg).  The highest benzyl alcohol concentration 
was 11 ug/kg, in DUW17-SB-DMMU-04 (SL = 57 ug/kg).  The highest total chlordane 
concentration was 2.3 ug/kg, in DUW17-SB-DMMU-03 (SL = 2.8 ug/kg).  The highest 
total PCB concentration was 101 ug/kg, in DUW17-SB-DMMU-04 (SL = 130 ug/kg). 
The COC that came closest to exceeding SL was total chlordane.  

 The two DMMUs that did exceed the SL for total chlordane (DUW17-SB-DMMU-05 
and DUW17-SB-DMMU-06) were subjected to bioassays and passed the DMMP 
suitability guidelines for open-water disposal.   
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6. Chemical Analysis.  The sediment conventional results (Table 4) show that the proposed 
dredged material in the turning basin was predominantly sand.  DMMUs in Section A had 
approximately equal amounts of sand and fines.  In Section B, the fines fraction dominated, 
ranging from 63% to 78%.  Total organic carbon (TOC) content typically co-varies with percent 
fines, but this was not the case for the Duwamish samples.  TOC was highest in the turning 
basin (3.4%), perhaps reflecting the layers of organic material encountered at some stations 
there during sampling.  TOC was somewhat lower in Section A, ranging from 2.8% to 3.1%.  
Section B had the lowest TOC, ranging from 2.1% to 2.6%.  Sulfides concentrations were more 
consistent with expectations, with a low of 550 mg/kg in the turning basin, increasing to an 
average of 1,110 mg/kg in Section A, and 1,970 mg/kg in Section B.  Unlike sulfides, ammonia 
concentrations did not show a consistent spatial trend.  The turning basin had the second 
lowest concentration, with an ammonia level of 38.2 mg/kg.  The lowest concentration (38.1 
mg/kg) was found in Section B, in DUW-SB-DMMU-02.  The average ammonia concentrations 
in Section A and Section B were 76.6 mg/kg and 66.7 mg/kg respectively.       
 
Analysis of the standard DMMP COCs resulted in several screening level (SL) exceedances.  
Some of the exceedances were for detected concentrations of COCs, while others were for 
non-detects with detection limits that exceeded SL.  Following are listings of these 
exceedances, along with their resolution or consequences.  This information is also 
summarized in Table 5. 

 
Detected exceedances of SL:   

 
Mercury exceeded SL in DUW17-SA-DMMU-01, with a concentration of 0.72 
mg/kg (SL = 0.41 mg/kg).  The bioaccumulation trigger (BT) for mercury is 1.5 
mg/kg, so was not exceeded.  Bioassays were run on DUW17-SA-DMMU-01 as a 
result of the SL exceedance. 
 
Benzyl alcohol exceeded SL in DUW17-TB-DMMU-01, with a concentration of 67 
ug/kg (SL = 57 ug/kg).  There is no BT for benzyl alcohol.  In 2016, the DMMP 
agencies addressed situations in which benzyl alcohol is the only COC exceeding 
SL in a DMMU (DMMP, 2016a).  Benzyl alcohol has natural sources and can be 
associated with leaf litter, small woody debris and other herbaceous or ligneous 
material of terrestrial origin.  Layers of organic material were encountered during 
vibracore sampling in the turning basin (Anamar/EcoAnalysts, 2018) and is the 
likely source of the benzyl alcohol found in the turning basin composite.  Higher % 
TOC also corroborated the presence of organic debris.  Given the marginal 
exceedance of SL and the known presence of organic material in the turning 
basin, the DMMP agencies agreed that bioassay testing would not be required for 
this DMMU. 

 
Total chlordane exceeded SL in DUW17-SB-DMMU-05 and DUW17-SB-DMMU-
06, with concentrations of 3.1 ug/kg and 4.9 ug/kg respectively (SL = 2.8 ug/kg).  
The BT for total chlordane is 37 ug/kg, so was not exceeded.  Bioassays were run 
on these DMMUs as a result of the SL exceedances. 
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Total PCBs exceeded SL in DUW17-SB-DMMU-06, with a concentration of 132 
ug/kg (SL = 130 ug/kg).  The BT for PCBs is a carbon-normalized concentration 
(38 mg/kg organic carbon).  The carbon-normalized concentration for total PCBs in 
DUW17-SB-DMMU-06 was only 5.6 mg/kg organic carbon, so the BT was not 
exceeded.  Bioassay testing of DUW17-SB-DMMU-06 was already triggered by 
the SL exceedance for total chlordane. 

 
Non-detects with detection-limit exceedances of SL:   

 
2-4-dimethylphenol and hexachlorobutadiene were not detected in any of the 
DMMUs, but the detection limits for these COCs exceeded SL in DUW17-SA-
DMMU-01 and DUW17-DMMU-SA-02.  The initial analyses were conducted with a 
dilution of 5X.  The samples were reanalyzed at a dilution of 2.5X, which brought 
the detection limits below SL.  No bioassays were needed due to these COCs; 
however, bioassays were run on DUW17-SA-DMMU-01 due to the detected 
exceedance of the mercury SL discussed previously.  

 
Total chlordane was reported as a non-detect for DUW17-SA-DMMU-03 and 
DUW17-SB-DMMU-08, but with detection limits that exceeded the SL of 2.8 ug/kg.  
The samples were reanalyzed using tandem mass spectroscopy (MS/MS), which 
brought the detection limits below SL.  No bioassays were needed.   

 
Dieldrin was not detected in any of the DMMUs, but the detection limit exceeded 
the SL of 1.9 ug/kg in the following samples:  DUW17-SA-DMMU-03, DUW17-SB-
DMMU-05, DUW17-SB-DMMU-06 and DUW17-SB-DMMU-08.  DMMUs DUW17-
SA-DMMU-03 and DUW17-SB-DMMU-08 were reanalyzed using MS/MS, which 
brought the detection limits below SL.  No bioassays were needed for these two 
DMMUs.  Bioassay testing of DUW17-SB-DMMU-05 and DUW17-SB-DMMU-06 
had already been triggered by the detected SL exceedance for total chlordane. 
Therefore, there was no need to reanalyze these samples for dieldrin. 
 

Dioxins/furans (dioxins) were analyzed in all DMMUs.  Table 6 includes the results from the 
analysis and Table 7 includes the toxic equivalency (TEQ) calculations.  The dioxin TEQ 
concentrations for all DMMUs were below the DMMP disposal site management objective 
(DSMO) of 4 nanograms per kilogram (ng/kg) TEQ − with non-detected congeners set equal to 
one-half the estimated detection limit (EDL) − with the exception of DUW17-SA-DMMU-03, 
which had a TEQ of 4.3 ng/kg.  The lowest dioxin concentration (1.4 ng/kg TEQ) was found in 
the turning basin (DUW17-TB-DMMU-01).   
 
In response to the Essential Fish Habitat conservation recommendations that accompanied  
the National Marine Fisheries Service’s biological opinion on the effects of dredged material 
disposal on listed rockfish species (DMMO, 2016), the Corps agreed to conduct limited 
analysis of polybrominated diphenyl ethers (PBDEs) for federal dredging projects in urban 
areas.  For the Duwamish O&M project, three samples were analyzed for PBDEs.  The 
samples consisted of a supercomposite of sediment from all DMMUs in the turning basin 
(DUW17-TB-SC); a supercomposite of all DMMUs in Section A (DUW17-SA-SC); and a 
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supercomposite of all DMMUs in Section B (DUW17-SB-SC).  Table 8 includes the PBDE 
results. 
 
All chemistry data were validated by EcoChem.  Validation included EPA Stage 2B validation 
of all chemical data and Stage 4 validation for 10% of the dioxin data.  Only minor QA/QC 
issues were reported.  All data were considered acceptable for use, with the exception of 
PBDE-010.  The data for this congener were rejected due to poor recovery in the laboratory 
control sample.  Validation results are summarized in the sediment characterization report 
(Anamar/EcoAnalysts, 2018). 

 
7.   Bioassays.  Bioassays were run on three of the four DMMUs with detected SL exceedances.  

These included DUW17-SA-DMMU-01 (mercury); DUW17-SB-DMMU-05 (total chlordane); and 
DUW17-SB-DMMU-06 (total chlordane and total PCBs).  Bioassays were not required for 
DUW17-TB-DMMU-01, which exceeded the SL for benzyl alcohol (see the discussion in the 
previous section).  Two reference sediment samples from Carr Inlet were also run.   
 
The standard suite of three bioassay tests (amphipod mortality, larval development, and 
polychaete growth) was performed.  The DMMP interpretation guidelines for nondispersive 
disposal sites were used to assess the bioassay results.  The interpretation guidelines are 
found in Table 9.  Negative control and reference sediments met the DMMP performance 
criteria for all three bioassays (Table 10).  Test sediments were matched with the reference 
sediments on the basis of grain-size distribution.  Table 11 provides the match-ups between 
test and reference sediment samples.   

 
Amphipod Mortality.  The amphipod bioassay was run using Eohaustorius estuarius as 
the test species.  Test results are shown in Table 12.  All test sediments had survival rates 
that were greater than 80% of control survival.  Therefore, there were no hits for any of the 
DMMUs.   
 
There were minor temporary water temperature excursions above the recommended 
range of 14 to 16 degrees Celsius for all treatments except CR-23.  The maximum 
temperature reached was 16.6 degrees Celsius for a single replicate of CARR-01 on Day 
10.  These minor temperature deviations did not appear to negatively affect the outcome of 
the test.  All other water quality parameters were within their respective recommended 
ranges.  Unionized ammonia and hydrogen sulfide concentrations were all below the 
DMMP purging triggers.  The laboratory also conducted a reference-toxicant test using 
ammonium chloride.  The no-observed-effect concentration (NOEC) was 1.63 mg/L 
unionized ammonia, which was well above any of the concentrations measured during the 
test (EcoAnalysts, 2018).   
 
Larval Development.  The larval development bioassay - using Mytilus galloprovincialis - 
was run using the resuspension protocol.  The resuspension protocol involves 
resuspending the sediment in each test chamber at approximately 40 hours and allowing 
the sediment to settle until test termination.  The results are shown in Table 13.  
 
All DMMUs had normal counts that were less than 80% of the normal count in the control.  
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Therefore, a comparison to reference was necessary.  BioStat was used for the statistical 
comparisons.  The results for DUW17-SA-DMMU-01 were not statistically different from its 
corresponding reference, CR-23 (Figure 5). Therefore, there were no hits of any kind for 
this DMMU.  In contrast, the difference between the number of normal survivors for 
DUW17-SB-DMMU-05 and DUW17-SB-DMMU-06 when compared to their corresponding 
reference, CARR-01, was statistically significant (Figures 6 and 7).  However, the 
difference was less than the 30% required for a hit under the 1-hit rule for nondispersive 
sites. Therefore, DUW17-SB-DMMU-05 and DUW17-SB-DMMU-06 scored single hits 
under the 2-hit rule in the larval development bioassay under the DMMP guidelines for 
nondispersive sites.   

 
Water quality parameters remained within the target limits throughout the 48-hour test, with 
the singular exception of temperature on Day 1 for CR-23 (EcoAnalysts, 2018).  Unionized 
ammonia concentrations were all below the DMMP purging triggers.  The laboratory also 
conducted a reference-toxicant test using ammonium chloride.  The no-observed-effect 
concentration (NOEC) was 1.14 mg/L unionized ammonia, which was well above any of 
the concentrations measured during the test.   
 
The Day 0 hydrogen sulfide concentrations for CARR-01, CR-23 and DMMU SB-DMMU-
05 all exceeded the DMMP purging limit of 0.0025 mg/L, with the highest concentration 
being 0.005 mg/L.  The Day 2 hydrogen sulfide concentration for CARR-01 also exceeded 
the purging trigger, with a concentration of 0.004 mg/L.  Day 1 concentrations were all 
0.000 mg/L.  The DMMP purging limit was conservatively established at the lowest NOEC 
from available studies (DMMP, 2015a).  Therefore, it is possible that concentrations of 
hydrogen sulfide measured just above the lowest NOEC may have had little or no adverse 
effect in this particular bioassay.  Evidence of this can be seen in the results for CARR-01, 
which had the highest hydrogen sulfide concentrations of all treatments.  The reference 
performance standard for the larval test is 65% of control normality or higher.  CARR-01 
had a mean normal count equal to 73.7% of control and met the reference performance 
standard. 

 
Polychaete Growth.  The juvenile polychaete growth test - using Neanthes 
arenaceodentata as the test species - was run using the ash-free dry-weight (AFDW) 
endpoint.  Results for the AFDW endpoint are displayed in Table 14.  All test sediments 
had mean individual growth rates greater than 80% of that of the control.  Therefore, there 
were no hits for any of the DMMUs.   

 
Water quality measurements were all within their respective recommended ranges.  
Unionized ammonia and hydrogen sulfide concentrations were all below the DMMP 
purging triggers.  The laboratory also conducted a reference-toxicant test using ammonium 
chloride.  The no-observed-effect concentration (NOEC) was coincidentally the same as 
for the amphipod test at 1.63 mg/L unionized ammonia, which was well above any of the 
concentrations measured during the test.   
 

Table 15 summarizes the overall interpretation of the bioassay results.  The only hits occurred 
in the larval test for DUW17-SB-DMMU-05 and DUW17-SB-DMMU-06.  These were single hits 
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under the 2-hit rule.  There were no corroborating hits in the other bioassays.  Therefore, these 
DMMUs passed bioassay testing, as did DUW17-SA-DMMU-01, which had no hits in any 
bioassay.    
 

8.   Sediment Exposed by Dredging.  Sediment exposed by dredging must either meet the State 
of Washington Sediment Quality Standards (SQS) (Ecology, 2013) or the State’s 
antidegradation standard (DMMP, 2008).  The DMMP agencies used a weight-of-evidence 
approach in deciding whether or not z-samples needed to be tested to make this 
determination.   

 
Turning Basin.  There was a single detected exceedance of SQS in the turning basin 
(Table 16).  This exceedance occurred for benzyl alcohol, which was detected at a 
concentration of 67 ug/kg (SQS = 57 ug/kg).  As discussed previously, the DMMP 
agencies concurred that the organic material encountered when sampling the turning basin 
was the likely source of the benzyl alcohol.  Higher % TOC also corroborated the presence 
of organic debris.  The agencies agreed that testing the Z-samples from the turning basin 
for benzyl alcohol was not warranted.   
 
Section A.  The only DMMU in Section A with a detected exceedance of the sediment 
management standards was DUW17-SA-DMMU-01, which had a mercury concentration of 
0.72 mg/kg.  This concentration exceeded both the SQS and cleanup screening level 
(CSL).  However, this DMMU was subjected to biological testing and had no hits in any of 
the bioassays.  Based on this evidence, the agencies agreed that testing the Z-sample for 
this DMMU for mercury was not warranted. 
 
A second COC, hexachlorobenzene, was not detected in any of the DMMUs in Section A, 
but the detection limit exceeded the carbon-normalized SQS for DUW17-SA-DMMU-01 
and DUW17-SA-DMMU-02.  Testing results from past sediment characterizations of the 
federal project were examined to see if there is any reason to believe that 
hexachlorobenzene might be present at concentrations that exceed SQS.  
Hexachlorobenzene was only detected in one study, in 1990.  The highest detected 
concentration that year was 3 ug/kg. The TOC concentration for that particular sample was 
1.71%.  This yields a carbon-normalized concentration of 0.18 mg/kg organic carbon for 
hexachlorobenzene, which is less than half of the SQS of 0.38 mg/kg organic carbon.  
Based on this examination of past data and the fact that hexachlorobenzene was not 
detected in the current sediment characterization, there is no reason to believe that the 
newly exposed sediment would have concentrations of hexachlorobenzene above SQS. 
 
Section B.  There were no detected exceedances or detection-limit exceedances of SQS 
in Section B.   
 

Based on this evaluation, the DMMP agencies concluded that the proposed maintenance 
dredging of the Duwamish Waterway federal navigation project meets the State’s 
antidegradation standard.   
 
Due to the elevated dioxin concentration found in the -17 to -18 ft MLLW layer in Section 
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B in 2008 (DMMP, 2009), maintenance dredging in Section B is restricted to a maximum 
depth of -16 ft MLLW, including overdepth.   

 
9.   Debris Management.  The DMMP agencies implemented a debris management requirement 

following the 2015 SMARM in order to prevent the disposal of debris (wood or otherwise) 
greater than 12 inches in any dimension at open-water disposal sites in Puget Sound (DMMP, 
2015b).  Debris screens are required to be used unless it can be demonstrated that debris is 
unlikely to be present or that the debris is large woody debris that can be easily observed and 
removed by other means during dredging.  Examples of projects where debris requiring the 
use of a screen is unlikely to be present include dredging of frequently maintained areas; areas 
where debris is not expected based on operational use; and past experience.   

 
USACE conducts maintenance dredging of the turning basin and Section A every two years.  
Section B is dredged less frequently, approximately every 6-8 years.   
 
With regard to operational use, the turning basin is the upper terminus of the federal navigation 
project and is not used for berthing or access to berthing facilities.  Likewise, Section A does 
not provide access to any berthing facilities.  The only ships transiting Section A are those 
using the turning basin.  Section B is used to access the Duwamish Yacht Club, Delta Marina 
Industries and Slip 6, so sees greater vessel traffic than Section A.  However, there is no 
operational use of Section B that would generate debris. 
 
Large woody debris is regularly removed from the federal waterway by USACE’s debris 
removal vessel, the M/V Puget.  Large anthropogenic debris is rarely, if ever, encountered 
during dredging of the turning basin, Section A or Section B.  
 
The DMMP agencies agreed that the dredge area is of low concern for debris and a screening 
grid is not required for this project.  However, if any debris larger than 12 inches in any 
dimension is encountered, it must be segregated and disposed of in an upland landfill or other 
appropriate location.  At no time may any debris greater than 12 inches in any dimension be 
disposed at an open-water disposal site. 

 
10. Ranking and Recency.  The DMMP agencies were requested to consider down-ranking the 

project for future sediment characterization.  This was considered especially important for 
Section A, because the turning basin and Section A are dredged together every two years and 
having different recency periods for the two subareas creates complications.   

 
The turning basin has been ranked low-moderate and Section B has been ranked high since 
implementation of the Puget Sound Dredged Disposal Analysis program in 1988.  Section A 
was ranked low-moderate until 2011, when it was given a moderate rank based on a bioassay 
failure in 2009. 

 
Down-ranking of a project – or subarea of a project – requires consistent results from two 
consecutive cycles of testing.  The last two cycles of testing were in 2011 and 2017. 
 
In 2011, the turning basin had no SL exceedances and had a dioxin concentration of 0.86 
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ng/kg TEQ.  In 2017, the turning basin exceeded the SL for benzyl alcohol and a dioxin 
concentration of 1.4 ng/kg TEQ.  A low rank is typically reserved for projects or subareas with 
no SL exceedances and a dioxin concentration less than the DSMO of 4 ng/kg TEQ.  As 
discussed previously, the elevated benzyl alcohol found in the turning basin in 2017 was likely 
from a natural source and bioassays were not required to be run.  Therefore, the turning basin 
could potentially be down-ranked to low using best professional judgment. 
 
In 2011, Section A had four DMMUs that exceeded the SL for benzyl alcohol.  Dioxin 
concentrations - in the three DMMUs that were tested - ranged from 0.89 to 1.9 ng/kg TEQ.  In 
2017, Section A had one DMMU with an SL exceedance, that being DUW17-SA-DMMU-01 for 
mercury.  Dioxin concentrations ranged from 2.0 to 4.3 ng/kg TEQ.  DUW17-SA-DMMU-01 
passed bioassay testing, but the fact that the mercury concentration exceeded the CSL is 
evidence that down-ranking Section A might not be justified at this time. 
 
In 2011, Section B included one DMMU that failed biological testing and was found unsuitable 
for open-water disposal.  A finding of unsuitability confirms the appropriateness of a high rank 
for this portion of the project.  Dioxin testing was not required in Section B in 2011.  In 2017, 
two DMMUs had marginal exceedances of SL.  Dioxin concentrations ranged from 1.7 to 3.7 
ng/kg TEQ.  All the material in Section B was found suitable for open-water disposal.  While 
Section B is not currently eligible for down-ranking, the results from 2017 indicate that future 
down-ranking may be possible.   
 
Based on the testing results from 2011 and 2017, the DMMP agencies discussed various 
ranking scenarios.  The first was a strict application of the DMMP ranking guidelines, the 
outcome of which would be no change to the current rankings.  The second option was to 
down-rank the turning basin to low, but make no change to the rank for Sections A and B.  The 
problem with this option is that it would further exacerbate the problem with different length 
recency periods for the turning basin and Section A.  A third option was to leave the ranks as 
they are currently, but extend the recency period for Section A to six years.  Under this option, 
the turning basin and Section A could be dredged on the same biennial schedule, while 
retaining more rigorous sampling and testing requirements for Section A for the next sediment 
characterization.  The DMMP agencies agreed to implement the latter option, using best 
professional judgment to retain a moderate rank for Section A, but extending the recency 
period by a year to six years. 

 
11.  Suitability Determination.  This memorandum documents the evaluation of the suitability of 

sediment proposed for dredging from the Duwamish Waterway federal navigation project for 
open-water disposal.  The chemical and biological testing results demonstrated that the 
material tested is suitable for open-water disposal.  Deviations from the approved sampling 
and analysis plan were evaluated and the DMMP agencies determined that the data gathered 
were sufficient and acceptable for regulatory decision-making under the DMMP program.   

 
Based on the results of the previously described testing, the DMMP agencies concluded that 
all 136,000 cubic yards of sediment proposed for dredging from the turning basin, Section A 
and Section B are suitable for open-water disposal at the Elliott Bay nondispersive site.   
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The maximum dredge depth in the turning basin and Section A is -17 ft MLLW, including 
overdepth.  The maximum dredge depth in Section B is -16 ft MLLW, including overdepth.  
 
With regard to dioxin, the volume-weighted average concentration for the entire project was 
2.34 ng/kg TEQ, which was well below the DSMO.  DUW17-SA-DMMU-03 was the only 
DMMU with a concentration greater than the DSMO.  This DMMU is suitable for open-water 
disposal as long as dredging is sequenced such that DUW17-SA-DMMU-03 is not the last 
DMMU placed at the Elliott Bay site. 

 
This suitability determination does not constitute final agency approval of the project.  A final 
decision will be made after full consideration of agency input, and after an alternatives analysis 
is done under section 404(b)(1) of the Clean Water Act.   
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Table 2. Dredged Material Management Units 

Section DMMU Stations Depth 
(feet  MLLW) 

Estimated 
DMMU 
Volume 

(cy) 

Estimated 
Section 
Volume 

(cy) 

Maximal 
DMMU 
Volume 

(cy) 

Maximal 
Section 
Volume 

(cy) 

Turning Basin DUW17-TB-DMMU-01 270+56 to 275+56 -17 38,849 38,849 40,000 40,000 

Section A 
DUW17-SA-DMMU-01 254+00 to 261+00 -17 14,263 

42,672 
20,000 

 60,000 DUW17-SA-DMMU-02 261+00 to 266+00 -17 13,811 20,000 
DUW17-SA-DMMU-03 266+00 to 270+56 -17 14,598 20,000 

Section B 

DUW17-SB-DMMU-01 242+00 to 243+30 -16 2,642 

31,412 

4,000 

36,000 

DUW17-SB-DMMU-02 243+30 to 244+70 -16 3,108 4,000 
DUW17-SB-DMMU-03 244+70 to 246+00 -16 3,308 4,000 
DUW17-SB-DMMU-04 246+00 to 247+30 -16 3,542 4,000 
DUW17-SB-DMMU-05 247+30 to 248+70 -16 3,766 4,000 
DUW17-SB-DMMU-06 248+70 to 250+00 -16 3,847 4,000 
DUW17-SB-DMMU-07 250+00 to 251+30 -16 3,861 4,000 
DUW17-SB-DMMU-08 251+30 to 252+60 -16 3,869 4,000 
DUW17-SB-DMMU-09 252+60 to 254+00 -16 3,469 4,000 

              Total: 136,000 
cy = cubic yards 
DMMU = dredged material management unit 
MLLW = mean lower low water 



Table 3. Station-Specific Information and Compositing Plan (from Anamar/EcoAnalysts, 2018) 

DMMU/ 
Composite Sample ID Date 

Mudline 
Elevation 
(MLLW) 

Penetration 
(ft) 

Recovery 
(%) 

Recovery 
Measurement 

(ft)  

Elevation Interval (MLLW) Interval Below Mudline Latitude Longitude 

Sample Z-sample Sample Z-sample NAD 1983 

DUW17-TB-
DMMU-01** 

DUW17-TB-01 11/10/2017 -13.6 5.4 61 3.3 -13.6 to -16.9 NA 0.0 to -3.3 NA 47.512837 -122.304124 

DUW17-TB-02 11/10/2017 -2.6 11.4 34 3.9 -2.6 to -14.0* NA 0.0 to -11.4* NA 47.512764 -122.303257 

DUW17-TB-03 11/10/2017 -12.7 6.3 60 3.8 -12.7 to -17.0* -17.0 to -19.0* 0.0 to -4.3* -4.3 to -6.3* 47.512351 -122.303277 

DUW17-TB-041 
11/11/2017 -10.5 8.6 44 3.8 -10.5 to -17.0* -17.0 to -19.0* 0.0 to -6.5* -6.5 to -8.5* 47.512965 -122.303651 

11/11/2017 -10.6 5.0 30 1.5 -10.6 to 15.6* NA 0.0 to -5.0* NA 47.512951 -122.303671 

DUW17-TB-05 11/11/2017 -12.5 6.5 38 2.5 -12.5 to 17.0* NA 0.0 to -4.5* NA 47.512683 -122.303887 

DUW17-TB-06 11/11/2017 -15 4.0 55 2.2 -15.0 to 17.0 -17.0 to -17.2 0.0 to -2.0 -2.0 to -2.2 47.512198 -122.302947 

DUW17-SA-
DMMU-01 

DUW17-SA-01 11/7/2017 -13.2 6.0 95 5.7 -13.2 to -17.0 -17.0 to -18.9 0.0 to -3.8 -3.8 to -5.7 47.516937 -122.305990 

DUW17- SA-02 11/7/2017 -13.3 6.0 85 5.1 -13.3 to -17.0 -17.0 to -18.4 0.0 to -3.7 -3.7 to -5.1 47.516520 -122.305842 

DUW17- SA-03 11/7/2017 -12.9 6.1 84 5.1 -12.9 to -17.0 -17.0 to -18.0 0.0 to -4.1 -4.1 to -5.1 47.515972 -122.305510 

DUW17- SA-04 11/7/2017 -12.4 6.6 74 4.9 -12.4 to -17.0 -17.0 to -17.3 0.0 to -4.6 -4.6 to -4.9 47.515677 -122.305126 

DUW17-SA-
DMMU-02 

DUW17- SA-05 11/7/2017 -12.8 6.2 90 5.6 -12.8 to -17.0 -17.0 to -18.4 0.0 to -4.2 -4.2 to -5.6 47.515388 -122.305330 

DUW17- SA-06 11/7/2017 -13.3 5.7 88 5.0 -13.3 to -17.0 -17.0 to -18.3 0.0 to -3.7 -3.7 to -5.0 47.515266 -122.304978 

DUW17- SA-07 11/7/2017 -13.1 5.9 81 4.8 -13.1 to -17.0 -17.0 to -17.9 0.0 to -3.9 -3.9 to -4.8 47.514860 -122.305090 

DUW17- SA-08 11/7/2017 -13.4 5.6 95 5.3 -13.4 to -17.0 -17.0 to -18.7 0.0 to -3.6 -3.6 to -5.3 47.514639 -122.304664 

DUW17-SA-
DMMU-03 

DUW17- SA-09 11/8/2017 -12.8 6.2 76 4.7 -12.8 to -17.0 -17.0 to -17.5 0.0 to -4.2 -4.2 to -4.7 47.514019 -122.304760 

DUW17- SA-10 11/8/2017 -12.8 6.2 95 5.9 -12.8 to -17.0 -17.0 to -18.7 0.0 to -4.2 -4.2 to -5.9 47.514020 -122.304387 

DUW17- SA-11 11/8/2017 -12 7.0 77 5.4 -12.0 to -17.0 -17.0 to -17.4 0.0 to -5.0 -5.0 to -5.4 47.513671 -122.304537 

DUW17- SA-12 11/8/2017 -12.9 6.5 97 6.1 -12.9 to -17.0 -17.0 to -19.0 0.0 to -4.1 -4.1 to -6.1 47.513473 -122.304182 

DUW17-SB-
DMMU-01 

DUW17-SB-01 11/8/2017 -12.7 7.0 89 4.3 -12.7 to -16.0 -16.0 to -17.0 0.0 to -3.3 -3.3 to -4.3 47.520491 -122.306933 

DUW17-SB-02 11/8/2017 -13.2 4.8 100 3.8 -13.2 to - 16.0 -16.0 to -17.0 0.0 to -2.8 -2.8 to -3.8 47.520437 -122.307289 

DUW17-SB-03 11/8/2017 -13.6 3.4 94 3.2 -13.6 to -16.0 -16.0 to -16.8 0.0 to -2.4 -2.4 to -3.2 47.520269 -122.307165 

DUW17-SB-
DMMU-02 

DUW17-SB-04 11/8/2017 -13.2 3.8 89 3.4 -13.2 to -16.0 -16.0 to -16.6 0.0 to -2.8 -2.8 to -3.4 47.520052 -122.306771 

DUW17-SB-05 11/8/2017 -13.6 3.5 100 3.5 -13.6 to -16.1 -16.1 to -17.1 0.0 to -2.5 -2.5 to -3.5 47.520056 -122.307139 

DUW17-SB-
DMMU-03 

DUW17-SB-0622 11/9/2017 -12.9 4.1 95 3.9 -12.9 to -16.0 -16.0 to -16.8 0.0 to -3.1 -3.1 to -3.9 47.519452 -122.306569 

DUW17-SB-07 11/9/2017 -13.2 3.8 92 3.5 -13.2 to -16.0 -16.0 to -16.7 0.0 to -2.8 -2.8 to -3.5 47.519765 -122.307029 



DMMU/ 
Composite Sample ID Date 

Mudline 
Elevation 
(MLLW) 

Penetration 
(ft) 

Recovery 
(%) 

Recovery 
Measurement 

(ft)  

Elevation Interval (MLLW) Interval Below Mudline Latitude Longitude 

Sample Z-sample Sample Z-sample NAD 1983 

DUW17-SB-
DMMU-04 

DUW17-SB-08 11/9/2017 -12.7 4.3 91 3.9 -12.7 to -16.0 -16.0 to -16.6 0.0 to -3.3 -3.3 to -3.9 47.519423 -122.306505 

DUW17-SB-09 11/9/2017 -12.9 4.1 90 3.7 -12.9 to -16.0 -16.0 to -16.6 0.0 to -3.1 -3.1 to -3.7 47.519376 -122.306843 

DUW17-SB-
DMMU-05 

DUW17-SB-10 11/9/2017 -11.6 5.4 94 5.1 -11.6 to -16.0 -16.0 to -16.7 0.0 to -4.4 -4.4 to -5.1 47.519006 -122.306370 

DUW17-SB-11 11/9/2017 -13 4.0 90 3.6 -13.0 to -16.0 -16.0 to -16.6 0.0 to -3.0 -3.0 to -3.6 47.518951 -122.306722 

DUW17-SB-
DMMU-06 

DUW17-SB-12 11/9/2017 -12.7 4.3 100 4.3 -12.7 to -16.0 -16.0 to -17.0 0.0 to -3.3 -3.3 to -4.3 47.518677 -122.306236 

DUW17-SB-13 11/9/2017 -13.2 3.8 89 3.4 -13.2 to -16.0 -16.0 to -16.6 0.0 to -2.8 -2.8 to -3.4 47.518602 -122.306572 

DUW17-SB-
DMMU-07 

DUW17-SB-14 11/9/2017 -12 5.0 90 4.5 -12.0 to -16.0 -16.0 to -16.5 0.0 to -4.0 -4.0 to -4.5 47.518325 -122.306086 

DUW17-SB-15 11/9/2017 -13.1 3.9 95 3.7 -13.1 to -16.0 -16.0 to -16.8 0.0 to -2.9 -2.9 to -3.7 47.518250 -122.306444 

DUW17-SB-
DMMU-08 

DUW17-SB-16 11/9/2017 -12.2 4.8 94 4.5 -12.2 to -16.0 -16.0 to -16.7 0.0 to -3.8 -3.8 to -4.5 47.517987 -122.305963 

DUW17-SB-17 11/10/2017 -12.7 4.3 98 4.2 -12.7 to -16.0 -16.0 to -16.9 0.0 to -3.3 -3.3 to -4.2 47.517926 -122.306322 

DUW17-SB-
DMMU-09 

DUW17-SB-18 11/10/2017 -12.7 4.3 91 3.9 -12.7 to -16.0 -16.0 to -16.6 0.0 to -3.3 -3.3 to -3.9 47.517618 -122.305823 

DUW17-SB-19 11/10/2017 -13.2 3.8 92 3.5 -13.2 to -16.0 -16.0 to -16.7 0.0 to -2.8 -2.8 to -3.5 47.517565 -122.306155 
1 Two cores were combined in order to collect a sufficient amount of sediment. 
2 This sample was inadvertently collected from within DUW17-SB-DMMU-04 but was composited with DUW17-SB-07 to represent DUW-SB-DMMU-03. 
* The sampling and analysis plan stated that core intervals would not be corrected based on recovery.  However, due to poor recovery, best professional judgment was needed in processing this core. This core interval should be considered approximate.
** Samples from the turning basin had low recovery. Best professional judgment was used in collecting and processing these cores.  

Table 3 - continued 



             Table 4.  Analytical Results for Sediment Conventionals and Chemicals of Concern Compared to DMMP Guidelines (from Anamar/EcoAnalysts, 2018)

Gravel (%) 0.4 <0.1 <0.1 0.5 0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 0.1
Sand (%) 75.2 39.8 47.7 52.8 37.6 30.8 33.7 26.7 27.9 30.8 32.3 29.3 28.5
Silt (%) 13.3 42.1 41.9 37.4 52.9 60.3 58.6 63.7 59.5 61.3 55.5 60.0 59.2
Clay (%) 5.5 12.2 10.7 10.9 10.1 12.2 13.3 14.3 13.1 12.5 12.7 11.4 11.9
Fines (% Silt & Clay) 18.7 54.3 52.6 48.4 63.0 72.5 71.9 78.0 72.6 73.8 68.1 71.4 71.1
Ammonia as N (mg/kg) 38.2 84 71.8 74.1 43.4 38.1 62.9 69.7 81.2 71.6 77.2 67 89.5
Sulfide (mg/kg) 550 1140 830 1370 1610 1590 1730 1900 2300 2190 1800 2000 2570
TOC (%) 3.4 3.09 2.92 2.78 2.08 2.23 2.35 2.56 2.4 2.36 2.42 2.55 2.63
Total Solids (%) 60.8 47.8 45.2 49.7 52.2 50.1 48 47.5 48 45.6 47.8 47.1 47.1
Total Volatile Solids (%) 12.7 9.3 9 9 9 7.6 7.2 8 7.6 7.1 7.5 7.9 7.7
Metals
Antimony (mg/kg dw) 150 --- 200 0.093 J 0.157 J 0.142 J 0.123 J 0.146 J 0.156 J 0.166 J 0.177 J 0.157 J 0.182 J 0.141 J 0.189 J 0.2 J
Arsenic (mg/kg dw) 57 507.1 700 7.26 13.4 12.8 9.94 11.5 11.5 12.8 13.6 11.9 13.4 12 13.7 12.7
Cadmium (mg/kg dw) 5.1 11.3 14 0.105 0.282 0.242 0.208 0.265 0.256 0.268 0.282 0.288 0.312 0.25 0.289 0.248
Chromium (mg/kg dw) 260 260 --- 17.2 30.6 29.3 22.8 31.1 30.5 31.4 32.6 28.9 33.6 28.9 32.7 29
Copper (mg/kg dw) 390 1027 1300 19.3 41.8 38.6 32.4 40.6 40.4 42.4 45.6 45 46.4 39.1 44.5 40.9
Lead (mg/kg dw) 450 975 1200 6.98 14.9 13.8 11.3 14.9 14.2 15.6 17.4 16.8 18.4 15.1 16.6 15.1
Mercury (mg/kg dw) 0.41 1.5 2.3 0.016 J 0.721 0.067 0.078 0.084 0.117 0.076 0.071 0.08 0.096 0.078 0.267 0.075
Selenium (mg/kg dw) --- 3 --- 0.2 J 0.5 J 0.5 J 0.3 J 0.5 J 0.5 J 0.5 J 0.6 J 0.5 J 0.5 J 0.5 J 0.5 J 0.5 J
Silver (mg/kg dw) 6.1 6.1 8.4 0.041 0.106 0.098 0.094 0.116 0.112 0.122 0.126 0.138 0.14 0.117 0.126 0.113
Zinc (mg/kg dw) 410 2783 3800 57.8 103 98.3 77.9 99.6 99.7 104 110 102 111 93.9 109 97.9
Pesticides
Heptachlor (µg/kg) 1.5 --- 270 0.61 U 0.78 U 0.72 U 0.75 U 0.74 U 0.64 U 0.73 U 0.73 U 0.79 U 0.71 U 0.81 U 0.7 U 0.73 U
Aldrin (µg/kg) 9.5 --- --- 0.93 U 1.2 U 1.1 U 1.2 U 1.2 U 0.97 U 1.1 U 1.1 U 1.2 U 1.1 U 1.3 U 1.1 U 1.1 U
Dieldrin (µg/kg) 1.9 --- 1700 0.35 U 0.79 U 0.53 U 0.712 J 1.6 U 1.6 U 1.7 U 1.5 U 2.6 U 2.8 U 1.6 U 1.9 U 1.7 U
4,4'-DDE (µg/kg) 16 --- --- 0.63 U 0.8 U 0.74 U 0.77 U 0.76 U 0.66 U 0.75 U 0.74 U 0.81 U 1.1 U 0.83 U 0.72 U 0.75 U
4,4'-DDD (µg/kg) 9 --- --- 0.94 U 1.2 U 1.1 U 3.7 2 J 0.99 U 1.2 U 1.2 U 1.4 J 1.2 NJ 1.3 U 1.1 U 1.2 U
4,4'-DDT (µg/kg) 12 --- --- 2.4 U 1.3 U 1.2 U 10 9.6 J 2.5 2.7 2.1 U 4.1 NJ 2.2 NJ 1.9 J 2.7 1.6 J
Total DDT --- 50 69 2.4 U 2 U 1.9 U 14.41 J 11.6 J 2.5 2.7 2.1 U 5.5 J 3.4 NJ 1.9 J 2.7 1.6 J
Oxychlordane (µg/kg) --- --- --- 0.4 U 0.5 U 0.46 U 0.48 U 0.48 U 0.41 U 0.47 U 0.47 U 0.51 U 0.46 U 0.52 U 0.323 U 0.47 U
gamma-Chlordane (µg/kg) --- --- --- 0.6 U 0.76 U 0.7 U 0.73 U 0.91 U 0.81 NJ 1.1 NJ 0.85 U 1.3 NJ 3.3 NJ 1.2 U 0.333 J 0.91 U
cis-Chlordane (µg/kg) --- --- --- 0.65 U 0.82 U 0.76 U 0.79 U 0.78 U 0.71 U 0.77 U 0.76 U 0.83 U 0.75 U 0.93 U 0.313 J 0.77 U
cis-Nonachlor (µg/kg) --- --- --- 0.88 U 0.99 J 1.1 J 1.1 U 1.2 NJ 1 NJ 1.2 J 1.1 NJ 1.8 J 1.6 J 1.6 J 0.243 J 1.3 J
trans-Nonachlor (µg/kg) --- --- --- 1.2 U 1.5 U 1.3 U 1.4 U 1.4 U 1.2 U 1.4 U 1.4 U 1.5 U 1.3 U 1.5 U 0.243 J 1.4 U
Total Chlordane (µg/kg) 2.8 37 --- 1.6 U 0.99 J 1.1 J 2 U 1.2 NJ 1.81 NJ 2.3 NJ 1.1 NJ 3.1 NJ 4.9 NJ 1.6 J 1.12 J 1.3 J
PCBs
Aroclor 1016 (µg/kg) --- --- --- 4.6 U 5.1 U 5.6 U 5.6 U 5.5 U 4.8 U 5.5 U 5.4 U 5.9 U 5.3 U 6 U 5.3 U 5.4 U
Aroclor 1221 (µg/kg) --- --- --- 4.6 U 5.1 U 5.6 U 5.6 U 5.5 U 4.8 U 5.5 U 5.4 U 5.9 U 5.3 U 6 U 5.3 U 5.4 U
Aroclor 1232 (µg/kg) --- --- --- 4.6 U 5.1 U 5.6 U 5.6 U 5.5 U 4.8 U 5.5 U 5.4 U 5.9 U 5.3 U 6 U 5.3 U 5.4 U
Aroclor 1242 (µg/kg) --- --- --- 6 J 17 J 23 16 J 17 J 18 20 23 38 34 19 J 17 J 17 J
Aroclor 1248 (µg/kg) --- --- --- 4.6 U 5.1 U 5.6 U 5.6 U 5.5 U 4.8 U 5.5 U 5.4 U 5.9 U 5.3 U 6 U 5.3 U 5.4 U
Aroclor 1254 (µg/kg) --- --- --- 7.8 J 18 J 20 J 20 24 29 38 40 47 58 35 32 29
Aroclor 1260 (µg/kg) --- --- --- 6 J 13 J 15 J 14 J 19 25 32 38 30 40 35 30 29
Total PCBs (µg/kg) 130 385 3100 19.8 J 48 J 58 J 50 J 60 J 72 90 101 115 132 89 J 79 J 75 J
LPAHs
2-Methylnaphthalene (µg/kg) 670 --- 1900 3.5 U 15 U 16 U 4.1 J 2.8 U 3.1 J 3 U 3.6 J 4.4 J 3.9 J 4.2 J 4.7 J 5.4 J
Acenaphthene (µg/kg) 500 --- 2000 3.2 U 17 U 18 U 3.3 U 3.2 U 3.2 U 3.4 U 3.4 U 3.4 U 3.6 U 3.4 U 3.4 U 3.4 U
Acenaphthylene (µg/kg) 560 --- 1300 2.6 UJ 14 UJ 15 UJ 2.7 UJ 2.6 UJ 2.6 UJ 2.8 UJ 2.8 UJ 2.8 UJ 2.9 UJ 2.8 UJ 2.8 UJ 2.8 UJ
Anthracene (µg/kg) 960 --- 13000 3.2 UJ 17 UJ 18 UJ 6 J 4.8 J 3.6 J 3.5 J 5.2 J 8 J 6 J 6.5 J 10 J 7.8 J
Fluorene (µg/kg) 540 --- 3600 3.3 U 18 U 18 U 3.4 J 3.3 U 3.3 U 3.5 U 3.5 U 4.2 J 3.7 U 3.7 J 5 J 4.6 J
Naphthalene (µg/kg) 2100 --- 2400 2.9 U 16 U 16 U 3 U 2.9 U 2.9 U 3.1 U 3.1 U 3.3 J 3.2 U 3.1 U 3.1 U 3.2 J
Phenanthrene (µg/kg) 1500 --- 21000 16 26 J 22 J 25 23 22 18 26 36 30 28 37 31
Total LPAHs1 --- --- --- 16 26 J 22 J 38.5 J 27.8 J 28.7 J 21.5 J 34.8 J 55.9 J 39.9 J 42.4 J 56.7 J 52 J
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             Table 4.  Analytical Results for Sediment Conventionals and Chemicals of Concern Compared to DMMP Guidelines (from Anamar/EcoAnalysts, 2018)
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Benzo(a)anthracene (µg/kg) 1300 --- 5100 12 J 21 J 25 J 23 J 28 J 23 J 19 J 27 J 45 J 34 J 32 J 37 J 33 J
Benzo(a)pyrene (µg/kg) 1600 --- 3600 18 UJ 31 UJ 29 UJ 31 UJ 34 UJ 30 UJ 23 UJ 32 UJ 51 UJ 42 UJ 38 UJ 40 UJ 39 UJ
Benzo(g,h,i)perylene (µg/kg) 670 --- 3200 8.9 26 J 24 J 15 28 25 20 26 41 35 30 31 32
Benzo(b)fluoranthene (µg/kg) --- --- --- 21 44 J 37 J 39 48 42 33 47 81 62 58 61 61
Benzo(k)fluoranthene (µg/kg) --- --- --- 7.9 J 21 U 22 U 14 17 14 11 J 17 26 21 17 19 18
Total Benzofluoranthene (µg/kg) 3200 --- 9900 28.9 J 44 J 37 J 53 65 56 44 J 64 107 83 75 80 79
Chrysene (µg/kg) 1400 --- 21,000 16 33 J 28 J 30 35 31 24 38 55 46 43 61 52
Dibenz(a,h)anthracene (µg/kg) 230 --- 1900 3 UJ 16 UJ 17 UJ 3.3 J 5.5 J 5.4 J 4.2 J 5.5 J 8.9 J 6.9 J 6 J 7 J 7.4 J
Fluoranthene (µg/kg) 1700 4600 30,000 29 57 51 J 60 63 60 48 69 110 84 79 88 85
Indeno(1,2,3-cd)pyrene (µg/kg) 600 --- 4400 9.7 26 J 24 J 17 29 26 20 26 45 37 31 32 33
Pyrene (µg/kg) 2600 11,980 16,000 29 57 50 J 57 64 56 44 65 110 82 73 84 77
Total HPAHs (µg/kg) --- --- --- 133.5 J 264 J 239 J 258.3 J 317.5 J 282.4 J 223.2 J 320.5 J 521.9 J 407.9 J 369 J 420 J 398.4 J

1,4-Dichlorobenzene (µg/kg) 110 --- 120 2.5 U 14 U 14 U 2.6 U 2.5 U 2.6 UJ 2.6 U 2.7 U 2.7 U 2.8 U 2.7 U 2.7 U 2.7 U
1,2-Dichlorobenzene (µg/kg) 35 --- 110 2.4 UJ 13 UJ 14 UJ 2.5 UJ 2.4 UJ 2.4 UJ 2.5 UJ 2.6 UJ 2.5 UJ 2.7 UJ 2.5 UJ 2.6 UJ 2.6 UJ
1,2,4-Trichlorobenzene (µg/kg) 31 --- 64 2.6 UJ 14 UJ 15 UJ 2.7 UJ 2.6 UJ 2.6 UJ 2.8 UJ 2.8 UJ 2.8 UJ 2.9 UJ 2.8 UJ 2.8 UJ 2.8 UJ
Hexachlorobenzene (µg/kg) 22 168 230 3.3 U 18 U 18 U 3.4 U 3.3 U 3.3 U 3.5 U 3.5 U 3.5 U 3.7 U 3.5 U 3.5 U 3.5 U

Dimethyl Phthalate (µg/kg) 71 --- 1400 4 U 21 U 22 U 4.1 U 4 U 4 U 4.2 U 4.3 U 4.2 U 4.4 U 4.2 U 4.3 U 4.3 U
Diethyl Phthalate (µg/kg) 200 --- 1200 3.7 U 20 U 21 U 3.8 U 3.7 U 3.7 U 3.9 U 3.9 U 3.9 U 4.1 U 3.9 U 4 U 4 U
Di-n-butyl Phthalate (µg/kg) 1400 --- 5100 7 J 26 U 27 U 12 J 7.5 J 9.3 J 5.7 J 7.8 J 10 J 11 J 9.5 J 10 J 8.1 J
Butyl Benzyl Phthalate (µg/kg) 63 --- 970 8.8 20 U 21 U 21 J 11 8.9 J 8.4 J 12 17 15 15 18 17
Bis(2-ethylhexyl) Phthalate (µg/kg) 1300 --- 8300 81 J 150 J 120 J 100 J 110 80 J 77 J 110 110 110 110 J 130 130
Di-n-octyl Phthalate (µg/kg) 6200 --- 6200 3.2 U 17 U 18 U 3.3 U 3.2 U 3.2 U 3.4 U 3.4 U 3.4 U 3.6 U 3.4 U 3.4 U 3.4 U

Phenol (µg/kg) 420 --- 1200 7.4 J 17 U 17 U 8.7 J 5.3 J 5.2 J 5.7 J 7.6 J 6.6 J 6.5 J 6.9 J 6.5 J 7.6 J
2-Methylphenol (µg/kg) 63 --- 77 4.1 U 22 U 23 U 4.2 U 4.1 U 4.1 U 4.3 U 4.4 U 4.3 U 4.5 U 4.3 U 4.4 U 4.4 U
4-Methylphenol (µg/kg) 670 --- 3600 20 30 J 25 U 20 4.5 U 4.5 U 4.7 U 4.8 U 4.7 U 5 U 4.7 U 4.8 U 4.8 U
2,4-Dimethylphenol (µg/kg) 29 --- 210 6.3 UJ 174 UJ 184 UJ 6.4 UJ 6.3 UJ 6.3 UJ 6.6 UJ 6.7 UJ 6.6 UJ 6.9 UJ 6.6 UJ 6.7 UJ 6.7 UJ
Pentachlorophenol (µg/kg) 400 540 690 24 J 28 U 29 U 5.4 U 5.3 U 5.3 U 5.6 U 5.6 U 5.6 U 5.8 U 5.6 U 5.7 U 5.7 U

Benzyl Alcohol (µg/kg) 57 --- 870 67 26 U 27 U 16 J 6.4 J 8.5 J 9.4 J 11 J 9 J 10 J 13 J 12 J 15 J
Benzoic Acid (µg/kg) 650 --- 760 150 J 510 U 530 U 97 U 96 U 96 U 100 U 110 U 100 U 110 U 100 U 110 U 110 U
Dibenzofuran (µg/kg) 540 --- 1700 3.4 U 18 U 19 U 3.5 U 3.4 U 3.4 U 3.6 U 3.6 U 3.6 U 3.8 U 3.6 U 3.7 J 4 J
Hexachlorobutadiene (µg/kg) 11 --- 270 3 UJ 7.94 UJ 8.24 UJ 3.1 UJ 3 UJ 3 UJ 3.2 UJ 3.2 UJ 3.2 UJ 3.3 UJ 3.2 UJ 3.2 UJ 3.2 UJ
N-Nitrosodiphenylamine (µg/kg) 28 --- 130 3.2 U 17 U 18 U 3.3 U 3.2 U 3.2 U 3.4 U 3.4 U 3.4 U 3.6 U 3.4 U 3.4 U 3.4 U
Exceeds SL
1 Total LPAH value does not include 2-methylnaphthalene
2 Dieldrin was re-analyzed using GC-MS/MS due to matrix interferences. Rerun value reported. 
3 Chlordanes were re-analyzed using GC-MS/MS due to matrix interferences. Rerun values reported. 
4 2,4-Dimethylphenol and hexachlorobutadiene were re-analyzed due to detection limits greater than screening levels. Re-run values reported.
5 The bioaccumulation trigger for total PCBs is a carbon normalized value

DQ = data qualifier
J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
NJ = The analysis indicates the presence of an analyte that has been “tentatively identified” and the associated numerical value represents the approximate concentration.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
UJ = The analyte was not detected above the reported sample quantitation limit. However, the reported quantitation limit is approximate and may or may not represent the
        actual limit of quantitation necessary to accurately and precisely measure the analyte in the sample.
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HPAHs
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Phthalates
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Table 5.  DMMP Screening Level Exceedances
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  Resolution
DUW17-TB-DMMU-01 D no bioassays required; best professional judgment
DUW17-SA-DMMU-01 D DL DL bioassays performed due to exceedance of mercury SL
DUW17-SA-DMMU-02 DL DL sample reanalyzed at lower dilution; detection limits below SLs in reanalysis
DUW17-SA-DMMU-03 DL DL sample reanalyzed using GC-MS/MS; detection limits below SLs in reanalysis
DUW17-SB-DMMU-01
DUW17-SB-DMMU-02
DUW17-SB-DMMU-03
DUW17-SB-DMMU-04
DUW17-SB-DMMU-05 D DL bioassays performed due to exceedance of SL for total chlordane
DUW17-SB-DMMU-06 D D DL bioassays performed due to exceedance of SLs for total chlordane and total PCBs
DUW17-SB-DMMU-07
DUW17-SB-DMMU-08 DL DL sample reanalyzed using GC-MS/MS; detection limits below SLs in reanalysis
DUW17-SB-DMMU-09

D = detected above SL
DL = detection limit exceeded SL in initial analysis

SL = screening level
GC = gas chromatography
MS/MS = tandem mass spectroscopy



           Table 6.  Dioxin/Furan Results (from Anamar/EcoAnalysts, 2018)

2,3,7,8-TCDD (ng/Kg) 0.507 U 0.717 U 0.506 J 0.615 U 0.668 U 0.762 U 0.757 U 0.89 U 0.224 U 1.12 U 0.295 U 0.552 U 0.862 U
1,2,3,7,8-PeCDD (ng/Kg) 0.408 J 0.25 U 0.665 U 0.611 U 0.458 J 0.446 U 0.375 U 0.574 J 0.502 U 0.608 J 0.366 J 0.721 U 0.536 U
1,2,3,4,7,8-HxCDD (ng/Kg) 0.282 U 0.641 J 0.839 U 1.92 U 0.452 U 0.703 U 0.869 J 0.547 U 0.566 J 0.674 U 0.692 U 0.907 U 0.543 U
1,2,3,6,7,8-HxCDD (ng/Kg) 1.03 J 2.14 J 3.35 J 4.75 2.05 J 2.43 J 2.82 J 2.33 U 1.83 J 2.77 U 2.4 J 2.72 J 2.58 J
1,2,3,7,8,9-HxCDD (ng/Kg) 0.587 U 1.42 U 2.01 J 4.43 J 1.44 J 1.41 J 1.47 U 1.75 J 1.43 J 1.78 J 1.53 J 1.79 U 1.97 J
1,2,3,4,6,7,8-HpCDD (ng/Kg) 24 45 73.2 125 44.6 48.3 58.5 50 44.5 74.4 52.1 58.6 57
OCDD  (ng/Kg) 223 399 606 J 970 430 418 521 525 392 1710 432 521 506
2.3.7.8-TCDF (ng/Kg) 0.231 U 0.498 U 0.485 U 0.411 U 0.458 U 0.373 U 0.385 U 0.415 U 0.157 U 0.612 U 0.233 U 0.474 U 0.515 U
1,2,3,7,8-PeCDF (ng/Kg) 0.28 U 0.351 U 0.372 U 0.269 U 0.434 U 0.388 U 0.325 U 0.364 U 0.204 U 0.51 U 0.295 J 0.415 U 0.327 U
2,3,4,7,8-PeCDF (ng/Kg) 0.423 U 0.701 U 1.17 U 0.767 J 0.435 U 0.378 U 0.89 U 0.366 U 0.714 U 0.52 U 0.96 J 0.91 U 0.75 U
1,2,3,4,7,8-HxCDF (ng/Kg) 0.76 J 1.56 J 1.58 J 1.65 J 1.26 J 1.39 J 1.29 J 1.16 J 0.873 J 3.04 J 1.19 J 1.8 J 1.64 J
1,2,3,6,7,8-HxCDF (ng/Kg) 0.417 J 0.613 U 0.831 J 0.911 U 0.601 U 0.646 J 0.638 U 0.643 U 0.424 J 1.27 J 0.629 U 0.785 U 0.422 U
1,2,3,7,8,9-HxCDF (ng/Kg) 0.133 U 0.459 U 0.552 J 0.546 J 0.246 U 0.325 U 0.391 J 0.319 U 0.147 U 0.384 U 0.32 J 0.27 J 0.444 J
2,3,4,6,7,8-HxCDF (ng/Kg) 0.37 J 1.15 J 1.33 J 1.83 J 0.629 U 0.609 U 1.14 J 0.821 J 0.522 U 1.61 J 0.708 U 1.03 U 0.896 U
1,2,3,4,6,7,8-HpCDF (ng/Kg) 5.78 9.59 12.6 33.6 9.33 11.2 12.2 11 8.78 18.7 10.6 12.5 11.7
1,2,3,4,7,8,9-HpCDF (ng/Kg) 0.199 U 0.867 U 1.07 J 3.64 J 0.657 U 0.629 U 1.03 U 0.852 U 0.759 J 1.6 J 0.628 U 1.19 J 1.1 U
OCDF (ng/Kg) 18.4 30.5 42.6 153 34.9 36 41.1 37.4 30.9 61.8 39.2 39.7 41.7

DQ = data qualifier
J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
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           Table 7.  Dioxin/Furan TEQ Calculations (from Anamar/EcoAnalysts, 2018)

2,3,7,8-TCDD (ng/Kg) 1.000 0.507 0.000 0.254 0.717 0.000 0.359 0.506 0.506 0.506 0.615 0.000 0.308 0.668 0.000 0.334 0.762 0.000 0.381 0.757 0.000 0.379
1,2,3,7,8-PeCDD (ng/Kg) 1.000 0.408 0.408 0.408 0.25 0.000 0.125 0.665 0.000 0.333 0.611 0.000 0.306 0.458 0.458 0.458 0.446 0.000 0.223 0.375 0.000 0.188
1,2,3,4,7,8-HxCDD (ng/Kg) 0.100 0.282 0.000 0.014 0.641 0.064 0.064 0.839 0.000 0.042 1.92 0.000 0.096 0.452 0.000 0.023 0.703 0.000 0.035 0.869 0.087 0.087
1,2,3,6,7,8-HxCDD (ng/Kg) 0.100 1.03 0.103 0.103 2.14 0.214 0.214 3.35 0.335 0.335 4.75 0.475 0.475 2.05 0.205 0.205 2.43 0.243 0.243 2.82 0.282 0.282
1,2,3,7,8,9-HxCDD (ng/Kg) 0.100 0.587 0.000 0.029 1.42 0.000 0.071 2.01 0.201 0.201 4.43 0.443 0.443 1.44 0.144 0.144 1.41 0.141 0.141 1.47 0.000 0.074
1,2,3,4,6,7,8-HpCDD (ng/Kg) 0.01 24 0.240 0.240 45 0.450 0.450 73.2 0.732 0.732 125 1.250 1.250 44.6 0.446 0.446 48.3 0.483 0.483 58.5 0.585 0.585
OCDD (ng/Kg) 0.0003 223 0.067 0.067 399 0.120 0.120 606 0.182 0.182 970 0.291 0.291 430 0.129 0.129 418 0.125 0.125 521 0.156 0.156
2.3.7.8-TCDF (ng/Kg) 0.1 0.231 0.000 0.012 0.498 0.000 0.025 0.485 0.000 0.024 0.411 0.000 0.021 0.458 0.000 0.023 0.373 0.000 0.019 0.385 0.000 0.019
1,2,3,7,8-PeCDF (ng/Kg) 0.030 0.28 0.000 0.004 0.351 0.000 0.005 0.372 0.000 0.006 0.269 0.000 0.004 0.434 0.000 0.007 0.388 0.000 0.006 0.325 0.000 0.005
2,3,4,7,8-PeCDF (ng/Kg) 0.300 0.423 0.000 0.063 0.701 0.000 0.105 1.17 0.000 0.176 0.767 0.230 0.230 0.435 0.000 0.065 0.378 0.000 0.057 0.89 0.000 0.134
1,2,3,4,7,8-HxCDF (ng/Kg) 0.100 0.76 0.076 0.076 1.56 0.156 0.156 1.58 0.158 0.158 1.65 0.165 0.165 1.26 0.126 0.126 1.39 0.139 0.139 1.29 0.129 0.129
1,2,3,6,7,8-HxCDF (ng/Kg) 0.100 0.417 0.042 0.042 0.613 0.000 0.031 0.831 0.083 0.083 0.911 0.000 0.046 0.601 0.000 0.030 0.646 0.065 0.065 0.638 0.000 0.032
1,2,3,7,8,9-HxCDF (ng/Kg) 0.100 0.133 0.000 0.007 0.459 0.000 0.023 0.552 0.055 0.055 0.546 0.055 0.055 0.246 0.000 0.012 0.325 0.000 0.016 0.391 0.039 0.039
2,3,4,6,7,8-HxCDF (ng/Kg) 0.100 0.37 0.037 0.037 1.15 0.115 0.115 1.33 0.133 0.133 1.83 0.183 0.183 0.629 0.000 0.031 0.609 0.000 0.030 1.14 0.114 0.114
1,2,3,4,6,7,8-HpCDF (ng/Kg) 0.01 5.78 0.058 0.058 9.59 0.096 0.096 12.6 0.126 0.126 33.6 0.336 0.336 9.33 0.093 0.093 11.2 0.112 0.112 12.2 0.122 0.122
1,2,3,4,7,8,9-HpCDF (ng/Kg) 0.010 0.199 0.000 0.001 0.867 0.000 0.004 1.07 0.011 0.011 3.64 0.036 0.036 0.657 0.000 0.003 0.629 0.000 0.003 1.03 0.000 0.005
OCDF (ng/Kg) 0.0 18.4 0.006 0.006 30.5 0.009 0.009 42.6 0.013 0.013 153 0.046 0.046 34.9 0.010 0.010 36 0.011 0.011 41.1 0.012 0.012
Dioxin/Furan TEQ (ng/Kg) 1.036 1.420 1.224 1.972 2.535 3.114 3.510 4.289 1.612 2.140 1.319 2.089 1.527 2.361

2,3,7,8-TCDD (ng/Kg) 1.000 0.89 0.000 0.445 0.224 0.000 0.112 1.12 0.000 0.560 0.295 0.000 0.148 0.552 0.000 0.276 0.862 0.000 0.431
1,2,3,7,8-PeCDD (ng/Kg) 1.000 0.574 0.574 0.574 0.502 0.000 0.251 0.608 0.608 0.608 0.366 0.366 0.366 0.721 0.000 0.361 0.536 0.000 0.268
1,2,3,4,7,8-HxCDD (ng/Kg) 0.100 0.547 0.000 0.027 0.566 0.057 0.057 0.674 0.000 0.034 0.692 0.000 0.035 0.907 0.000 0.045 0.543 0.000 0.027
1,2,3,6,7,8-HxCDD (ng/Kg) 0.100 2.33 0.000 0.117 1.83 0.183 0.183 2.77 0.000 0.139 2.4 0.240 0.240 2.72 0.272 0.272 2.58 0.258 0.258
1,2,3,7,8,9-HxCDD (ng/Kg) 0.100 1.75 0.175 0.175 1.43 0.143 0.143 1.78 0.178 0.178 1.53 0.153 0.153 1.79 0.000 0.090 1.97 0.197 0.197
1,2,3,4,6,7,8-HpCDD (ng/Kg) 0.01 50 0.500 0.500 44.5 0.445 0.445 74.4 0.744 0.744 52.1 0.521 0.521 58.6 0.586 0.586 57 0.570 0.570
OCDD (ng/Kg) 0.0003 525 0.158 0.158 392 0.118 0.118 1710 0.513 0.513 432 0.130 0.130 521 0.156 0.156 506 0.152 0.152
2.3.7.8-TCDF (ng/Kg) 0.1 0.415 0.000 0.021 0.157 0.000 0.008 0.612 0.000 0.031 0.233 0.000 0.012 0.474 0.000 0.024 0.515 0.000 0.026
1,2,3,7,8-PeCDF (ng/Kg) 0.030 0.364 0.000 0.005 0.204 0.000 0.003 0.51 0.000 0.008 0.295 0.009 0.009 0.415 0.000 0.006 0.327 0.000 0.005
2,3,4,7,8-PeCDF (ng/Kg) 0.300 0.366 0.000 0.055 0.714 0.000 0.107 0.52 0.000 0.078 0.96 0.288 0.288 0.91 0.000 0.137 0.75 0.000 0.113
1,2,3,4,7,8-HxCDF (ng/Kg) 0.100 1.16 0.116 0.116 0.873 0.087 0.087 3.04 0.304 0.304 1.19 0.119 0.119 1.8 0.180 0.180 1.64 0.164 0.164
1,2,3,6,7,8-HxCDF (ng/Kg) 0.100 0.643 0.000 0.032 0.424 0.042 0.042 1.27 0.127 0.127 0.629 0.000 0.031 0.785 0.000 0.039 0.422 0.000 0.021
1,2,3,7,8,9-HxCDF (ng/Kg) 0.100 0.319 0.000 0.016 0.147 0.000 0.007 0.384 0.000 0.019 0.32 0.032 0.032 0.27 0.027 0.027 0.444 0.044 0.044
2,3,4,6,7,8-HxCDF (ng/Kg) 0.100 0.821 0.082 0.082 0.522 0.000 0.026 1.61 0.161 0.161 0.708 0.000 0.035 1.03 0.000 0.052 0.896 0.000 0.045
1,2,3,4,6,7,8-HpCDF (ng/Kg) 0.01 11 0.110 0.110 8.78 0.088 0.088 18.7 0.187 0.187 10.6 0.106 0.106 12.5 0.125 0.125 11.7 0.117 0.117
1,2,3,4,7,8,9-HpCDF (ng/Kg) 0.010 0.852 0.000 0.004 0.759 0.008 0.008 1.6 0.016 0.016 0.628 0.000 0.003 1.19 0.012 0.012 1.1 0.000 0.006
OCDF (ng/Kg) 0.0 37.4 0.011 0.011 30.9 0.009 0.009 61.8 0.019 0.019 39.2 0.012 0.012 39.7 0.012 0.012 41.7 0.013 0.013
Dioxin/Furan TEQ (ng/Kg) 1.726 2.448 1.180 1.694 2.857 3.724 1.975 2.239 1.370 2.399 1.515 2.455
Undetected (U)
> DMMP disposal site management objective
< DMMP disposal site management objective

U = 0U = 1/2 Result U = 0 U = 1/2 ResultResult U = 0 U = 1/2 Result U = 0

DUW17-SB-DMMU-08 DUW17-SB-DMMU-09

Analyte TEF Result U = 0 U = 1/2 Result U = 0 U = 1/2

Sample ID DUW17-SB-DMMU-04 DUW17-SB-DMMU-05 DUW17-SB-DMMU-06 DUW17-SB-DMMU-07

U = 1/2

Reach Section B

Result U = 0 U = 1/2 Result U = 0 U = 1/2Result U = 0 U = 1/2 Result U = 0 U = 1/2

DUW17-SB-DMMU-02
 DUW17-SB-DMMU-03


Analyte TEF Result U = 0 U = 1/2 Result U = 0 U = 1/2 Result U = 0 U = 1/2

Reach Turning Basin Section A Section B
Sample ID DUW17-TB-DMMU-01    
 DUW17-SA-DMMU-01    
 DUW17-SA-DMMU-02    
 DUW17-SA-DMMU-03    
 DUW17-SB-DMMU-01    


Table 7 - continued



         Table 8.  PBDE Results in ng/kg (from Anamar/EcoAnalysts, 2018)
Analyte DUW17-SA-SC DUW17-SB-SC DUW17-TB-SC

BDE 101 <1.1 <0.93 <1.7
BDE 7 <2.4 9.31 <0.22
BDE 8/11 5.73 17.1 0.686
BDE 12/13 2.87 5.5 <0.44
BDE 15 7.73 10.7 1.56
BDE 30 <0.59 <0.21 <0.18
BDE 32 <0.45 1.6 <0.13
BDE 17/25 65.3 142 10.5
BDE 28/33 23.9 24.1 4.69
BDE 35 <0.37 0.281 <0.11
BDE 37 1.9 1.36 0.557
BDE 75 1.58 1.14 0.449
BDE 51 14.6 31.2 2.81
BDE 49 189 341 37
BDE 71 12.3 13.1 2.73
BDE 47 606 486 142
BDE 79 <0.40 <0.11 <0.12
BDE 66 29.2 22.4 7.39
BDE 77 0.682 0.499 0.251
BDE 100 182 127 125
BDE 119/120 3.28 3.26 2.56
BDE 99 756 431 496
BDE 116 <1.5 <0.49 <0.44
BDE 118 4.69 2.34 3.14
BDE 85 41.5 19.3 28.6
BDE 126 <0.59 <0.32 <0.18
BDE 105 <1.1 3.26 <0.32
BDE 155 6.36 5.93 7.46
BDE 154 71.8 55.1 126
BDE 153 78.4 52.3 155
BDE 140 4.93 14.8 8.02
BDE 138/166 9.93 12.3 23.7
BDE 156 <2.8 <1.6 <0.89
BDE 128 <2.5 5.95 <0.79
BDE 184 6.25 16.3 2.72
BDE 183 43.6 115 15.3
BDE 191 <3.5 27.6 <0.81
BDE 181 <3.2 43 <0.75
BDE 190 <4.4 89.6 <1.0
BDE 197 36.8 39.3 <17
BDE 203 <16 19.7 <11
BDE 196 <17 18.4 <1.6
BDE 208 35.7 30.2 9.48
BDE 207 280 423 87.2
BDE 206 458 1170 186
BDE 209 17,300 52,200 6,610
1 Results were rejected by the data validators because of low recoveries of the LCS and MS/MSD



Table 9.  DMMP Marine Bioassay Performance Standards and Evaluation Guidelines. 

Bioassay 

Negative 
Control 

Performance 
Standard 

Reference 
Sediment 

Performance 
Standard 

Dispersive Disposal Site 
Interpretation Guidelines 

Nondispersive Disposal Site 
Interpretation Guidelines 

1-hit rule 2-hit rule 1-hit rule 2-hit rule 

Amphipod 
Mortality MC ≤ 10% |MR - MC| ≤ 20% 

|MT - MC| > 20% 
and 

MT vs. MR SD (p=.05) 
AND 

MT - MR > 10% NOCN MT - MR > 30% NOCN 

Larval 
Development NC÷I ≥0.70 NR÷NC ≥ 0.65 

NT ÷ NC < 0.80 
and 

NT/NC vs. NR/NC SD (p=.10) 
AND 

NR/NC - NT/NC > 0.15 NOCN NR/NC - NT/NC > 0.30 NOCN 

Neanthes 
Growth 

MC ≤ 10% 
and 

MIGC > 0.38 

MR ≤ 20% 
and 

MIGR÷MIGC ≥ 0.80 

MIGT ÷ MIGC  < 0.80 
and 

MIGT vs. MIGR  SD (p=.05) 
AND 

MIGT/MIGR < 0.70 NOCN MIGT/MIGR < 0.50 MIGT/MIGR < 0.70 

M = mortality 
N = normal larvae 
I = initial count 
MIG = mean individual growth rate (mg/individual/day) 
SD = statistically significant difference 
NOCN = no other conditions necessary 

Subscripts:   
R = reference sediment 
C = negative control 
T = test sediment  



Table 10. Negative Control and Reference Sediment Performance 

M = mortality
N = normal development; NC = 300.0; NR = 221.2 (CARR-01) NR = 225.8 (CR-23)
I = initial count (stocking density) = 326
MIG = mean individual growth rate (mg/individual/day)
Subscripts: R = reference; C = negative control

Table 11. Grain Size Results for Determining Reference Sediment Comparisons

CARR-01 CR23
DMMU Fines (%) 69.8 50.1

DUW17-SA-DMMU-01 54.3 X
DUW17-SB-DMMU-05 72.6 X
DUW17-SB-DMMU-06 73.8 X

0.500

Negative Control 
Results

Reference Sediment 
Performance 

Standard

Reference
Sediment

Results

Amphipod Mortality
(E. estuarius )

MC ≤ 10% 0% MR - MC ≤ 20%

Negative Control
Performance 

Standard

Test
(Species)

CARR-01 = 2%
CR-23 = 1%

Dredged Material
Reference Sediment

CARR-01 = 0.737
CR-23 = 0.753

Juvenile Polychaete 
Growth

(N. arenaceodentata )
0%MC ≤ 10%

MIGC ≥ 0.38

MR ≤ 20% CARR-01 = 12%
CR-23 = 4%

MIGR ÷ MIGC ≥ 0.80 CARR-01 = 0.982
CR-23 = 1.214

Larval Development
(M. galloprovincialis )

NC ÷ I ≥ 0.70 0.92 NR ÷ NC ≥ 0.65

Juvenile Polychaete 
Growth

(N. arenaceodentata )



Table 12. Test Results for Eohaustorius estuarius (from Anamar/EcoAnalysts, 2018)

Treatment Replicate Number
Initiated 

Number 
Surviving 

Number 
Missing or 

Dead 

Mean Percentage Standard 
Deviation Survival Mortality 

Control 

1 20 20 0 

100 0 0.0 
2 20 20 0 
3 20 20 0 
4 20 20 0 
5 20 20 0 

CARR-01 

1 20 18 2 

98 2 4.5 
2 20 20 0 
3 20 20 0 
4 20 20 0 
5 20 20 0 

CR-23 

1 20 20 0 

99 1 2.2 
2 20 20 0 
3 20 20 0 
4 20 20 0 
5 20 19 1 

DUW17-SA-
DMMU-01 

1 20 19 1 

93 7 4.5 
2 20 19 1 
3 20 19 1 
4 20 17 3 
5 20 19 1 

DUW17-SB-
DMMU-05 

1 20 20 0 

96 4 4.2 
2 20 19 1 
3 20 19 1 
4 20 20 0 
5 20 18 2 

DUW17-SB-
DMMU-06 

1 20 19 1 

93 7 7.6 
2 20 17 3 
3 20 20 0 
4 20 20 0 
5 20 17 3 



Table 13. Test Results for Mytilus galloprovincialis (from Anamar/EcoAnalysts, 2018) 

Treatment Replicate Number 
Normal 

Number 
Abnormal 

Mean # 
Normal 

Normal 
Survivorship 

(%)1, 2

Mean Normal 
Survivorship 

(%) 

Standard 
Deviation 

Control 

1 310 15 

300.0 

95.1 

92.0 2.6 
2 288 11 88.3 
3 305 16 93.6 
4 300 9 92.0 
5 297 9 91.1 

CARR-01 

1 198 13 

221.2 

66.0 

73.7 5.9 
2 238 6 79.3 
3 217 10 72.3 
4 240 14 80.0 
5 213 14 71.0 

CR-23 

1 257 4 

225.8 

85.7 

75.3 5.9 
2 216 7 72.0 
3 222 4 74.0 
4 214 11 71.3 
5 220 2 73.3 

DUW17-
SA-DMMU-

01 

1 159 73 

219.0 

53.0 

73.0 12.6 
2 208 27 69.3 
3 252 10 84.0 
4 229 35 76.3 
5 247 10 82.3 

DUW17-
SB-DMMU-

05 

1 213 41 

179.2 

71.0 

59.7 19.7 
2 131 106 43.7 
3 249 33 83.0 
4 106 102 35.3 
5 197 35 65.7 

DUW17-
SB-DMMU-

06 

1 233 29 

177.2 

77.7 

59.1 21.3 
2 242 35 80.7 
3 187 75 62.3 
4 126 120 42.0 
5 98 126 32.7 

1 Control normality normalized to stocking density (326). 
2 Reference and treatment normal survivorship are normalized to the mean Control normality (300.0) 



Table 14. Test Results for Neanthes arenaceodentata (from Anamar/EcoAnalysts, 2018) 

Treatment Rep Number 
Initiated Survivors Mean 

Mortality (%) 

Individual Growth (mg/ind/day) 

AFDW1 Mean Standard 
Deviation 

Control 

1 5 5 

0 

0.578 

0.500 0.081 
2 5 5 0.492 
3 5 5 0.587 
4 5 5 0.437 
5 5 5 0.406 

CARR-01 

1 5 3 

12 

0.571 

0.491 0.135 
2 5 5 0.595 
3 5 5 0.519 
4 5 5 0.258 
5 5 4 0.512 

CR-23 

1 5 5 

4 

0.693 

0.607 0.089 
2 5 4 0.657 
3 5 5 0.505 
4 5 5 0.517 
5 5 5 0.661 

DUW17-SA-
DMMU-01 

1 5 5 

4 

0.487 

0.452 0.033 
2 5 4 0.431 
3 5 5 0.458 
4 5 5 0.408 
5 5 5 0.477 

DUW17-SB-
DMMU-05 

1 5 5 

0 

0.517 

0.502 0.096 
2 5 5 0.519 
3 5 5 0.550 
4 5 5 0.586 
5 5 5 0.338 

DUW17-SB-
DMMU-06 

1 5 5 

0 

0.509 

0.482 0.056 
2 5 5 0.387 
3 5 5 0.517 
4 5 5 0.474 
5 5 5 0.522 

1 AFDW – Ash-free dry weight 



Table 15. Summary of Bioassay Results

1-Hit Rule 2-Hit Rule 1-Hit Rule 2-Hit Rule 1-Hit Rule 2-Hit Rule
DUW17-SA-DMMU-01 No Hit No Hit No Hit No Hit No Hit No Hit PASS
DUW17-SB-DMMU-05 No Hit No Hit No Hit Hit No Hit No Hit PASS
DUW17-SB-DMMU-06 No Hit No Hit No Hit Hit No Hit No Hit PASS

Note:  A hit under the 2-hit rule for a single bioassay is insufficient cause under the DMMP guidelines to find a DMMU unsuitable for open-water
            disposal.  Hits under the 2-hit rule for 2 bioassays (or a single hit under the 1-hit rule) are required to find a DMMU unsuitable.

DMMU

Amphipod Mortality Larval Development Juvenile Polychaete Growth Overall
Interpretation



Table 16.  Analytical Results for Chemicals of Concern Compared to SMS (from Anamar/EcoAnalysts, 2018)

TOC (decimal %) 0.034 0.0309 0.0292 0.0278 0.0208 0.0223 0.0235 0.0256 0.024 0.0236 0.0242 0.0255 0.0263
Metals
Arsenic (mg/kg dw) 57 93 7.26 13.4 12.8 9.94 11.5 11.5 12.8 13.6 11.9 13.4 12 13.7 12.7
Cadmium (mg/kg dw) 5.1 6.7 0.105 0.282 0.242 0.208 0.265 0.256 0.268 0.282 0.288 0.312 0.25 0.289 0.248
Chromium (mg/kg dw) 260 270 17.2 30.6 29.3 22.8 31.1 30.5 31.4 32.6 28.9 33.6 28.9 32.7 29
Copper (mg/kg dw) 390 390 19.3 41.8 38.6 32.4 40.6 40.4 42.4 45.6 45 46.4 39.1 44.5 40.9
Lead (mg/kg dw) 450 530 6.98 14.9 13.8 11.3 14.9 14.2 15.6 17.4 16.8 18.4 15.1 16.6 15.1
Mercury (mg/kg dw) 0.41 0.59 0.016 J 0.721 0.067 0.078 0.084 0.117 0.076 0.071 0.08 0.096 0.078 0.267 0.075
Silver (mg/kg dw) 6.1 6.1 0.041 0.106 0.098 0.094 0.116 0.112 0.122 0.126 0.138 0.14 0.117 0.126 0.113
Zinc (mg/kg dw) 410 960 57.8 103 98.3 77.9 99.6 99.7 104 110 102 111 93.9 109 97.9
PCBs
Total PCBs (mg/kg OC) 12 65 0.582 J 1.55 J 1.99 J 1.80 J 2.88 J 3.23 3.83 3.95 4.79 5.59 3.68 J 3.10 J 2.85 J
PAH LMW
2-Methylnaphthalene (mg/kg OC) 38 64 0.103 U 0.485 U 0.548 U 0.147 J 0.135 U 0.139 J 0.128 U 0.141 J 0.183 J 0.165 J 0.174 J 0.184 J 0.205 J
Acenaphthene (mg/kg OC) 16 57 0.094 U 0.550 U 0.616 U 0.119 U 0.154 U 0.143 U 0.145 U 0.133 U 0.142 U 0.153 U 0.140 U 0.133 U 0.129 U
Acenaphthylene (mg/kg OC) 66 66 0.076 UJ 0.453 UJ 0.514 UJ 0.097 UJ 0.125 UJ 0.117 UJ 0.119 UJ 0.109 UJ 0.117 UJ 0.123 UJ 0.116 UJ 0.110 UJ 0.106 UJ
Anthracene (mg/kg OC) 220 1200 0.094 UJ 0.550 UJ 0.616 UJ 0.216 J 0.231 J 0.161 J 0.149 J 0.203 J 0.333 J 0.254 J 0.269 J 0.392 J 0.297 J
Fluorene (mg/kg OC) 23 79 0.097 U 0.583 U 0.616 U 0.122 J 0.159 U 0.148 U 0.149 U 0.137 U 0.175 J 0.157 U 0.153 J 0.196 J 0.175 J
Naphthalene (mg/kg OC) 99 170 0.085 U 0.518 U 0.548 U 0.108 U 0.139 U 0.130 U 0.132 U 0.121 U 0.138 J 0.136 U 0.128 U 0.122 U 0.122 J
Phenanthrene (mg/kg OC) 100 480 0.471 0.841 J 0.753 J 0.899 1.11 0.987 0.766 1.02 1.50 1.27 1.16 1.45 1.18
Total LMW PAHs (mg/kg OC) 370 780 0.471 0.841 J 0.753 J 1.38 J 1.34 J 1.29 J 0.915 J 1.36 J 2.33 J 1.69 J 1.75 J 2.22 J 1.98 J
PAH HMW
Benzo(a)anthracene (mg/kg OC) 110 270 0.353 J 0.680 J 0.856 J 0.827 J 1.35 J 1.03 J 0.809 J 1.05 J 1.88 J 1.44 J 1.32 J 1.45 J 1.25 J

Benzo(a)pyrene (mg/kg OC) 99 210 0.529 UJ 1.00 UJ 0.993 UJ 1.12 UJ 1.63 UJ 1.35 UJ 0.979 UJ 1.25 UJ 2.13 UJ 1.78 UJ 1.57 UJ 1.57 UJ 1.48 UJ

Total benzofluoranthenes (mg/kg OC)1 230 450 0.85 2.10 J 2.02 J 1.91 3.13 2.51 1.87 2.50 4.46 3.52 3.10 3.14 3.00

Benzo(g,h,i)perylene (mg/kg OC) 31 78 0.262 0.84 J 0.82 J 0.540 1.35 1.12 0.851 1.02 1.71 1.48 1.24 1.22 1.22

Chrysene (mg/kg OC) 110 460 0.471 1.07 J 0.959 J 1.08 1.68 1.39 1.02 1.48 2.29 1.95 1.78 2.39 1.98

Dibenz(a,h)anthracene (mg/kg OC) 12 33 0.088 UJ 0.518 UJ 0.582 UJ 0.119 J 0.264 J 0.242 J 0.179 J 0.215 J 0.371 J 0.292 J 0.248 J 0.275 J 0.281 J

Fluoranthene (mg/kg OC) 160 1200 0.853 1.84 1.75 J 2.16 3.03 2.69 2.04 2.70 4.58 3.56 3.26 3.45 3.23

Indeno(1,2,3-cd)pyrene (mg/kg OC) 34 88 0.285 0.841 J 0.822 J 0.612 1.39 1.17 0.851 1.02 1.875 1.57 1.28 1.25 1.25

Pyrene (mg/kg OC) 1000 1,400 0.853 1.84 1.71 J 2.05 3.08 2.51 1.87 2.54 4.58 3.47 3.02 3.29 2.93

Total HMW PAHs (mg/kg OC) 960 5300 3.926 J 4.85 J 8.18 J 9.29 J 15.3 J 12.7 J 9.50 J 12.5 J 21.7 J 17.3 J 15.2 J 16.5 J 15.1 J
Chlorinated Hydrocarbons
1,4-Dichlorobenzene (mg/kg OC) 3.1 9 0.074 U 0.453 U 0.479 U 0.094 U 0.120 U 0.117 UJ 0.111 U 0.105 U 0.113 U 0.119 U 0.112 U 0.106 U 0.103 U
1,2-Dichlorobenzene (mg/kg OC) 2.3 2.3 0.071 UJ 0.421 UJ 0.479 UJ 0.090 UJ 0.115 UJ 0.108 UJ 0.106 UJ 0.102 UJ 0.104 UJ 0.114 UJ 0.103 UJ 0.102 UJ 0.099 UJ
1,2,4-Trichlorobenzene (mg/kg OC) 0.81 1.8 0.076 UJ 0.453 UJ 0.514 UJ 0.097 UJ 0.125 UJ 0.117 UJ 0.119 UJ 0.109 UJ 0.117 UJ 0.123 UJ 0.116 UJ 0.110 UJ 0.106 UJ
Hexachlorobenzene (mg/kg OC) 0.38 2.3 0.097 U 0.583 U 0.616 U 0.122 U 0.159 U 0.148 U 0.149 U 0.137 U 0.146 U 0.157 U 0.145 U 0.137 U 0.133 U

Analyte

SMS Marine 
Guidelines

Turning Basin Section A
DUW17-TB-
DMMU-01

DUW17-SA-
DMMU-01

DUW17-SA-
DMMU-02

DUW17-SA-
DMMU-03

DUW17-SB-
DMMU-08

DUW17-SB-
DMMU-09

SQS CSL DQResult Result

DUW17-SB-
DMMU-01

DUW17-SB-
DMMU-02

DUW17-SB-
DMMU-03

DUW17-SB-
DMMU-04

DUW17-SB-
DMMU-05

DUW17-SB-
DMMU-06

DQ DQ DQ DQ DQResultResult Result Result

Section B

DQ DQ DQ DQ DQ DQResult ResultDQ Result Result ResultResult Result

DUW17-SB-
DMMU-07



Table 16 - continued 

Analyte

SMS Marine 
Guidelines

Turning Basin Section A
DUW17-TB-
DMMU-01

DUW17-SA-
DMMU-01

DUW17-SA-
DMMU-02

DUW17-SA-
DMMU-03

DUW17-SB-
DMMU-08

DUW17-SB-
DMMU-09

SQS CSL DQResult Result

DUW17-SB-
DMMU-01

DUW17-SB-
DMMU-02

DUW17-SB-
DMMU-03

DUW17-SB-
DMMU-04

DUW17-SB-
DMMU-05

DUW17-SB-
DMMU-06

DQ DQ DQ DQ DQResultResult Result Result

Section B

DQ DQ DQ DQ DQ DQResult ResultDQ Result Result ResultResult Result

DUW17-SB-
DMMU-07

Phthalates
Dimethyl Phthalate (mg/kg OC) 53 53 0.118 U 0.680 U 0.753 U 0.147 U 0.192 U 0.179 U 0.179 U 0.168 U 0.175 U 0.186 U 0.174 U 0.169 U 0.163 U
Diethyl Phthalate (mg/kg OC) 61 110 0.109 U 0.647 U 0.719 U 0.137 U 0.178 U 0.166 U 0.166 U 0.152 U 0.163 U 0.174 U 0.161 U 0.157 U 0.152 U
Di-n-butyl Phthalate (mg/kg OC) 220 1700 0.206 J 0.841 U 0.925 U 0.432 J 0.361 J 0.417 J 0.243 J 0.305 J 0.417 J 0.466 J 0.393 J 0.392 J 0.308 J
Butyl Benzyl Phthalate (mg/kg OC) 4.9 64 0.259 0.647 U 0.719 U 0.755 J 0.529 0.399 J 0.357 J 0.469 0.708 0.636 0.620 0.706 0.646
Bis(2-ethylhexyl) Phthalate (mg/kg OC) 47 78 2.38 J 4.85 J 4.11 J 3.60 J 5.29 3.59 J 3.28 J 4.30 4.58 4.66 4.55 J 5.10 4.94
Di-n-octyl Phthalate (mg/kg OC) 58 4500 0.094 U 0.550 U 0.616 U 0.119 U 0.154 U 0.143 U 0.145 U 0.133 U 0.142 U 0.153 U 0.140 U 0.133 U 0.129 U
Phenols
Phenol (µg/kg dw) 420 1200 7.4 J 17 U 17 U 8.7 J 5.3 J 5.2 J 5.7 J 7.6 J 6.6 J 6.5 J 6.9 J 6.5 J 7.6 J
2-Methylphenol (µg/kg dw) 63 63 4.1 U 22 U 23 U 4.2 U 4.1 U 4.1 U 4.3 U 4.4 U 4.3 U 4.5 U 4.3 U 4.4 U 4.4 U
4-Methylphenol (µg/kg dw) 670 670 20 30 J 25 U 20 4.5 U 4.5 U 4.7 U 4.8 U 4.7 U 5 U 4.7 U 4.8 U 4.8 U
2,4-Dimethylphenol (µg/kg dw) 29 29 6.3 UJ 17 UJ 18 UJ 6.4 UJ 6.3 UJ 6.3 UJ 6.6 UJ 6.7 UJ 6.6 UJ 6.9 UJ 6.6 UJ 6.7 UJ 6.7 UJ
Pentachlorophenol (µg/kg dw) 360 690 24 J 28 U 29 U 5.4 U 5.3 U 5.3 U 5.6 U 5.6 U 5.6 U 5.8 U 5.6 U 5.7 U 5.7 U
Miscellaneous Extractables
Benzyl Alcohol (µg/kg dw) 57 73 67 26 U 27 U 16 J 6.4 J 8.5 J 9.4 J 11 J 9 J 10 J 13 J 12 J 15 J
Benzoic Acid (µg/kg dw) 650 650 150 J 510 U 530 U 97 U 96 U 96 U 100 U 110 U 100 U 110 U 100 U 110 U 110 U
Dibenzofuran (mg/kg OC) 15 58 0.100 U 0.583 U 0.651 U 0.126 U 0.163 U 0.152 U 0.153 U 0.141 U 0.150 U 0.161 U 0.149 U 0.145 J 0.152 J
Hexachlorobutadiene (mg/kg OC) 3.9 6.2 0.088 UJ 0.256 UJ 0.281 UJ 0.112 UJ 0.144 UJ 0.135 UJ 0.136 UJ 0.125 UJ 0.133 UJ 0.140 UJ 0.132 UJ 0.125 UJ 0.122 UJ
N-Nitrosodiphenylamine (mg/kg OC) 11 11 0.094 U 0.550 U 0.616 U 0.119 U 0.154 U 0.143 U 0.145 U 0.133 U 0.142 U 0.153 U 0.140 U 0.133 U 0.129 U
Exceeds SQS
Exceeds CSL
1 Total Benzofluoranthenes are based on the sum of Benzo(b)fluoranthene and Benzo(k)fluoranthene

DQ = data qualifier
J = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
UJ = The analyte was not detected above the reported sample quantitation limit. However, the reported quantitation limit is approximate and may or may not represent the
        actual limit of quantitation necessary to accurately and precisely measure the analyte in the sample.
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Figure 1.  Location of the Upper Duwamish Waterway Maintenance Dredging Site
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Figure 2.  Proposed Dredging Area in the Upper Duwamish Waterway
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Figure 3. Section A and Turning Basin Proposed and Actual Station Locations (from Anamar\EcoAnalysts, 2018) 
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NOTES
Client: US Army Corps of Engineers Seattle District
Location: Duwamish Waterway Section A and Turning Basin
Horizontal Datum: North American Datum 1983
Coordinate System: NAD 1983 State Plane Washington North FIPS 4601
Projection: Lambert Conformal Conic
Survey Date: May 31, 2017 (Sta. 242+00 to Sta. 275+50)
Targeted core sample stations are indicated by the crosshair symbol, and the 
locations where core samples were taken and retained are indicated by a smaller, 
white circle. Two cores were collected from station DUW17-TB-04 to retain 
sufficient volume for testing. Sample stations DUW17-TB-05 and DUW17-TB-
06 were not a part of the original scope, or in the SAP, so no target locations 
are provided.
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Figure 4. Section B Proposed and Actual Station Locations (from Anamar/EcoAnalysts, 2018) 
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NOTES
Client: US Army Corps of Engineers Seattle District
Location: Duwamish Waterway Section B
Horizontal Datum: North American Datum 1983
Coordinate System: NAD 1983 State Plane Washington FIPS 4601
Projection: Lambert Conformal Conic
Survey Date: May 31, 2017 (Sta. 242+00 to Sta. 275+50)
Targeted core sample stations are indicated by the crosshair symbol, and the locations 
where core samples were taken and retained are indicated by a smaller white circle. 
Station DUW17-SB-06 was inadvertently collected away from the target location and 
within a different DMMU than intended.
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Figure 5.  BioStat results for DUW17-SA-DMMU-01 (larval test) 

 



Figure 6.  BioStat results for DUW17-SB-DMMU-05 (larval test) 

 



Figure 7.  BioStat results for DUW17-SB-DMMU-06 (larval test) 
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