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MEMORANDUM FOR RECORD            May 29, 2019 
  
SUBJECT:  DETERMINATION REGARDING THE SUITABILITY/UNSUITABILITY OF PROPOSED 
DREDGED MATERIAL FROM THE PORT OF SILVERDALE BOAT RAMP AND FLOATING MOORAGE, 
EVALUATED UNDER SECTION 404 OF THE CLEAN WATER ACT, FOR UNCONFINED OPEN-WATER 
DISPOSAL AT THE ELLIOT 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/unsuitability of 17,165 cubic yards (cy) of dredged material from the Port of Silverdale’s boat 
launch and floating moorage for placement at the Elliott Bay nondispersive open-water disposal site.  

 
2. Background.  The Port of Silverdale’s boat ramp and floating moorage are located at the Silverdale 

Waterfront Park, in the northwest corner of Dyes Inlet (Figure 1).  The Waterfront Park was built by 
Kitsap County in the 1980s and the Port of Silverdale dredged and constructed the boat ramp and pier 
with a 60-slip transient moorage complex in 1993 (MSA, 2018).  Prior to construction of these facilities, 
the 21,000 cy of sediment proposed for dredging were sampled and tested under the Puget Sound 
Dredged Disposal Analysis (PSDDA) program.  There were no screening level (SL) exceedances and 
the dredged material was found suitable for open-water disposal at the Elliott Bay site (PSDDA, 1991).  
Tributyltin and dioxins/furans were not analyzed.  

 
In 2005, sediment characterization at the boat ramp and moorage complex was conducted again, this 
time for the purpose of maintenance dredging.  There were no SL exceedances and the 3,950 cy of 
dredged material were found suitable for open-water disposal at the Elliott Bay site (DMMP, 2005).  
Tributyltin was analyzed but not detected.  Dioxins/furans were not required to be analyzed. 

 
In 2010, the DMMP agencies implemented new guidelines for testing of dioxins/furans (DMMP, 2010).  
Under these guidelines, projects within urban bays and having no historical information showing that 
dioxin is below the disposal site management objective of 4 nanograms per kilogram (ng/kg) toxicity 
equivalence (TEQ) are required to be tested. 

 
In August 2017, Marine Surveys and Assessments (MSA) notified the DMMP agencies on behalf of the 
Port of Silverdale that maintenance dredging was again needed at the boat ramp and floating moorage 
complex.  This memorandum documents the evaluation of the shoaled sediment for open-water 
disposal at the Elliott Bay site.    
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3. Project Summary.  Table 1 includes project summary and tracking information. 
 

Table 1. Project Summary 
Project ranking Moderate 
Proposed dredge volume 17,165 cy  
Proposed dredge depth (including one foot of 
overdepth) 

boat ramp:  -4 ft MLLW 
floating moorage:  -11 ft MLLW 

Draft SAP received for DMMP agency review April 16, 2018 
DMMP comments on draft SAP April 18, 2018 
Revised SAP received May 15, 2018 
DMMP comments on revised SAP  May 24, 2018 
2nd revised SAP received September 7, 2018 
DMMP comments on 2nd revised SAP September 21, 2018 
Final SAP received September 24, 2018 
Final SAP approved September 24, 2018 
Sampling date November 9, 2018 
Draft Sediment Characterization Report (SCR) 
received 

February 8, 2019 

DMMP comments on 1st draft SCR February 21, 2019 
Revised SCR received April 24, 2019 
DMMP comments on revised SCR  May 9, 2019 
Final SCR received May 12, 2019 
DMMO tracking number  SILWP-1-A-F-397 
EIM study ID SILWP18 
USACE Permit Application Number NWS-2018-263 
Recency Expiration Date (moderate rank = 5 years)  November 2023 

  
4. Project Ranking and Sampling Requirements.  The Port of Silverdale facilities were considered to 

be a marina by the DMMP agencies for the purpose of ranking.  Marinas are ranked “moderate” for 
sediment characterization (DMMP, 2018).  Due to the length of time since the last sediment 
characterization, the sediment proposed for dredging was considered to be heterogeneous.  For a 
moderate-ranked project with heterogeneous material, the following sampling and testing requirements 
are applicable: 

• Maximum volume of sediment represented by each field sample = 4,000 cubic yards  
• Maximum volume of sediment represented by each surface DMMU = 16,000 cubic yards 
• Maximum volume of sediment represented by each subsurface DMMU = 24,000 cubic yards 

 
For this project, the shoaled sediment at the boat ramp (3,375 cy) was characterized separately from 
the shoaled sediment at the floating moorage (13,790 cy) (Figure 2).  The volume to be characterized 
at the floating moorage was less than the maximum volume for a surface DMMU.  Therefore, for the 
purposes of characterization, all dredged material at the floating moorage was considered to be a 
single surface DMMU.  The dredged material at the boat ramp was considered a second DMMU.  A 
single field sample would have been sufficient at the boat ramp, but the applicant agreed to take two 
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samples to get good spatial coverage.  Four samples were required at the floating moorage. 
 

5. Sampling.  Vibracore sampling was conducted November 9, 2018 by MSA and Research Support 
Services (RSS).  Difficult sampling conditions were encountered throughout much of the project area, 
with refusal due to gravel, cobble or hard-packed sand at several stations.   

 
In addition to the physical sampling difficulties, there was also a problem with vertical control.  The 
sampling subcontractor, RSS, rented a real-time kinematic (RTK) global positioning system (GPS) unit 
for this purpose.  However, the mudline elevations determined using the RTK-GPS system were not 
consistent with the bathymetric data collected by Coastal Geologic Services (CGS) in April 2017.  The 
size of the discrepancy (approximately 2 ft) and type of discrepancy (the RTK-GPS elevations were 
consistently deeper than those based on the bathymetric survey) led the sampling team to question the 
validity of the RTK-GPS data.  The source of the discrepancy could not be determined while in the field 
(nor could it be determined after the fact).  Therefore, while continuing to collect data from the RTK-
GPS system, the sampling team used the mudline elevations from the bathymetric survey when 
processing the core samples for laboratory analysis rather than the RTK-GPS data.   
 
Procedural errors were also made by the sampling team when processing samples for laboratory 
analysis.  These errors are discussed below.  All problems encountered during sampling are fully 
documented in MSA (2019).   
 
Sampling data are provided in Tables 2 and 3.  Target and actual sampling stations (both successful 
and unsuccessful attempts) are shown in Figure 3.  A brief summary of coring activities is provided 
below.  The sampling stations are presented in the order in which they were collected.  Because the 
sampling team used mudline elevations from the bathymetric survey when processing the cores, the 
following summary assumes that the mudline elevations derived from the 2017 bathymetric survey 
were correct.  Section 9 of this memorandum discusses the ramifications of this assumption and 
evaluates alternative scenarios.   
 
Boat Ramp (DMMU-BR) 
 
Two cores (from four attempts) were collected from DMMU-BR as planned.   
 
Station BR-1.  Only one attempt was needed.  The material in the upper 2.8 feet (ft) of the core was 
primarily gray sand with mixed gravel and shell hash.  Below 2.8 ft the material was gray/brown, 
included more organic material and had a strong sulfur smell.  The core section used to represent the 
dredged material had only a minor discrepancy from what was planned in the SAP.  Instead of a 4.6 ft 
core section (SAP), a 4.1 ft core section was collected to represent the dredged material.  This means 
that 0.5 ft of material from the dredge prism was not included in the composite sample analyzed by the 
laboratory.   
 
Station BR-2.  Poor recovery was achieved in the first two attempts.  Recovery was good on the third 
attempt and a core was successfully collected. The stratigraphy at BR-2 was the reverse of that seen at 
BR-1.  The upper 0.7 ft of material in the core was “sludgy brown”.  Below 0.7 ft the material consisted 
of gray sand, pea gravel and woody material, with some shell hash.  The core section used to 
represent the dredged material was taken deeper than it should have been.  A 5.0 ft core section was 
used in the composite sent to the lab instead of the 3.8 ft core section that should have been used.  
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This means that 1.2 ft of what should have been the Z-layer was included in the sediment sample 
collected to represent the dredged material. 
 
Floating Moorage (DMMU-FM) 
 
In DMMU-FM, cores were attempted at four stations.  However, only two cores were successfully 
collected from a total of 13 attempts.   
 
Station FM-4.  Refusal was encountered on the first and second attempts at only 1.8 and 1.2 ft below 
mudline, with recovery less than the target of 75% on both attempts.  On the third attempt, the core 
penetrated to 3.3 ft below mudline before encountering refusal.  Recovery was 91%.  The team 
consulted DMMO.  Because penetration came to within 0.3 ft of the bottom of the dredge prism, DMMO 
instructed the team to keep the recovered core section as representative of the dredged material.  
However, the team instead split the sample into a 1.7 ft sample representing the dredged material and 
1 ft representing the Z-layer.  This means that 1 ft of what should have been the dredge prism 
sediments was included in the Z-sample.  The collected material was described as sticky brown silt, 
with a sulfur smell. 
 
Station FM-3.  Three attempts were made per the protocol in the SAP, with early refusal on each 
attempt.  Only the core shoe penetrated material that was describe as light gray sand, resembling 
native material.  DMMO was consulted and the team was advised to return to the station later in the 
day if time permitted.  As indicated in the summary for Station FM-1 below, there was not time before 
dark to return to Station FM-3.  Therefore, no sample was collected at this station. 
 
Station FM-2.  As was the case at FM-3, three attempts were made, with early refusal on each 
attempt, this time due to large gravel.  The team moved on to Station FM-1 with a plan to return to FM-
2 if time permitted.  However, time did not permit and no sample was collected at FM-2. 
 
Station FM-1.  Refusal was encountered at shallow depths on the first and second attempts due to 
cobble.  Refusal was again encountered on the third attempt, however a short core with good recovery 
was successfully collected.  The sampling team again consulted DMMO and was directed to make a 
final attempt in the thickest shoal deposits within the dredged material footprint.  This sampling attempt 
(designated as FM-1A in the core logs) again resulted in refusal at a shallow depth.  Daylight was 
running out at this point and DMMO instructed the sampling team to process the short core that had 
been collected on the third attempt at FM-1.  While penetration was far short of the design depth, the 
2.1 ft core was at least representative of the softer material overlying the cobble, gravel and native 
sand encountered throughout the DMMU footprint.  However, instead of using the entire collected core 
section to represent the dredged material, the sampling team archived the bottom 1 ft of material as a 
Z-sample, so only the top 1.1 ft of material was included in the DMMU composite sent to the lab for 
analysis and 1 ft of what should have been part of the dredge prism sediments was included in the Z-
sample.  The material collected consisted of light gray sand, pea gravel and shell hash.   

 
6. Analytical Results.  The boat ramp and floating moorage DMMUs were analyzed for sediment 

conventionals, the standard marine DMMP chemicals of concern (COCs), dioxins/furans and tributyltin.  
The analytical results are provided in Tables 4 through 15. 

 
The sediment in both DMMU-BR and DMMU-FM was predominantly coarse-grained, with a combined 
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sand and gravel content of 89% and 78% respectively.  The total organic carbon (TOC) content of 
DMMU-BR was 2.5% and that of DMMU-FM was 1.4%.    
 
There were no SL exceedances for any of the standard COCs, nor for TBT.  All reporting limits were 
below SL.   
 
Dioxins/furans were analyzed for DMMU-BR and in duplicate for DMMU-FM.  The concentration in 
DMMU-BR was 0.1 ng/kg TEQ with non-detects set equal to half the estimated detection limit (U=1/2 
EDL).  For DMMU-FM, the concentrations for the two replicates were 5.1 and 4.2 ng/kg TEQ 
respectively. 
 
Data validation (EPA Stage 4 for dioxins/furans; Stage 2b for all other COCs) was conducted by Pyron 
Environmental.  Only minor issues were documented and all data were considered usable, as qualified, 
by the data validator. 

 
7. Biological Testing.  The SAP called for tiered biological testing.  Because there were no SL or 

bioaccumulation trigger exceedances, biological testing was not needed for decision-making.    
 
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, 2008b).  Comparison of the proposed dredged material to SQS serves as a first-tier 
indicator for this purpose.  The SQS for metals and polar organics are dry-weight normalized, while 
those for nonpolar organics are carbon-normalized.  The dry-weight normalized SQS are equal to their 
DMMP SL counterparts.  There were no DMMP SL exceedances for any COCs, which means that 
none of the dry-weight normalized SQS were exceeded either.  Table 16 includes carbon-normalized 
concentrations for nonpolar COCs.  All carbon-normalized results were below SQS.   

 
9. Suitability and Antidegradation Determination.  This memorandum documents the evaluation of the 

suitability/unsuitability of sediment proposed for dredging from the Port of Silverdale boat ramp and 
floating moorage for unconfined open-water disposal at the Elliott Bay site.  A critical assumption 
underlying the evaluation is that the samples collected are representative of the material that will be 
dredged.  Given the sampling difficulties, uncertainty regarding mudline elevations and deviations from 
the sampling plan discussed previously, the DMMP agencies requested that MSA provide an 
evaluation of the sampling depths under two scenarios, one in which the CGS elevations were correct, 
the other assuming that the field-determined elevations were correct.  The outcome of this evaluation is 
provided in Figures 5 through 8 (Figure 4 provides a key for these figures).  The agencies reviewed 
these figures and other information in the sediment characterization report to make the following 
determination.  

 
Boat Ramp (DMMU-BR).  Sediment collected from both cores (BR-1 and BR-2) included a layer of 
sandy material (with gravel and shell hash) and a layer of organic material.  The location of the organic 
material differed between the two cores, existing in a deeper stratum at BR-1 (starting 2.8 ft below 
mudline), but only in the top 0.7 ft at BR-2.  The core section collected to represent dredged material at 
each location included portions of both types of material.   
 
The ability of the core sections composited to represent the dredge prism in DMMU-BR was potentially 
affected by two factors, the first being the deviation from the SAP’s compositing intervals that occurred 
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during sample processing.  The second was the uncertainty surrounding determination of the mudline 
elevations.  It is possible that one or both of these factors affected the analytical results by changing 
the proportion of sediments with different contaminant loads.  The potential impact of these factors can 
be estimated by evaluating various scenarios, as will be seen in the following.  Only scenarios that 
would have resulted in dilution of the boat ramp composite with cleaner sediment (and a possible false 
negative) are those of interest from a regulatory perspective.    

 
Scenario 1 – CGS mudline elevations correct; contaminant load in sediment with organic material 
 
One way to estimate the potential effect of dilution is to assume that the sediment with organic 
material had higher concentrations of COCs than the sandy material.  The following calculations 
make a simplifying assumption that the organic material contained 100% of the contaminant load 
and the sandy material contained none.   
 
In a scenario in which the CGS mudline elevations were correct and the entire contaminant load is 
in the sediment with organic material (Figure 9), if the sediment had been collected and processed 
per the SAP, a total of 8.4 ft of core length would have been included in the boat ramp composite 
(4.6’ from BR-1 + 3.8’ from BR-2).  Of this, 2.5 ft of the core length would have been contaminant-
bearing (1.8’ from BR-1 + 0.7’ from BR-2), a fraction of 0.298 (2.5’ ÷ 8.4’).  What actually was 
collected was a total of 9.1 ft of core length (4.1’ from BR-1 + 5’ from BR-2), with 2.0 ft bearing the 
contaminant load (1.3’ from BR-1 + 0.7’ from BR-2), a fraction of 0.220 (2.0’ ÷ 9.1’).  The fraction of 
contaminant-bearing sediment had the SAP been followed is greater than the fraction of 
contaminant-bearing sediment in the core sections actually collected and composited, so the COC 
concentrations would need to be multiplied by 0.298/0.220 or 1.35 to correct for dilution.  With a 
dilution correction factor of 1.35 (i.e. actual chemical concentrations 1.35 times higher than 
reported), none of the COCs would have exceeded SL and the dioxin/furan TEQ concentration in 
this composite would have been only 0.135 ng/kg TEQ.   
 
Scenario 2 – CGS mudline elevations correct; contaminant load in dredge prism only 
 
A second approach for evaluating the effects of possible dilution would be to assume that 100% of 
the contaminant load is within the dredge prism (including overdepth) and anything deeper than the 
dredge prism is free of contamination.  If that were the case and the CGS mudline elevations were 
correct (Figure 10), 7.9 ft of the sediment collected (4.1’ from BR-1 + 3.8’ from BR-2) would have 
carried the contaminant load out of the total of 9.1 ft of sediment actually included in the composite 
(4.1’ from BR-1 + 5’ from BR-2).  The dilution correction factor in this scenario would be 9.1/7.9 or 
1.15.  As was seen in the previous scenario, a dilution correction factor of this magnitude would not 
have appreciably changed the dioxin/furan concentration and would not have resulted in any SL 
exceedances. 
 
Scenario 3 – RTK mudline elevations correct; contaminant load in sediment with organic material 
 
In this scenario (Figure 11), if the sediment had been collected and processed per the SAP, a total 
of 4.5 ft of core length would have been included in the boat ramp composite (2.5’ from BR-1 + 2.0’ 
from BR-2).  Of this, only 0.7 ft of the core length would have been contaminant-bearing (0’ from 
BR-1 + 0.7’ from BR-2), a fraction of 0.155 (0.7’ ÷ 4.5’).  What actually was collected was a total of 
9.1 ft of core length (4.1’ from BR-1 + 5’ from BR-2), with 2.0 ft bearing the contaminant load (1.3’ 
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from BR-1 + 0.7’ from BR-2), a fraction of 0.220 (2.0’ ÷ 9.1’).  The fraction of contaminant-bearing 
sediment had the SAP been followed is less than the fraction of contaminant-bearing sediment in 
the core sections actually composited, so no dilution correction factor is needed.  Under this 
scenario, the COC concentrations would actually have been lower if the SAP had been followed. 
 
Scenario 4 - RTK mudline elevations correct; contaminant load in dredge prism only 
 
In this case (Figure 12), 4.5 ft of the sediment collected (2.5’ from BR-1 + 2.0’ from BR-2) would 
have carried the contaminant load out of the total of 9.1 ft of sediment actually included in the 
composite (4.1’ from BR-1 + 5’ from BR-2).  The dilution correction factor in this scenario would be 
9.1/4.5 or 2.02, which is the largest dilution correction factor in any of the scenarios.  But even with 
a dilution correction factor of 2.02, there would still be no COCs that would have exceeded SL and 
the dioxin/furan TEQ concentration in this composite would have been only 0.2 ng/kg TEQ. 

 
Based on this evaluation via scenario-testing, the DMMP agencies determined that the samples 
collected, while not fully representative of the dredged material layer in the boat ramp DMMU, were 
unlikely to have been diluted to the point where a determination of the suitability of the material for 
open-water disposal would have been compromised.  With regard then to the standard DMMP COCs 
and TBT, the DMMP agencies determined that DMMU-BR is suitable for open-water disposal at the 
Elliott Bay site.  The dioxin/furan results are addressed below for the project as a whole.   
 
Floating Moorage (DMMU-FM).  The situation at the floating moorage was much different than at the 
boat ramp.  Four cores were to be collected but due to refusal from gravel, cobble or hard-packed sand 
only two cores were acquired.  These two cores were short ones, again due to refusal from gravel and 
cobble.  Material in the core collected from FM-1 consisted of sand, pea gravel and shell.  The core 
from FM-4 contained sticky, brown, silty sediment.    
 
There were many other coring attempts that resulted in no collected material.  In fact, of the 13 coring 
attempts made at the floating moorage, only two resulted in collection of material for testing.  The other 
attempts were unsuccessful due to poor penetration/refusal and/or poor recovery.  It is unknown if the 
gravel, cobble and hard-packed sand that resulted in refusal extend to the bottom of the dredge prism, 
or if there are additional layers of finer-grained material interspersed with the gravel, cobble and sand.  
However, if we assume that the cores collected from FM-1 and FM-4 are representative of the finer-
grained material, and that the gravel, cobble and sand are not a likely repository for COCs, then it is 
likely that the chemical testing results were biased high for the dredge prism as a whole.  Since there 
were no SL exceedances for the finer-grained material, it is highly unlikely that the dredge prism as a 
whole contains COC concentrations above the SLs.  With regard then to the standard DMMP COCs 
and TBT, the DMMP agencies determined that DMMU-FM is suitable for open-water disposal at the 
Elliott Bay site.  The dioxin/furan results are addressed in the next paragraph. 

 
Dioxin/furan project volume-weighted average.  Table 17 shows the calculation of the project 
volume-weighted average for dioxins/furans.  In this table, the mean concentration of the two replicates 
for DMMU-FM is used.  The project volume-weighted average of 3.8 ng/kg TEQ is less than the DMMP 
disposal site management objective of 4 ng/kg TEQ.  If the highest dilution correction factor calculated 
above for DMMU-BR is used, the project volume-weighted average would remain at 3.8 ng/kg TEQ. 
Therefore, with regard to dioxins/furans, the project dredged material is suitable for open-water 
disposal at the Elliott Bay site. 
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Table 17.  Project volume-weighted average for dioxins/furans (U = ½ EDL) 

DMMU dioxin/furan TEQ (ng/kg) volume (cy) TEQ x volume 
BR 0.1 3,375 338 
FM 4.7 13,790 64,813 

Total 65,151÷17,165 = 3.8 17,165 65,151 
 
In summary, with regard to all COCs, the DMMP agencies determined that DMMU-BR and 
DMMU-FM are suitable for placement at the Elliott Bay open-water disposal site.   
 
Antidegradation evaluation.  For this project, chemical concentrations in the dredged material were 
all below SQS.  In addition, cobbles and gravel were encountered throughout the floating moorage 
DMMU.   Hydrophobic COCs, such as PAHs, PCBs and dioxins/furans, sorb strongly to finer-grained 
sediment.  The absence of fine-grained sediment at depth in the floating moorage area is predictive of 
low concentrations of COCs.  In the boat ramp DMMU, one core (BR-1) had sediment with higher 
organic content at depth.  But, as the scenario-testing evaluation showed previously, the 
concentrations of COCs in DMMU-BR were so low that it is highly unlikely that the Z-layer sediment 
would exceed SQS.  In summary, there is no reason to believe that the sediment to be exposed by 
dredging is of lesser quality than the existing sediment surface.  Therefore, the DMMP agencies have 
determined that the antidegradation standard has been met for this project. 
 
This determination does not constitute final agency approval of the project.  During the public comment 
period that follows a public notice, the resource agencies will provide input on the overall 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.   

 
A pre-dredge meeting with DNR, Ecology and the Corps of Engineers is required at least 7 days prior 
to dredging.  A dredging and disposal quality control plan must be submitted to the Regulatory Branch 
of the Seattle District Corps of Engineers at least 7 days prior to the pre-dredge meeting. This plan 
must include:  the equipment and vessels to be used, operational controls to ensure dredging 
accuracy, disposal positioning procedures, spill control and response measures, water quality 
monitoring, contingency plans in the event water quality standards are exceeded, debris management, 
personnel and responsibilities, dredging and disposal schedule, report submittals, agency contact 
information and coordination procedures.  For this project, dredged material must be passed through a 
1 ft x 1 ft grid prior to placement in the dump barge (DMMP, 2015).  Debris is to be disposed at an 
upland location.  The dredging and disposal quality control plan must be approved by the U.S. Army 
Corps of Engineers, Washington State Department of Natural Resources and the Washington State 
Department of Ecology prior to commencement of open-water disposal.  A DNR site use authorization 
must also be acquired.   
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Source:  Figure 1 from Sampling and Analysis Plan (MSA, 2018)

Figure 1. Vicinity Map of Port of Silverdale Dredging 



Source:  Figure 2 from Sampling and Analysis Plan (MSA, 2018) 

Figure 2. Dredge Footprints, DMMUs, and Core Locations 



Source:  Figure 1 from Sediment Characterization Report (MSA, 2019)

Figure 3. Proposed sample locations and actual core locations
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Figure 5.  BR-1 Coring and Sampling Summary

BR-1 SAP (planned)
Existing Elevation (ft MLLW) 0.6

Design Elevation + Overdepth (ft 
MLLW)

-4

Length of Sediment Core* (ft) 4.6

BR-1 Core Log & RTN GPS data (field-recorded data)
ID BR-1

Name Boat Ramp

GPS_Date 11/09/2018 0:00

GPS_Time 08:57:02am

Water Depth (Ft) 11.1

GPS RTN Tide elevation (ft) 9.56

Field Calc Mudline EL (ft)* 1.6

Predicted NOAA Tides Dyes Inlet 10.60

From Review of Coring Field Data by CGS

Corrected Field Mudline EL (ft)* -1.5

CGS Survey Mudline EL (ft) 0.6

Discrepancy in Mudlines (ft) 2.1

*mudline was miscalculated on core log in the field

BR-1 Sample Interval Illustration

If the field-determined mudline was correct, 
the 4.1 ft sample interval collected to 

represent DM would have penetrated into the 
planned Z-layer by 1.6 ft.   The core log 

indicates finer grained material with higher 
organic content from 2.8 to 6.4 ft, so more of 

this type of material would have been sampled 
and COC concentrations in the tested sample 

would likely have been biased high.

If the CGS bathymetry was correct, the 4.1 
ft sample interval collected to represent 

DM would have all been from the DM layer. 
Only 0.5 ft of the planned overdredge 

would have been missed. The DM sample 
collected should be a good representation 

of the material that will be dredged.
Source:  Attachment 1 from Sediment Characterization Report (MSA, 2019)



-4

-5

-1

-2

-3

CGS mudline -0.2 ft MLLW

Corrected field mudline -2.0 ft MLLW
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Figure 6.  BR-2 Coring and Sampling Summary

BR-2 SAP (planned)
Existing Elevation (ft MLLW) -0.2

Design Elevation + Overdepth (ft 
MLLW)

-4

Length of Sediment Core* (ft) 3.8

BR-2 Core Log & RTN GPS data (field-recorded data)
ID BR-2

Name Boat Ramp

GPS_Date 11/09/2018 0:00

GPS_Time 10:54:14am

Water Depth (Ft) 8.9

GPS RTN Tide elevation (ft) 6.94

Field Calc Mudline EL (ft)* 1.9

Predicted NOAA Tides Dyes Inlet 7.20

From Review of Coring Field Data by CGS

Corrected Field Mudline EL (ft)* -2.0

CGS Survey Mudline EL (ft) -0.2

Discrepancy in Mudlines (ft) 1.8

*mudline was miscalculated on core log in the field

BR-2 Sample Interval Illustration

If the field-determined mudline was correct, 
the 5 ft sample interval collected to represent 

DM would have penetrated through the 
planned Z-layer and into the underlying 

material.   The core log indicates finer grained 
material in the top 6 inches only, so the finer 

grained material would have been diluted with 
3 feet of coarse material from beyond the 

planned overdredge.

If the CGS bathymetry was correct, the 5 ft 
sample interval collected to represent DM 

would have penetrated 1.2 ft into the 
planned Z-layer.  The finer grained material 
in the top 6 inches would have been diluted 

with 1.2 ft of coarse material beyond the 
planned overdredge.

-9

Source:  Attachment 1 from Sediment Characterization Report (MSA, 2019)
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-9

-10

-11

-12

-13

CGS mudline -3.0 ft MLLW

Corrected field mudline -4.8 ft MLLW

1 ft planned
overdredge

2-ft planned Z-layer

design depth -10 ft MLLW

Only a short core was collected due to 
refusal from cobble at 2.7 ft below mudline. 

The material sent to the lab for analysis 
was representative of the sand, gravel and 

shell overlying the cobble.

Whether the field-determined or CGS 
mudline was correct, the sampling outcome 

would have been the same.  The core 
interval collected was representative of the 
sand, gravel and shell overlying the cobble.

Figure 7.  FM-1 Coring and Sampling Summary

FM-1 SAP (planned)
Existing Elevation (ft MLLW) -3

Design Elevation + Overdepth (ft 
MLLW)

-11

Length of Sediment Core* (ft) 8

FM-1 Core Log & RTN GPS data (field-recorded data)
ID FM-1

Name Floating Moorage

GPS_Date 11/09/2018 0:00

GPS_Time 04:30:37pm

Water Depth (Ft) 12.3

GPS RTN Tide elevation (ft) 7.5

Field Calc Mudline EL (ft)* -4.7

Predicted NOAA Tides Dyes Inlet 10.7

From Review of Coring Field Data by CGS

Corrected Field Mudline EL (ft)* -4.8

CGS Survey Mudline EL (ft) -3

Discrepancy in Mudlines (ft) 1.8

FM-1 Sample Interval Illustration

-7

-6

-5

-4

-3

Source:  Attachment 1 from Sediment Characterization Report (MSA, 2019)
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-9

-10

-11

-12

-13

CGS mudline -7.4 ft MLLW

field mudline -9.4 ft MLLW

1 ft planned
overdredge

2-ft planned Z-layer

design depth -10 ft MLLW

If the field-determined mudline was 
correct, the 1.7 ft sample interval collected 

to represent DM would have penetrated 
beyond the planned overdredge layer and 
into the planned Z-layer by 0.1 ft.   This is 

within the tolerance of typical core 
sampling and the DM sample collected 
should be a good representation of the 

material that will be dredged.

If the CGS bathymetry was correct, the 1.7 
ft sample interval collected to represent 

DM would have all been from the DM 
layer.  Refusal was encountered (likely 

due to gravel/cobble) just 0.1 ft below the 
design depth.  The DM sample collected 
should be a good representation of the 

material that will be dredged.

Figure 8.  FM-4 Coring and Sampling Summary

FM-4 SAP (planned)
Existing Elevation (ft MLLW) -7.4

Design Elevation + Overdepth (ft 
MLLW)

-11

Length of Sediment Core* (ft) 3.6

FM-4 Core Log & RTN GPS data (field-recorded data)
ID FM-4

Name Floating Moorage

GPS_Date 11/09/2018 0:00

GPS_Time 12:47:21pm

Water Depth (Ft) 14.1

Tide Ft 4.70

Field Calc Mudline EL (ft) -9.4

GNSS_Tide 4.65

Predicted NOAA Tides Dyes Inlet 5.70

From Review of Coring Field Data by CGS

Corrected Field Mudline EL (ft) -9.4

CGS Survey Mudline EL (ft) -7.4

Discrepancy in Mudlines (ft) 2.0

FM-4 Sample Interval Illustration

Source:  Attachment 1 from Sediment Characterization Report (MSA, 2019)



Core BR-2; CGS mudline -0.2 ft MLLW0
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If the CGS mudline elevations were correct, 
the 4.1 ft core interval collected to represent 

DM would have included 2.8 ft of sand 
(assumed to have no COCs) and 1.3 ft of 

material with higher organic content (assumed 
to contain the entire COC load). If the SAP had 

been followed, a 4.6 ft core section would 
have been collected to represent DM, 

including 2.8 ft of sand and 1.8 ft of DM with 
higher organic content. 

For BR-2, the 5 ft core interval collected to 
represent DM would have included 0.7 ft of 

material with higher organic content and 
4.3 ft of sand.  If the SAP had been 

followed, a 3.8 ft core section would have 
been collected to represent DM, including 

0.7 ft of material with higher organic 
content and 3.1 ft of sand. 

Actual SAP

Actual SAP

2.8’
0%

1.3’
100%

2.8’
0%

1.8’
100%

Figure 9 – Scenario 1
CGS mudline elevations, with the 

contaminant load in the organic material

Core BR-1; CGS mudline +0.6 ft MLLW
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Core BR-2; CGS mudline -0.2 ft MLLW0
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If the CGS mudline elevations were correct, 
the 4.1 ft core interval collected from BR-1 to 
represent DM would have come entirely from 
the dredge prism and there would have been 

no dilution from deeper material.

For BR-2, the 5 ft core interval collected to 
represent DM would have included 3.8 ft of 
material from the dredge prism (with 100% 

of the contaminant load) and 1.2 ft from 
the Z-layer (assumed to have no 

contaminant load).  Including this deeper 
sediment would have diluted the 

contaminant load in the DM composite in 
this scenario.

Actual

Actual

4.1’
100%

Figure 10 – Scenario 2
CGS mudline elevations, with the 

contaminant load in the dredge prism

Core BR-1; CGS mudline +0.6 ft MLLW
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Core BR-2; RTK mudline -2.0 ft MLLW

If the RTK mudline elevations were correct, 
the 4.1 ft core interval collected to represent 

DM would have included 2.8 ft of sand 
(assumed to have no COCs) and 1.3 ft of 

material with higher organic content (assumed 
to contain the entire COC load). If the SAP had 

been followed, a 2.5 ft core section would 
have been collected to represent DM, all of 

which would have been sand with no 
contaminant load. 

For BR-2, the 5 ft core interval collected to 
represent DM would have included 0.7 ft of 

material with higher organic content and 
4.3 ft of sand.  If the SAP had been 

followed, a 2.0 ft core section would have 
been collected to represent DM, including 

0.7 ft of material with higher organic 
content and 1.3 ft of sand. 

Actual

SAP

Actual

SAP

2.8’
0%

1.3’
100%

2.5’
0%

Figure 11 – Scenario 3
RTK mudline elevations, with the 

contaminant load in the organic material
Core BR-1; RTK mudline -1.5 ft MLLW
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Core BR-2; RTK mudline -2.0 ft MLLW

If the RTK mudline elevations were correct, 
the 4.1 ft core interval collected from BR-1 to 
represent DM would have included 2.5 ft from 

the dredge prism (with 100% of the 
contaminant load) and 1.6 ft from the Z-layer 

(assumed to have no contaminant load). 
Including this deeper sediment would have 
diluted the COC concentrations in the DM 

composite in this scenario.

For BR-2, the 5 ft core interval collected to 
represent DM would have included 2.0 ft of 
material from the dredge prism and 3.0 ft 

from the Z-layer.  

Actual

Actual

2.5’
100%

1.6’
0%

Figure 12 – Scenario 4
RTK mudline elevations, with the 

contaminant load in the dredge prism
Core BR-1; RTK mudline -1.5 ft MLLW
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Source:  Tables 2 and 3 from Sediment Characterization Report (MSA, 2019)   

Table 2. Sampling Locations, Tide Stages, and Mudline 

Core DMMU 
Actual 

Latitude 
Actual 

Longitude 

Field 
Measure 

Water 
Depth (Ft) 

RTN 
Tide 
(ft) 

Field 
Mudline 

EL (ft) 

CGS 
Predicted 
Mudline 

EL (ft) 

Difference 
(ft) from 

predicted 
mudline 

BR-1 
Boat 
Ramp 

47.642945 -122.696343 11.1 9.6 -1.6 0.6 2.1 

BR-2 
Boat 
Ramp 

47.643052 -122.695863 8.9 7.0 -1.9 -0.2 1.8 

FM-1 
Floating 
Moorage 

47.642945 -122.696343 12.3 7.5 -4.8 -3.0 1.8 

FM-2 
Floating 
Moorage 

47.642903 -122.694878 12.8 6.1 -6.7 -4.9 1.8 

FM-3 
Floating 
Moorage 

47.642378 -122.695070 13.6 4.2 -9.4 -6.7 2.7 

FM-4 
Floating 
Moorage 

47.642722 -122.694137 14.1 4.7 -9.4 -7.4 2.0 

Table 3. Core penetration and recovery 

STATION 

Design 
Elevation + 
Overdepth 
(ft MLLW) 

Required 
Length of 
Sediment 
Core* (ft) 

for 
Dredge 
Prism 
layer 

Required 
Length of 
Sediment 

Core (ft) to 
capture Z-

layer 

Field 
Calculated 
Mudline 

(ft)† 

Core 
Recovery 

(Ft) 

Core 
Penetration 

(Ft) 

Percent 
Recovery 

BR-1 -4 4.6 6.6 -1.6 6.4 7.6 84 

BR-2 -4 3.8 5.8 -1.9 7.3 7.9 92 

FM-1 -11 8.0 10.0 -4.8 2.4 2.7 89 

FM-2 -11 6.1 8.1 -6.7 0 0 0 

FM-3 -11 4.3 6.3 -9.4 0 0 0 

FM-4 -11 3.6 5.6 -9.4 3.0 3.3 91 

*includes 1-foot allowable overdredge
† a fairly consistent 2-foot discrepancy was observed with field calculated mudlines compared to the CGS

2017 bathymetry, which is assumed to be the correct mudline. This discrepancy is discussed in detail in 
Section 3.1.1 (MSA, 2019). This table summarizes the core log information, but the assumed correct 

mudline for the core lengths would be the CGS predicted mudline elevations in Table 2.  



Source:  Table 4 from Sediment Characterization Report (MSA, 2019)

Table 4. Grain Size and Conventionals 

Silverdale Dredge Material Results 

Chemical Sample Result Units MRL MDL Qualifier 

Gravel (< -1 phi) BR 5.5 % 0.1 0.1 

Sand (-1 to 4 phi) BR 83.3 % 0.1 0.1 

Silt (5 to 8 phi) BR 8.6 % 0.1 0.1 

Clay (> 8 phi) BR 2.6 % 0.1 0.1 

Total 100 

Ammonia (NH3) as Nitrogen (N) BR 9.56 mg/kg 0.63 0.63 

Preserved Total Solids BR 66.91 % 0.04 0.04 

Sulfide BR 108 mg/kg 14 14 

Total Organic Carbon BR 2.43 % 0.02 0.02 

Total Solids BR 62.39 % 0.04 0.04 

Total Volatile Solids BR 5.87 % 0.01 0.01 

Gravel (< -1 phi) FM 1.6 % 0.1 0.1 

Sand (-1 to 4 phi) FM 76.5 % 0.1 0.1 

Silt (5 to 8 phi) FM 15.2 % 0.1 0.1 

Clay (> 8 phi) FM 6.6 % 0.1 0.1 

Total 99.9 

Ammonia (NH3) as Nitrogen (N) FM 8.67 mg/kg 0.5 0.5 

Preserved Total Solids FM 66.86 % 0.04 0.04 

Sulfide FM 284 mg/kg 28.2 28.2 

Total Organic Carbon FM 1.44 % 0.02 0.02 J 

Total Solids FM 70.47 % 0.04 0.04 

Total Volatile Solids FM 2.51 % 0.01 0.01 



Source:  Tables 5 and 6 from Sediment Characterization Report (MSA, 2019) 

Table 5. Metals 

DMMP Guidelines Silverdale Dredge Material Results 

Analyte MDL MRL Units 
Marine 

SL DMMU Result Units MRL MDL Qualifier 

Antimony 0.226 5 mg/kg 150 BR 1.33 mg/kg 7.78 0.56 J 

Arsenic 0.28 5 mg/kg 57 BR 5.44 mg/kg 7.78 0.731 J 

Cadmium 0.0124 0.2 mg/kg 5.1 BR 0.101 mg/kg 0.311 0.0529 J 

Chromium 0.0471 0.5 mg/kg 260 BR 25.2 mg/kg 0.778 0.205 

Copper 0.0247 0.2 mg/kg 390 BR 8.3 mg/kg 0.311 0.103 

Lead 0.13 2 mg/kg 450 BR 1.82 mg/kg 3.11 0.296 J 

Mercury 0.0021 0.025 mg/kg 0.41 BR 0.0313 mg/kg 0.0313 0.00657 UJ 

Selenium 0.39 0.5 mg/kg --- BR 0.7 mg/kg 0.72 0.63 J 

Silver 0.0439 0.3 mg/kg 6.1 BR 0.467 mg/kg 0.467 0.084 U 

Zinc 0.16 1 mg/kg 410 BR 25.1 mg/kg 1.56 0.327 

Antimony 0.226 5 mg/kg 150 FM 1.22 mg/kg 6.44 0.464 J 

Arsenic 0.28 5 mg/kg 57 FM 6.63 mg/kg 6.44 0.605 

Cadmium 0.0124 0.2 mg/kg 5.1 FM 0.526 mg/kg 0.258 0.0438 

Chromium 0.0471 0.5 mg/kg 260 FM 26.6 mg/kg 0.644 0.17 

Copper 0.0247 0.2 mg/kg 390 FM 14.4 mg/kg 0.258 0.085 

Lead 0.13 2 mg/kg 450 FM 7.8 mg/kg 2.58 0.245  J 

Mercury 0.0021 0.025 mg/kg 0.41 FM 0.0349 mg/kg 0.0349 0.00734 U 

Selenium 0.39 0.5 mg/kg --- FM 1.18 mg/kg 0.7 0.62 

Silver 0.0439 0.3 mg/kg 6.1 FM 0.0733 mg/kg 0.386 0.0695 J 

Zinc 0.16 1 mg/kg 410 FM 39 mg/kg 1.29 0.27 

Table 6. Tributyltin 

DMMP Guidelines Silverdale Dredge Material Results 

Analyte MDL MRL Units 
Marine 

SL 
Marine 

BT 
Marine 

ML Sample Result MRL MDL Qualifier 
Tributyltin 
Ion (bulk) 

0.45 3.86 ug/kg --- 73 --- BR 3.83 3.83 0.446 U 

Tributyltin 
Ion (bulk) 

0.45 3.86 ug/kg --- 73 --- FM 0.83 3.8 0.443 J 



Source:  Table 7 from Sediment Characterization Report (MSA, 2019)

Table 7. Pesticides 

DMMP Guidelines Silverdale Dredge Material Results 

Analyte MDL MRL Marine SL 
Marine 

BT Sample Result MRL MDL Qualifier 

4,4'-DDE 0.14 1 9 --- BR 1 1 0.32 U 

4,4'-DDD 0.32 1 16 --- BR 1 1 0.13 U 

4,4'-DDT 0.32 1 12 --- BR 1 1 0.32 U 
Sum of 4,4'-DDD, 
4,4'-DDE, 4,4'-
DDT 

--- --- --- 50 
BR 1 U 

Aldrin 0.37 0.5 9.5 --- BR 0.5 0.5 0.37 U 

Dieldrin 0.12 1 1.9 --- BR 1 1 0.11 U 

Heptachlor 0.05 0.5 1.5 --- BR 0.5 0.5 0.05 U 
cis-Chlordane 
(alpha-
chlordane) 

0.11 0.5 
Total 

Chlordane 
Total 

Chlordane 
BR 0.5 0.5 0.11 U 

cis-Nonachlor 0.21 1 BR 1 1 0.21 U 

Oxychlordane 0.13 1 BR 1 1 0.13 U 

trans-Chlordane 
(beta-Chlordane) 

0.33 0.5 
BR 0.5 0.5 0.33 U 

trans-Nonachlor 0.23 1 
BR 1 1 0.23 U 

Total Chlordane 2.8 37 BR 1 U 

4,4'-DDE 0.14 1 9 --- FM 0.97 0.97 0.31 U 

4,4'-DDD 0.32 1 16 --- FM 0.97 0.97 0.13 U 

4,4'-DDT 0.32 1 12 --- FM 0.97 0.97 0.32 U 

Sum of 4,4'-DDD, 
4,4'-DDE, 4,4'-
DDT 

--- --- --- 50 
FM 0.97 U 

Aldrin 0.37 0.5 9.5 --- FM 0.49 0.49 0.36 U 

Dieldrin 0.12 1 1.9 --- FM 0.97 0.97 0.11 U 

Heptachlor 0.05 0.5 1.5 --- FM 0.49 0.49 0.05 U 

cis-Chlordane 
(alpha-
chlordane) 

0.11 0.5 
Total 

Chlordane 
Total 

Chlordane 
FM 0.49 0.49 0.11 U 

cis-Nonachlor 0.21 1 FM 0.97 0.97 0.2 U 

Oxychlordane 0.13 1 FM 0.97 0.97 0.12 U 

trans-Chlordane 
(beta-Chlordane) 

0.33 0.5 
FM 0.49 0.49 0.32 U 

trans-Nonachlor 0.23 1 FM 0.97 0.97 0.22 U 

Total Chlordane 2.8 37 FM 0.97 U 



Source:  Table 8 from Sediment Characterization Report (MSA, 2019)

Table 8. PCB Aroclors 

DMMP Guidelines Silverdale Dredge Material Results 

Analyte 
(ug/kg) 

MDL MRL 
Marine 

SL 
Marine 

BT 
Sample 

Result 
(ug/kg) 

mg/kg 
TOC 

Norm MRL MDL Qualifier 

Aroclor 1016 1.6 4 BR 4 4 1.6 U 

Aroclor 1221 1.6 4 BR 4 4 1.6 U 

Aroclor 1232 1.6 4 BR 4 4 1.6 U 

Aroclor 1242 1.6 4 BR 4 4 1.6 U 

Aroclor 1248 1.6 4 BR 4 4 1.6 U 

Aroclor 1254 1.6 4 BR 4 4 1.6 U 

Aroclor 1260 0.6 4 BR 4 4 0.6 U 

Aroclor 1262 0.6 4 BR 4 4 0.6 U 

Aroclor 1268 0.6 4 BR 4 4 0.6 U 

Total Aroclor 130 
38 

mg/kg 
TOC BR 4 

0.16 
mg/kg 

TOC U 

Aroclor 1016 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1221 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1232 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1242 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1248 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1254 1.6 4 FM 3.9 3.9 1.5 U 

Aroclor 1260 0.6 4 FM 3.9 3.9 0.6  J 

Aroclor 1262 0.6 4 FM 3.9 3.9 0.6 U 

Aroclor 1268 0.6 4 FM 3.9 3.9 0.6 U 

Total Aroclor 130 
38 

mg/kg 
TOC FM 3.9 

0.27 
mg/kg 

TOC J 



Table 9. Miscellaneous Extractables

DMMP Guidelines Silverdale Dredge Material Results 

Analyte (ug/kg) MDL MRL 
Marine 

SL 
Marine 

BT Sample Result MRL MDL Qualifier 

Benzoic acid 59.1 200 650 --- BR 169 199 58.7 J 

Benzyl Alcohol 14.9 20 57 --- BR 19.9 19.9 14.8 U 

Dibenzofuran 4.6 20 540 --- BR 19.9 19.9 4.6 U 

5 5 11 --- BR 5* 5* 0.7* U 
Hexachloro-
butadiene* 

N-Nitroso-diphenyl-amine 9.6 20 28 --- BR 19.9 19.9 9.5 U 

Benzoic acid 59.1 200 650 --- FM 198 198 58.6 U 

Benzyl Alcohol 14.9 20 57 --- FM 19.8 19.8 14.8 U 

Dibenzofuran 4.6 20 540 --- FM 19.8 19.8 4.6 U 

5 5 11 --- FM 5* 5* 0.7* U 

9.6 20 28 --- FM 19.8 19.8 9.5 U 

* Hexachlorobutadiene results reported from SW8270-SIM analysis.

Table 10. Phenols

DMMP Guidelines Silverdale Dredge Material Results 

Analyte (ug/kg) MDL MRL 
Marine 

SL 
Marine 

BT Sample Result MRL MDL Qualifier 

2,4-Dimethylphenol* 26.8 25 29 --- BR 24.8* 24.8* 2.2* U 

7.8 20 63 --- BR 19.9 19.9 7.8 U 

14.7 20 670 --- BR 19.9 19.9 14.6 U 

31.3 100 400 504 BR 43.6 99.4 31.1 J 

2-Methylphenol

4-Methylphenol

Pentachlorophenol 

Phenol 8.2 20 420 --- BR 37.7 19.9 8.2 

2,4-Dimethylphenol* 26.8 25 29 --- FM 24.8* 24.8* 2.2* U 

7.8 20 63 --- FM 19.8 19.8 7.8 U 

14.7 20 670 --- FM 19.8 19.8 14.6 U 

31.3 100 400 504 FM 99.2 99.2 31 U 

2-Methylphenol

4-Methylphenol

Pentachlorophenol 

Phenol 8.2 20 420 --- FM 15.5 19.8 8.2 J 

 * 2,4-Dimethylphenol results reported from SW8270-SIM. 

Source:  Tables 10 and 11 from Sediment Characterization Report (MSA, 2019)

Hexachloro-
butadiene* 

N-Nitroso-diphenyl-amine



Table 11. Chlorinated Hydrocarbons

DMMP 
Guidelines Silverdale Dredge Material Results 

Analyte MDL MRL Units 
Marine 

SL 
Marine 

BT Sample Result MRL MDL Qualifier 

1,2,4-
Trichlorobenzene 

2.7 5 ug/kg 31 --- 
BR 5 5 2.7 U 

1,2-
Dichlorobenzene 

0.7 5 ug/kg 35 --- BR 5 5 0.7 U 

1,4-
Dichlorobenzene 

0.6 5 ug/kg 110 --- BR 5 5 0.6 U 

Hexachlorobenzene 0.7 5.1 ug/kg 22 168 BR 5 5 0.7 U 

1,2,4-
Trichlorobenzene 

2.7 5 ug/kg 31 --- FM 5 5 2.7 U 

1,2-
Dichlorobenzene 

0.7 5 ug/kg 35 --- FM 5 5 0.7 U 

1,4-
Dichlorobenzene 

0.6 5 ug/kg 110 --- FM 5 5 0.6 U 

Hexachlorobenzene 0.7 5.1 ug/kg 22 168 FM 5 5 0.7 U 

Source:  Table 12 from Sediment Characterization Report (MSA, 2019)



Table 12. Phthalates

DMMP Guidelines Silverdale Dredge Material Results 

Analyte MDL MRL 
Marine 

SL 
Marine 

BT Sample Result MRL MDL Qualifier 

bis(2-
Ethylhexyl) 
phthalate 

28.8 50 1,300 --- BR 49.7 49.7 28.6 U 

Butylbenzyl-
phthalate 

8 20 63 --- BR 19.9 19.9 8 U 

Diethyl 
phthalate* 

4.8 20 200 --- BR 62* 19.9* 4.8* J 

Dimethyl 
phthalate* 

1 5 71 --- BR 5* 5* 1* U 

Di-n-
Butylphthalate 

5.3 20 1,400 --- BR 19.9 19.9 5.3 U 

Di-n-
Octylphthalate 

8.7 20 6,200 --- BR 19.9 19.9 8.7 U 

28.8 50 1,300 --- FM 41.4 49.6 28.6 J 

8 20 63 --- FM 19.8 19.8 8 U 

4.8 20 200 --- FM 25.2* 19.8* 4.8* J 

1 5 71 --- FM 5* 5* 1.0* U 

5.3 20 1,400 --- FM 19.8 19.8 5.3 U 

bis(2-
Ethylhexyl) 
phthalate 
Butylbenzyl-
phthalate 
Diethyl 
phthalate* 
Dimethyl 
phthalate* 
Di-n-
Butylphthalate 
Di-n-
Octylphthalate 

8.7 20 6,200 --- FM 19.8 19.8 8.6 U 

*Diethyl phthalate and Dimethyl phthalate results reported from
SW8270-SIM analysis method.

Source:  Table 13 from Sediment Characterization Report (MSA, 2019)



Table 13. Low Molecular Weight PAHs
DMMP Guidelines Silverdale Dredge Material Results 

Analyte (ug/kg) MDL MRL Marine SL 
Marine 

BT Sample Result MRL MDL Qualifier 

5.7 20 670 --- 
BR 19.9 19.9 5.6 U 

5.1 20 500 --- BR 19.9 19.9 5.1 U 

4.8 20 560 --- BR 19.9 19.9 4.7 U 

5.9 20 960 --- BR 19.9 19.9 5.9 U 

? 20 540 --- BR 19.9 19.9 4.9 U 

2-Methylnaphthalene

Acenaphthene 

Acenaphthylene 

Anthracene 

Fluorene 

Naphthalene 5.2 20 2100 --- BR 19.9 19.9 5.2 U 

Phenanthrene 4.7 20 1,500 --- BR 19.9 19.9 4.7 U 

Total LPAH 5,200 --- BR 19.9  U 

5.7 20 670 --- FM 19.8 19.8 5.6 U 

5.1 20 500 --- FM 19.8 19.8 5.1 U 

4.8 20 560 --- FM 19.8 19.8 4.7 U 

5.9 20 960 --- FM 8.3 19.8 5.9 J 

? 20 540 --- FM 19.8 19.8 4.9 U 

5.2 20 2100 --- FM 19.8 19.8 5.2 U 

4.7 20 1,500 --- FM 30.7 19.8 4.7 

2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 

Fluorene 

Naphthalene 

Phenanthrene 

Total LPAH 5,200 --- FM 39 J 

Source:  Table 14 from Sediment Characterization Report (MSA, 2019)



Source:  Table 15 from Sediment Characterization Report (MSA, 2019)

Table 14. High Molecular Weight PAHs 

DMMP Guidelines Silverdale Dredge Material Results 

Analyte (ug/kg) MDL MRL 
Marine 

SL 
Marine 

BT Sample Result MRL MDL Qualifier 

Benzo(a)anthracene 5.2 20 1,300 --- BR 5.9 19.9 5.1 J 

Benzo(a)pyrene 6.5 20 1,600 --- BR 19.9 19.9 6.4 U 

Benzo(g,h,i) perylene 5.8 20 670 --- BR 19.9 19.9 5.8 U 
Benzo (b,j,k) 
fluoranthenes, Total 

10.2 40 3,200 --- BR 39.8 39.8 10.1 U 

Chrysene 5.2 20 1,400 --- BR 19.9 19.9 5.2 U 

Dibenzo(a,h) anthracene 6.2 20 230 --- BR 19.9 19.9 6.1 U 

Fluoranthene 4.5 20 1,700 4,600 BR 7.3 19.9 4.5 J 

Indeno(1,2,3-cd) pyrene 6 20 600 --- BR 19.9 19.9 6 U 

Pyrene 5.6 20 2,600 11,980 BR 10 19.9 5.5 J 

Total HPAH 12,000 --- BR 23.2 J 

Benzo(a)anthracene 5.2 20 1,300 --- FM 22.8 19.8 5.1 

Benzo(a)pyrene 6.5 20 1,600 --- FM 23 19.8 6.4 

Benzo(g,h,i) perylene 5.8 20 670 --- FM 22.5 19.8 5.8 
Benzo (b,j,k) 
fluoranthenes, Total 

10.2 40 3,200 --- FM 68.7 39.7 10.1 

Chrysene 5.2 20 1,400 --- FM 77.4 19.8 5.2 

Dibenzo(a,h) anthracene 6.2 20 230 --- FM 7 19.8 6.1 J 

Fluoranthene 4.5 20 1,700 4,600 FM 81.2 19.8 4.5 J 

Indeno(1,2,3-cd) pyrene 6 20 600 --- FM 20.2 19.8 5.9 

Pyrene 5.6 20 2,600 11,980 FM 81.1 19.8 5.5 

Total HPAH 12,000 --- FM 403.9  J 



Table 15. Dioxins/Furans

Boat Ramp 

Parameter TEF-M Sample 
Result 
(ng/kg) 

TEQ 
(U=0) 

TEQ 
(U=1/2 

EDL) 
DL 

(ng/kg) 
DL 

Type Qual 

2,3,7,8-TCDF 0.1 BR 0.043 0.0000 0.0022 0.043 EDL U 

2,3,7,8-TCDD 1 BR 0.046 0.0000 0.0230 0.046 EDL U 

1,2,3,7,8-PeCDF 0.03 BR 0.039 0.0012 0.0012 J 

2,3,4,7,8-PeCDF 0.3 BR 0.034 0.0000 0.0051 0.034 EDL U 

1,2,3,7,8-PeCDD 1 BR 0.055 0.0000 0.0275 0.055 EDL U 

1,2,3,4,7,8-HxCDF 0.1 BR 0.056 0.0000 0.0028 0.056 EDL U 

1,2,3,6,7,8-HxCDF 0.1 BR 0.056 0.0000 0.0028 0.056 EDL U 

2,3,4,6,7,8-HxCDF 0.1 BR 0.06 0.0000 0.0030 0.06 EDL U 

1,2,3,7,8,9-HxCDF 0.1 BR 0.061 0.0000 0.0031 0.061 EDL U 

1,2,3,4,7,8-HxCDD 0.1 BR 0.051 0.0000 0.0026 0.051 EDL U 

1,2,3,6,7,8-HxCDD 0.1 BR 0.093 0.0000 0.0050 
Not 

Reported EMPC 

1,2,3,7,8,9-HxCDD 0.1 BR 0.124 0.0000 0.0060 
Not 

Reported EMPC 

1,2,3,4,6,7,8-HpCDF 0.01 BR 0.413 0.0041 0.0041 J 

1,2,3,4,7,8,9-HpCDF 0.01 BR 0.071 0.0000 0.0004 0.071 EDL U 

1,2,3,4,6,7,8-HpCDD 0.01 BR 2.04 0.0204 0.0204 
Not 

Reported J 

OCDF 0.0003 BR 0.33 0.0001 0.0001 
Not 

Reported J 

OCDD 0.0003 BR 15.6 0.0047 0.0047 
Not 

Reported 

Boat Ramp Total TEQ 0.0305 0.1138 

Page 1 of 3Source:  Table 16 from Sediment Characterization Report (MSA, 2019)



Floating Moorage - Replicate 1

Parameter TEF-M Sample 
Result 
(ng/kg) 

TEQ 
(U=0) 

TEQ 
(U=1/2 

EDL) 
DL 

(ng/kg) 
DL 

Type Qual 

2,3,7,8-TCDF 0.1 FM 0.466 0.0466 0.0466 
Not 

Reported J 

2,3,7,8-TCDD 1 FM 0.339 0.0000 0.1695 
Not 

Reported EMPC 

1,2,3,7,8-PeCDF 0.03 FM 0.432 0.0130 0.0130 J 

2,3,4,7,8-PeCDF 0.3 FM 0.391 0.1173 0.1173 
Not 

Reported J 

1,2,3,7,8-PeCDD 1 FM 1.55 1.5500 1.5500 
Not 

Reported 

1,2,3,4,7,8-HxCDF 0.1 FM 0.996 0.0996 0.0996 
Not 

Reported 

1,2,3,6,7,8-HxCDF 0.1 FM 1.12 0.1120 0.1120 
Not 

Reported 

2,3,4,6,7,8-HxCDF 0.1 FM 1.29 0.1290 0.1290 
Not 

Reported 

1,2,3,7,8,9-HxCDF 0.1 FM 0.273 0.0000 0.0137 
Not 

Reported EMPC 

1,2,3,4,7,8-HxCDD 0.1 FM 1.41 0.1410 0.1410 
Not 

Reported 

1,2,3,6,7,8-HxCDD 0.1 FM 4.2 0.4200 0.4200 
Not 

Reported 

1,2,3,7,8,9-HxCDD 0.1 FM 3.74 0.3740 0.3740 
Not 

Reported 

1,2,3,4,6,7,8-HpCDF 0.01 FM 16.6 0.1660 0.1660 
Not 

Reported 

1,2,3,4,7,8,9-HpCDF 0.01 FM 1.15 0.0115 0.0115 
Not 

Reported 

1,2,3,4,6,7,8-HpCDD 0.01 FM 127 1.2700 1.2700 
Not 

Reported 

OCDF 0.0003 FM 52.4 0.0157 0.0157 
Not 

Reported 

OCDD 0.0003 FM 1420 0.4260 0.4260 
Not 

Reported J 

Floating Moorage Replicate 1 Total TEQ 4.8917 5.0748 

Table 15. Dioxins/Furans

Page 2 of 3Source:  Table 16 from Sediment Characterization Report (MSA, 2019)



Floating Moorage - Replicate 2 

Parameter TEF-M Sample 
Result 
(ng/kg) 

TEQ 
(U=0) 

TEQ 
(U=1/2 

EDL) 
DL 

(ng/kg) 
DL 

Type Qual 

2,3,7,8-TCDF 0.1 
FM-

DUP1 0.529 0.0529 0.0529 
Not 

Reported J 

2,3,7,8-TCDD 1 
FM-

DUP1 0.287 0.0000 0.1435 
Not 

Reported EMPC 

1,2,3,7,8-PeCDF 0.03 
FM-

DUP1 0.39 0.0117 0.0117 J 

2,3,4,7,8-PeCDF 0.3 
FM-

DUP1 0.37 0.1110 0.1110 
Not 

Reported J 

1,2,3,7,8-PeCDD 1 
FM-

DUP1 1.36 1.3600 1.3600 
Not 

Reported 

1,2,3,4,7,8-HxCDF 0.1 
FM-

DUP1 0.989 0.0989 0.0989 
Not 

Reported J 

1,2,3,6,7,8-HxCDF 0.1 
FM-

DUP1 1.16 0.1160 0.1160 
Not 

Reported 

2,3,4,6,7,8-HxCDF 0.1 
FM-

DUP1 1.29 0.1290 0.1290 
Not 

Reported 

1,2,3,7,8,9-HxCDF 0.1 
FM-

DUP1 0.267 0.0267 0.0267 
Not 

Reported J 

1,2,3,4,7,8-HxCDD 0.1 
FM-

DUP1 1.17 0.1170 0.1170 
Not 

Reported 

1,2,3,6,7,8-HxCDD 0.1 
FM-

DUP1 3.37 0.3370 0.3370 
Not 

Reported 

1,2,3,7,8,9-HxCDD 0.1 
FM-

DUP1 3.43 0.3430 0.3430 
Not 

Reported 

1,2,3,4,6,7,8-HpCDF 0.01 
FM-

DUP1 16 0.1600 0.1600 
Not 

Reported 

1,2,3,4,7,8,9-HpCDF 0.01 
FM-

DUP1 1.19 0.0119 0.0119 
Not 

Reported 

1,2,3,4,6,7,8-HpCDD 0.01 
FM-

DUP1 103 1.0300 1.0300 
Not 

Reported 

OCDF 0.0003 
FM-

DUP1 52.4 0.0157 0.0157 
Not 

Reported 

OCDD 0.0003 
FM-

DUP1 1030 0.3090 0.3090 
Not 

Reported *, B 

Floating Moorage Replicate 2 Total TEQ 4.2298 4.3733 

* Values outside of QC limit

Table 15. Dioxins/Furans

Page 3 of 3Source:  Table 16 from Sediment Characterization Report (MSA, 2019)



Table 16. Department of Ecology Sediment Management Standards for TOC Normalized Parameters

Boat Ramp (2.43 % TOC) Floating Moorage (1.44% TOC) 

Chemical Parameter 

SQS 
mg/kg 

TOC 
(ppm) 

Result (ppb) 
mg/kg OC 

norm (ppm) 
Result (ppb) 

mg/kg 
OC 

norm 
(ppm) 

Total LMW PAHs 370 19.9 U 0.82 39 J 2.71 

Naphthalene 99 19.9 U 0.82 19.8 U 1.38 

Acenaphthylene 66 19.9 U 0.82 19.8 U 1.38 

Acenaphthene 16 19.9 U 0.82 19.8 U 1.38 

Fluorene 23 19.9 U 0.82 19.8 U 1.38 

Phenanthrene 100 19.9 U 0.82 30.7 2.13 

Anthracene 220 19.9 U 0.82 8.3 J 0.58 

2-Methylnaphthalene 38 19.9 U 0.82 19.8 U 1.38 

Total HMW PAHs 960 23.2 J 0.95 403.9 J 28.05 

Fluoranthene 160 7.3 J 0.30 81.2 5.64 

Pyrene 1000 10 J 0.41 81.1 5.63 

Benzo(a)anthracene 110 5.9 J 0.24 22.8 1.58 

Chrysene 110 19.9 U 0.82 77.4 5.38 

Total benzofluoranthenes 230 39.8 U 1.64 68.7 4.77 

Benzo(a)pyrene 99 19.9 U 0.82 23 1.60 

Indeno(1,2,3-cd)pyrene 34 19.9 U 0.82 20.2 1.40 

Dibenz(a,h)anthracene 12 19.9 U 0.82 7 J 0.49 

Benzo(g,h,i)perylene 31 19.9 U 0.82 22.5 1.56 

1,2-Dichlorobenzene 2.3 5 U 0.21 5 U 0.35 

1,4-Dichlorobenzene 3.1 5 U 0.21 5 U 0.35 

1,2,4-Trichlorobenzene 0.81 5 U 0.21 5 U 0.35 

Hexachlorobenzene 0.38 5 U 0.21 5 U 0.35 

Dimethyl Phthalate 53 5 U 0.21 5 U 0.35 

Diethyl Phthalate 61 62 2.55 25.2 1.75 

Di-n-butyl Phthalate 220 19.9 U 0.82 19.8 U 1.38 

Butyl Benzyl Phthalate 4.9 19.9 U 0.82 19.8 U 1.38 

Bis(2-ethylhexyl) Phthalate 47 49.7 U 2.05 41.4 J 2.88 

Di-n-octyl Phthalate 58 19.9 U 0.82 19.8 U 1.38 

Dibenzofuran 15 1.9 U 0.08 19.8 U 1.38 

Hexachlorobutadiene 3.9 5 U 0.21 5 U 0.35 

N-Nitrosodiphenylamine 11 1.9 U 0.08 19.8 U 1.38 

Total PCBs 12 4 U 0.16 3.9  J 0.27 

Source:  Table 19 from Sediment Characterization Report (MSA, 2019)
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