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1 INTRODUCTION 
This Data Report (Report) presents the results of sediment characterization conducted for the 
Kenmore federal navigation channel at Kenmore, Washington.  Sediment samples were 
collected from Kenmore (Figure 1-1), and submitted for conventional and chemical analyses in 
accordance with the approved Sampling and Analysis Plan (SAP).  The SAP (Appendix A) 
described the overall sampling strategy, sediment collection methods, chemical testing 
methods, and data reporting requirements for the dredged material characterization.  

In addition to the results of the sampling and analyses, this Report discusses where and why 
additions/deviations from the SAP occurred, quality assurance and quality control measures 
undertaken, reviews and validation of the data, and the collected field and laboratory data. 

This sediment characterization effort was conducted by a team led by Dalton, Olmsted and 
Fuglevand Inc. (DOF), Science and Engineering for the Environment (SEE), Marine Sampling 
Systems (MSS), Pyron Environmental (Pyron), Analytical Resources Inc. (ARI), and Exa Data 
Services (Exa).  Work was conducted for the U.S. Army Corps of Engineers (USACE), Seattle 
District.  The USACE and the other Dredged Material Management Program (DMMP) 
Agencies1 approved the Sampling and Analysis Plan (SAP).   

1.1 PROJECT DESCRIPTION 
The USACE is responsible for maintenance dredging of the federal navigation project at 
Kenmore (Figure 1-1).  The authorized depth of the channel is minus 15-feet LWLW (Lake 
Washington Low Water datum), with an allowance for one foot of advanced maintenance and 
one foot of overdepth dredging.  Thus, the total characterization depth for this project is -17 ft 
LWLW. 

A bathymetric survey was conducted by the Corps in April 2014.  As part of the preparation of 
this SAP, DOF/SEE were provided the hydrosurvey data (Figure 1-1) and recalculated the 
volumes of material required to dredge to the authorized federal channel depth, with one foot of 
advanced maintenance and one foot of over-depth.  To account for the uncertainty as to the 
final volume of material that will be dredged, the DMMP required that a 30% contingency   be 
added to the 2014 estimated dredged material volume. That recalculated volume, and the 
assigned Dredged Material Management Units (DMMUs), are given in Table 1-1.  The process 
for determining the dredged material volume, and the samples required to characterize the 
sediments in those DMMUs were described in detail in Section 4.1 of the SAP. 

Material dredged from the Kenmore Channel that is found suitable for unconfined open water 
disposal will be disposed of at the Elliott Bay non-dispersive open-water disposal site.  As such, 
the results of the analytical characterization of the dredge prism material are compared to the 
DMMP Marine Guideline Values (Section 4). In addition to characterizing the dredged material, 

1 The agencies that jointly manage the Dredged Material Management Program (DMMP) in Washington State 
include the U.S. Army Corps of Engineers, the U.S. Environmental Protection Agency, and the Washington 
Departments of Ecology and Natural Resources. 
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the z-layer, the sediment that will be exposed after removal of the dredge prism was assessed for 
Washington State’s anti-degradation compliance determination. The z-layer sediments were 
analyzed separately for the chemicals listed in the Washington State Sediment Management 
Standards (SMS) Freshwater Sediment Chemical Criteria (WAC 173-204-563).  The results of 
the chemical analyses for the z-layer material were compared to the Freshwater Sediment 
Chemical Criteria (Section 4).  

The sampling approach utilized a modified tiered strategy for biological testing, in which 
chemical testing is first conducted, and bioassays are performed on a DMMU only if the 
DMMU has one or more chemicals exceeding the marine chemical screening levels (SLs).  
Freshwater biological testing was necessary to fully evaluate anti-degradation compliance 
where the analytical results for the z-layer exceed the Freshwater Standards.  Results of the 
biological testing are discussed in Section 5. 

The purpose of this report is to provide the data required by the Dredged Material Management 
Program (DMMP) agencies to make a determination regarding the suitability of the proposed 
dredged material for disposal at the Elliott Bay non-dispersive open-water disposal site.    

1.2 REPORT ORGANIZATION 
This report is organized by sections as follows: 

• Section 1.0 – Introduction  
• Section 2.0 – Field and Laboratory Methods 
• Section 3.0 – Summary of Data Validation Findings 
• Section 4.0 – Analytical Results 
• Section 5.0 – Biological Testing Results 
• Section 6.0 – References 
• Appendix A – Sampling and Analysis Plan 
• Appendix B – Daily Report Logs 
• Appendix C – Sediment Drive Logs 
• Appendix D – Field and Lab Notebook 
• Appendix E – Sediment Core Logs 
• Appendix F – Sediment Core Photographs 
• Appendix G – Chain-of-Custody Forms 
• Appendix H – ARI Data Reports 
• Appendix I  – Data Validation Report 
• Appendix J  – Validated Analytical Data 
• Appendix K – EIM Deliverable 
• Appendix L – Puget Sound Standard Reference Material Results 
• Appendix M – Biological Testing Results and Validation Report 
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Table 1-1   Kenmore DMMU Estimated Volumes and Volumes with Contingency Factor 

DMMU 1 
DMMU Volume (cy) 

2014 Hydrosurvey Estimated Volume 2 Contingency Factor 3 Final DMMU Volume 

KEN-01 2877 30% 3750 
KEN-02 2839 30% 3700 
KEN-03 2907 30% 3800 
KEN-04 2862 30% 3750 
KEN-05 2830 30% 3700 
KEN-06 2929 30% 3800 
KEN-07 2891 30% 3750 
KEN-08 2872 30% 3750 
Notes: 
1. DMMUs are numbered sequentially from north-to-south

2. Volume estimated based on the federal navigation channel boundaries, a total dredge depth to -17 ft LWLW, and a 1V:2H side slope

3. Contingency factor calculated based on a conservative target dredged volume of 30,000 cy, divided by the estimated volume from the 2014 survey
4. All final DMMU volume quantities are rounded to the nearest 50 cy.  All estimated volumes are rounded to the nearest 1 cy.
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2 METHODS 
The sampling and analysis activities were conducted according to the procedures defined in the 
Sampling and Analysis Plan for the Kenmore Federal Navigation Project Dredged Material 
Characterization (SAP; DOF/SEE 2014). The SAP, which is provided as Appendix A to this 
report, provides the background, sampling strategy, targeted sample locations, procedures for 
collecting and compositing the sediments to be characterized, procedures for analyzing the 
sediments, and data reporting requirements. The SAP was written to ensure that the collection, 
handling, and analysis of representative sediments fully characterize the sediments in 
accordance with the DMMP User Manual (2014) and quality assurance/quality control 
(QA/QC) requirements (USACE 1994). The SAP also reflects modifications made through the 
DMMP annual review process (Sediment Management Annual Review Meetings [SMARM] 
updates). 

The SAP was approved by the USACE, Dredged Material Management Office (DMMO), and 
the Navigation Section, Seattle District, in coordination with the other DMMP agencies prior to 
sample collection. Changes to the SAP program are discussed in this section.  

The SAP included 16 unique sediment core locations within the boundaries of four Dredged 
Material Management Units (DMMU) where vibracores were collected (Figure 2-1). As will be 
discussed in more detail, below, at total of 18 cores were collected. Field activities are 
documented in the daily reports found in Appendix B.  

2.1 SAMPLING VESSEL, NAVIGATION AND POSITIONING 
Sediment cores and reference sediment grab samples were collected aboard the R/V Peter R, 
owned and operated by Marine Sampling Services. Sediment sampling occurred on July 10 – 
12, 2014. For core collection at Kenmore, the R/V Peter R was outfitted with a hydraulically 
actuated vibracore. A Trimble AG132 DGPS utilizing the U.S. Coast Guard differential signal 
from Seattle, WA was used for positioning. The receiver is located on the top of the A-frame of 
the R/V Peter R so that when the vibracore is deployed the unit is directly over the sampling 
location.  The differential signal was interfaced to a computer running software enabling real-
time plan view navigation to the required sampling stations, and the recording of the sampling 
point at the time of collection (Table 2-1). Station coordinates were digitally recorded, as well 
as written in the drive logs and/or field logs at the time of collection of each sample (Appendix 
C and D). All station coordinates were recorded in latitude and longitude as decimal minutes 
with a minimum precision of four (4) decimal places2 using the North American Datum of 
1983 (NAD 83). 

Daily horizontal control checks were made at two points:  a green navigational buoy that marks 
the channel west of Harbor Village Marina, and the southeast corner of the Harbor Village 
Marina day pier. All navigation checks were within ± 3 ft of the reported coordinates on the 
Kenmore navigation charts. 

2 The DMMP standard and Performance Work Statement requirement of recording decimal-degrees to six (6) 
decimal places is equivalent to degree decimal-minutes to four (4) decimal places. 
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Vertical control was based on the reported real-time operating lake levels maintained by the 
Corps for Lake Washington at the Kenmore Gage3. The SAP stated that this gage reports Lake 
Washington elevations in feet above Lake Washington Low Water datum (LWLW).  In a closer 
evaluation with the Corps’ Contract Technical Representative (CTR) and the DMMP, it was 
determined that the lake levels provided on the Corps’ website are referenced to the Hiram 
Chittenden Locks; which is equivalent to the Corps’ Datum for Lake Washington.   To correct 
the elevations to the LWLW datum was based then on the following formula: 

Mudline Elevation (LWLW) = Reported Lake Level (Corps’ Datum) – measured water depth – 
20 ft. 

The corresponding water depths (depth to mudline) were confirmed at each station with a direct 
lead-line reading and corrected to LWLW using the Lake Washington elevation. Throughout 
the sampling period, the lake level fluctuated between 21.85 – 21.92 (Corps’ Datum). All 
elevations were converted to LWLW using an average lake level of 21.9 ft.  Depth-to-mudline 
and LWLW-corrected elevations were recorded on the drive log and in the field log (Appendix 
C and D). 

2.2 CORE LOCATIONS 
A total of 16 unique core locations were identified in the SAP to be composited into eight 
DMMU composites, and eight z-layer composite samples.  Actual core locations, date, time of 
collection, and mudline elevation are given in Table 2-1.  The planned and actual core locations 
are shown in Figure 2-1.  

Table 2-1 also provides the core drive length, penetration and acquisition, and percent recovery.  
All cores achieved the required penetration elevation of at least -19.0 ft LWLW (Table 2-1).  
However, acquisition of cores with the minimum percent recovery of 75% was challenging due 
to a variety of unexpected conditions, including woody debris in the sediment column, and in 
some cases due to poor retention of native glacial clays below the dredge prism. Multiple 
attempts were made at 8 locations before acceptable cores were collected. A total of the 32 core 
attempts were made; of these 24 attempts had less than 75% recovery. Following the SAP, if a 
successful core was not collected after three tries the CTR was contacted immediately for 
advice on where to move the sample location to.   

After three or more attempts, and in consultation with the CTR, the following stations were 
accepted with less than the target percent recovery: KEN02-3 Core 4 (71%), KEN02-4 Core 4 
(69%), KEN02-4 Core 5 (73%), KEN05-10 Core 4 (66%), and KEN08-16 Core 3 (66%).  
Native glacial clay was encountered below the dredge prism at two core locations that likely 
influenced percent recovery: KEN04-7 Core 1 (67%) and KEN07-13 Core 2 (67%).  The clay 
was very hard and dense, capable of standing on end in one-foot sections from the tube.  The 
CTR was unavailable on the afternoon of July 11 when this was encountered at  KEN02-13.  A 
field-decision was made to accept cores with substantive blue clay in the core catcher, and was 

3 Those water elevations are reported hourly by the Corps on the internet at http://www.nwd-
wc.usace.army.mil/nws/hh/www/index.html#. 
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reported in the 7/11/2014 Daily Report.  The native blue clay in the z-layer was again 
encountered when collecting at KEN04-7 on 7/12/2014, so that core was accepted after one 
attempt. 

Cores initially collected on the first day of sampling at DMMU KEN02 Stations 3 and 4 had 
poor recoveries (<53%) after three attempts.  At these stations a high degree of matted woody 
debris was encountered, which may have contributed to the low recoveries. In consultation with 
the CTR, those stations were moved in an attempt to improve recoveries (Figure 2-1).  The 
recoveries on the subsequent (fourth) attempt were 71 and 69%, respectively.  Those two cores 
were then retained for further processing.  On the last day of sampling, KEN02 Stations 3 and 4 
were re-occupied in an attempt to get improved recovery.  On the fifth attempt at these two 
locations, the percent recoveries had improved to 94 and 73%, respectively.  In consultation 
with the CTR, all four cores collected at DMMU KEN02 were retained for logging and 
compositing (Table 2-1).    

2.3 CORE LOGS AND COMPOSITING 
At the end of each sampling day the cores were transferred to ARI on ice, and held upright at 4⁰ 
C until processing.  Core processing at ARI began on July14th and was completed on July 16th.   

Prior to splitting the cores for processing, each core tube was re-measured for length and then 
weighed to get a field measure of bulk density.  The method for calculating the wet bulk 
density is given in Section 4.4 of the SAP. While the SAP only required one of the core tubes 
per DMMU, all core tubes (with the exceptions of KEN01-1 and KEN03-5) were re-measured 
and weighed.  Those weights, measures, and the estimated field bulk densities are given in 
Table 2-2. 

Cores were processed by scoring the outside of the aluminum tube using a power saw, then 
split by drawing a knife through the middle of the core.  All cores were photographed, logged 
for major lithological features, and classified according to the Unified Soil Classification 
System. Core processing logs are in Appendix E, and will be discussed further in Section 3. 
Core photographs are in Appendix F. 

Sediment cores were processed as described in Sections 4.4 and 4.5 of the SAP. Sampling 
intervals and samples collected for all cores and DMMUs are given in Table 2-3. For each 
DMMU, a sulfide sample was taken from the first core opened representing the DMMU.  The 
sulfide sample was taken from the entire length of the core representing the dredged material 
(mudline to -17 ft LWLW), and then fixed with zinc acetate.  For each core, a separate 8 oz. 
archived sample was collected from the dredged material (mudline to -17 ft LWLW) and the z-
sample (-17 to -19 ft LWLW).  After completion of the individual core subsampling each 
sediment core was the strata to be composited.    Once all cores were subsampled, the 
composite was mixed to uniform color and texture, placed in sample jars and then held on ice 
until final delivery to ARI. 

Samples collected and delivered to ARI are listed in Table 2-4. Available sediment volume in 
the cores was an issue for compositing, especially in the z-layer. Each foot of core tube 
provides approximately 2 L of material.  With two cores per DMMU and only two-feet of z-
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layer, the maximum available volume was 8 L.  During the development of the SAP additional 
analyses and procedures were identified that required a total volume of approximately 9.5 L.  
This included up to a full liter of material to extract ammonia and sulfide porewater for 
analysis, additional bioassay beakers that might be needed for potential salinity acclimatization, 
and replicate bioassay beakers for measuring ammonia and sulfides in the overlying water.   
After consultation with the CTR it was decided that for z-samples with insufficient sediment to 
collect all the required samples, the composite z-layer chemistry archive and the wood waste 
samples would not be collected.  

All four cores collected at DMMU KEN02 were processed to provide for additional volume in 
the z-layer and enough material for a field duplicate.  Individual subsamples were collected 
from all four cores and intervals (dredged material and z-layer) for KEN02. 

A field duplicate of the KEN02 DMMP-characterization material was submitted blind to the 
lab as KEN09 C 07122014. The field duplicate samples were taken from the same composite 
mixture as KEN02.  

A field grain size characterization was conducted from each DMMU composite. Approximately 
100 g of the composited sediment was weighed on a scale and washed through a size 4 ф (62 
µm) sieve. The fraction retained on the sieve, representing the sand fraction, was then re-
weighed and converted to a percentage by dividing the weight of the retained sand by the pre-
wash weighed mass. The percentage of fines (silts plus clays) was then calculated by 
subtracting the percentage of sand fraction from 100.  Results of the field grain size measures 
are given in Table 2-5. 

2.4 LABORATORY METHODS 
Samples were transferred under Chain-of-Custody (Appendix G) to Analytical Resources Inc.  
With the exceptions described in Section 3, sediment samples were analyzed in accordance 
with the methods and procedures prescribed in the SAP.   

2.5 BIOASSAYS 
Bioassays were required for this characterization.  As will be discussed further in Section 3, 
some DMMP Chemicals of Concern were above DMMP Screening Level guideline values and 
the Washington State Freshwater Sediment Management Standards.  Bioassays are discussed in 
Section 4. 
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Table 2-1 Kenmore Core Locations, Surface and Drive Elevations, Penetration, Acquisition and Percent Recovery 

DMMU Station Core Date Time 
Latitude  Longitude Measured Water Depth Mudline Elevation 1  Penetration Acquisition  Recovery Acquisition 

Elevation 2 Accept/Reject 

NAD 1983 (ft) (LWLW) (ft) (ft) (%) (LWLW)   
KEN01 1 1 7/10/2014 9:38:43 47 45.33561 122 15.54782 15.4 -13.5 7 4.8 69% -18.3 Reject 
KEN01 1 2 7/10/2014 10:14:47 47 45.33564 122 15.54685 16.7 -14.8 7 4.1 59% -18.9 Reject 
KEN01 1 3 7/10/2014 11:16:34 47 45.33528 122 15.54705 16.3 -14.4 7 5.4 77% -19.8 Accept 
KEN01 2 1 7/10/2014 11:56:09 47 45.30411 122 15.62635 15.9 -14 7 3.4 49% -17.4 Reject 
KEN01 2 2 7/10/2014 12:18:36 47 45.30376 122 15.62796 15.9 -14 5.9 5.3 90% -19.3 Accept 
KEN02 3 1 7/10/2014 13:09:26 47 45.28822 122 15.66511 15.5 -13.6 7 2.5 36% -16.1 Reject 
KEN02 3 2 7/10/2014 13:46:15 47 45.28778 122 15.66558 15.5 -13.6 7 3 43% -16.6 Reject 
KEN02 3 3 7/10/2014 14:17:53 47 45.28668 122 15.66317 15.9 -14 7 3.7 53% -17.7 Reject 
KEN02 3 4 7/10/2014 14:59:25 47 45.28485 122 15.65951 18.4 -16.5 7 5 71% -21.5 Accept 
KEN02 3 5 (3) 7/12/2014 13:22:03 47 45.28747 122 15.66454 15 -13.1 7 6.6 94% -19.7 Accept 
KEN02 4 1 7/10/2014 16:04:38 47 45.26832 122 15.63726 15.9 -14 7 1.8 26% -15.8 Reject 
KEN02 4 2 7/10/2014 16:46:41 47 45.26851 122 15.63590 15.7 -13.8 7 2.8 40% -16.6 Reject 
KEN02 4 3 7/10/2014 17:32:19 47 45.27010 122 15.63865 17.8 -15.9 7 3.2 46% -19.1 Reject 
KEN02 4 4 7/10/2014 18:56:03 47 45.26290 122 15.64437 15.5 -13.6 7 4.8 69% -18.4 Accept 
KEN02 4 5 (3) 7/12/2014 13:52:24 47 45.26895 122 15.63707 15.4 -13.5 7 5.1 73% -18.6 Accept 
KEN03 5 1 7/12/2014 12:42:37 47 45.26392 122 15.69121 15.6 -13.7 7 6.4 91% -20.1 Accept 
KEN03 6 1 7/12/2014 11:54:58 47 45.24994 122 15.66757 15.2 -13.3 7 7.3 104% -20.6 Accept 
KEN04 7 1 7/12/2014 11:05:42 47 45.23729 122 15.68710 13.8 -11.9 9 6 67% -17.9 Accept 
KEN04 8 1 7/12/2014 10:15:46 47 45.22396 122 15.73117 16.4 -14.5 7 5.9 84% -20.4 Accept 
KEN05 9 1 7/12/2014 9:37:08 47 45.20996 122 15.74528 16.9 -15 6.7 5.6 84% -20.6 Accept 
KEN05 10 1 7/11/2014 17:44:27 47 45.20102 122 15.72655 13.8 -11.9 9 0 0% -11.9 Reject 
KEN05 10 2 7/11/2014 18:20:21 47 45.20218 122 15.72694 14.1 -12.2 9 4.9 54% -17.1 Reject 
KEN05 10 3 7/11/2014 19:06:15 47 45.20300 122 15.72994 14.9 -13 9 5.4 60% -18.4 Reject 
KEN05 10 4 7/12/2014 8:56:42 47 45.20220 122 15.73010 15.2 -13.3 9 5.9 66% -19.2 Accept 
KEN06 11 1 7/11/2014 14:31:42 47 45.19392 122 15.76004 16.5 -14.6 7 5 71% -19.6 Accept 
KEN06 12 1 7/11/2014 15:13:10 47 45.17992 122 15.75057 14.7 -12.8 9 7.4 82% -20.2 Accept 
KEN07 13 1 7/11/2014 13:16:15 47 45.16717 122 15.78745 16.8 -14.9 7 4.5 64% -19.4 Reject 
KEN07 13 2 7/11/2014 13:58:32 47 45.16760 122 15.78793 16.4 -14.5 7 4.7 67% -19.2 Accept 
KEN07 14 1 7/11/2014 12:41:08 47 45.15474 122 15.77536 15.7 -13.8 7 6.8 97% -20.6 Accept 
KEN08 15 1 7/11/2014 10:16:39 47 45.13614 122 15.79381 15.7 -13.8 6.7 4.5 67% -18.3 Reject 
KEN08 15 2 7/11/2014 11:57:49 47 45.13618 122 15.79274 14.4 -12.5 7 6.4 91% -18.9 Accept 
KEN08 16 1 7/11/2014 9:17:28 47 45.11369 122 15.84462 16.6 -14.7 7 4.5 64% -19.2 Reject 
KEN08 16 2 7/11/2014 9:44:48 47 45.11434 122 15.84522 15.9 -14 7 4.3 61% -18.3 Reject 
KEN08 16 3 7/11/2014 17:08:18 47 45.11386 122 15.84511 16.4 -14.5 7 4.6 66% -19.1 Accept 
Notes: 

 
32 

      
Average of accepted cores 80% 

  1 Lake Elevation-corrected.  During the sample period the reported Lake Washington levels were 21.85 - 21.92 ft LWLW.  These calculations are based on an average of 21.9 ft LWLW. 
2 Penetration elevation = mudline elevation – length of acquired core; the target acquisition elevation was -17 ft LWLW; sediment collected deeper than this elevation was discarded during processing. 
3 Two additional cores were collected at DMMU KEN02. These were identified as KEN02-3 Core 5, and KEN02-4 Core 5.  See Daily Monitoring Report 07122014 

 
Green highlight indicates that core was accepted for processing 

       
 

ft = feet 
 

LWLW = Lake Washington Low Water Datum 
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Table 2-2 Kenmore Field Bulk Density Measures 

DMMU Station Core Tube Interval (ft) (1) Weight (lbs) Wet Sediment Density (lbs/ft3) 2 

KEN01 1 3 Data not taken --- 
KEN01 2 2 0 – 5.50  38.0 73.46 
KEN02 3 4 0 – 3.95 32.0 80.97 
KEN02 3 5 0 – 6.25 46.0 71.31 
KEN02 4 4 0 – 4.20 30.0 68.48 
KEN02 4 5 0 – 4.90 37.0 73.80 
KEN03 5 1 Data not taken --- 
KEN03 6 1 0 – 7.50 49.0 60.5 
KEN04 7 1 0 – 5.65 44.0 76.9 
KEN04 8 1 0 – 5.75 46.0 79.7 
KEN05 9 1 0 – 5.35 47.0 89.9 
KEN05 10 4 0 – 5.35 41.0 75.3 
KEN06 11 1 0 – 4.75 36.0 74.2 
KEN06 12 1 0 – 3.95 30.0 74.4 
KEN06 12 1 3.95 – 7.35 30.0 90.4 
KEN07 13 2 0 – 4.40 36.0 82.0 
KEN07 14 1 0 – 6.45 51.0 78.4 
KEN08 15 2 0 – 6.30 49.0 76.8 
KEN08 16 3 0 – 4.35 34.0 77.3 
Notes: 
1. Tube interval based on depth below mudline (0) 
2. The weight of the aluminum tube is 1.89 lbs/linear foot. The weight of the tube (length x 1.89 lb/ft) is 

subtracted from the total measured weight to calculate the bulk density. 
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Table 2-3 Kenmore Core Sampling Intervals 

DMMU Station Core 

Dredged Material Sampling Z-layer Sampling 

Mudline 
Elevation 1  

Design 
Elevation 

Sampling 
Interval (2) 

Design 
Elevation  

Bottom Z-
layer  

Sampling 
Interval (2) 

(ft LWLW) (ft LWLW) (ft) (ft LWLW) (ft LWLW) (ft) 
KEN01 1 3 -14.4 -17.0 0 - 2.6 -17.0 -19.0 2.6 - 4.6 
KEN01 2 2 -14.0 -17.0 0 - 3.0 -17.0 -19.0 3.0 - 5.0 
KEN02 3 4 -16.5 -17.0 0 - 0.5 -17.0 -19.0 0.5 - 2.5 
KEN02 3 5 (3) -13.1 -17.0 0 - 3.9 -17.0 -19.0 3.9 - 5.9 
KEN02 4 4 -13.6 -17.0 0 - 3.4 -17.0 -18.4 3.4 - 4.4 
KEN02 4 5 (3) -13.5 -17.0 0 - 3.5 -17.0 -18.6 3.5 - 4.6 
KEN03 5 1 -13.7 -17.0 0 - 3.3 -17.0 -19.0 3.3 - 5.3 
KEN03 6 1 -13.3 -17.0 0 - 3.7 -17.0 -19.0 3.7 - 5.7 
KEN04 7 1 -11.9 -17.0 0 - 5.1 -17.0 -17.9 5.1 – 0.9 
KEN04 8 1 -14.5 -17.0 0 - 2.5 -17.0 -19.0 2.5 - 4.5 
KEN05 9 1 -15.0 -17.0 0 - 2.0 -17.0 -19.0 2.0 - 4.0 
KEN05 10 4 -13.3 -17.0 0 - 3.7 -17.0 -19.0 3.7 - 5.7 
KEN06 11 1 -14.6 -17.0 0 - 2.4 -17.0 -19.0 2.4 - 4.4 
KEN06 12 1 -12.8 -17.0 0 - 4.2 -17.0 -19.0 4.2 - 6.2 
KEN07 13 2 -14.5 -17.0 0 - 2.5 -17.0 -19.0 2.5 - 4.5 
KEN07 14 1 -13.8 -17.0 0 - 3.2 -17.0 -19.0 3.2 - 5.2 
KEN08 15 2 -12.5 -17.0 0 - 4.5 -17.0 -18.9 4.5 - 6.4 
KEN08 16 3 -14.5 -17.0 0 - 2.5 -17.0 -19.0 2.5 - 4.5 
Notes: 

        1 Lake Elevation-corrected.  During the sample period the reported Lake Washington levels were 21.85 - 21.92.  
These calculations are based on an average of 21.9 ft. 

2 Sampling Interval represents the feet below the mudline (0). For the z-layer samples, the interval began at the 
bottom of the dredged material sample. 

3 Two additional cores were collected at DMMU KEN02. These were identified as KEN02-3 Core 5, and 
KEN02-4 Core 5.  See Daily Monitoring Report 07122014 

 
ft = feet 

       
 

LWLW = Lake Washington Low Water Datum 
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Table 2-4 Kenmore Sample Inventory 

Sample ID 

Samples Delivered to ARI 

G
ra

in
 S

iz
e 

C
on

ve
nt

io
na

ls
 

M
et

al
s 

SV
O

C
s/

Pe
st

/ 
PC

B
s 

T
B

T
 (p

or
ew

at
er

) 

D
io

xi
ns

 

M
S/

M
SD

 

PB
D

E
 

T
PH

 

W
oo

d 
W

as
te

 

T
ot

al
 S

ul
fid

es
 (d

is
cr

et
e)

 1  

Su
lfi

de
s C

om
po

si
te

  
D

ay
 0

 

Su
lfi

de
s C

om
po

si
te

 D
ay

 2
1 

Su
lfi

de
s p

or
ew

at
er

 D
ay

 2
1 

A
m

m
on

ia
 C

om
po

si
te

 D
ay

 0
 

A
m

m
on

ia
 C

om
po

si
te

 D
ay

 2
1 

A
m

m
on

ia
 P

or
ew

at
er

 D
ay

 2
1 

T
em

pe
ra

tu
re

, p
H

 a
nd

 sa
lin

ity
 

po
re

w
at

er
  

D
ay

 2
1 

M
ar

in
e 

B
io

as
sa

y 
2  

Fr
es

hw
at

er
 B

io
as

sa
y 

2  

In
di

vi
du

al
 C

or
e 

C
he

m
is

tr
y 

A
rc

hi
ve

  
(a

ll 
co

re
s)

 

C
om

po
si

te
 A

rc
hi

ve
 

KEN01 C 07102014       ---  --- A Core 1        8 L --- A A 
KEN01 Z 07102014       --- A  --- ---        --- < 5 L A --- 
KEN02 C 07102014       ---  --- A Core 3        7 L --- A A 
KEN02 Z 07102014       --- A   --- ---        --- 7 L A A 
KEN03 C 07112014         --- A Core 5        6 L  --- A A 
KEN03 Z 07112014       --- A   --- ---        --- 5 L A i.s. 
KEN04 C 07122014       --- A --- A Core 7        8 L --- A A 
KEN04 Z 07122014       --- A   --- ---        --- 2 L A i.s. 
KEN05 C 07122014       --- A --- A Core 9        7 L --- A A 
KEN05 Z 07122014       --- A  i.s. ---        --- 3.5 L A i.s. 
KEN06 C 07112014       --- A --- A Core 11        8 L --- A A 
KEN06 Z 07112014       --- A  i.s. ---        --- 4 L A i.s. 

KEN07 C 07112014       --- not archived --- A Core 13        6 L --- A A 

KEN07 Z 07112014       --- not archived  --- ---        --- 5 L A i.s. 

KEN08 C 07112014       --- not archived --- A Core 15        4.5 L --- A A 

KEN08 Z 07112014       --- not archived  i.s. ---        --- 3.5 L A i.s. 

KEN09 C 07122014 (3)       --- A --- --- ---        --- --- --- A 

Notes: 
                      1.  Indicates the core from which the individual sulfide sample was collected.    = indicates sample submitted for analysis                 

2.  Indicates the approximate volume (L) of material archived for bioassay 
 

A = sample submitted for archiving 
          3.  KEN09 C is blind field duplicate for KEN02 C 

    
i.s. = insufficient sediment for targeted sample 

       
         

Not archived indicates samples not subsampled and archived 
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Table 2-5 Kenmore Field and Lab Grain Size Measures 
 

Grain Size 
Dredged Material Composite  

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab 

Gravel/Sand (%) 42 45.6 38 44 41 46.4 36 41.1 38 47.1 28 45.9 49 53.6 45 46.1 
Fines( %) 58 54.4 62 56 59 53.6 64 58.9 62 52.9 72 54.1 51 46.4 55 53.9 

                 

Grain Size 
Z-layer Composite 

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab Field Lab 

Gravel/Sand (%) 62 57.4 32 43.4 38 48.6 24 28.3 40 44.3 24 54.3 49 48.5 53 52.6 
Fines( %) 38 42.6 68 56.6 62 51.4 76 71.7 60 55.7 76 45.7 51 51.5 47 47.4 
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3 SUMMARY OF DATA VALIDATION FINDINGS 
All analytical data underwent the review and validation procedures defined in the SAP 
(Sections 6.4 and 6.5). Pyron Environmental conducted a Level III evaluation for metals and 
the DMMP conventional analyses. A Level IV validation was conducted for dioxins and furans, 
SVOCs, PCBs, pesticides, and polybrominated diethyl phenols (PBDE).  

All data supporting the chemical analyses are included in Appendices H through J. Appendix H 
includes the data deliverable packages from ARI.  Appendix I is the Data Validation Report 
(DVR) from Pyron.  Appendix J is an Excel spreadsheet containing all of the analytical data in 
a searchable format.  Appendix K includes the data spreadsheets for input into Ecology’s 
Environmental Information Management system (EIM) by Exa Environmental.  Appendix L 
includes the DMMP-required reporting elements for the Puget Sound Reference Material.  
Appendix L contains the deliverables required for the Puget Sound Sediment Reference 
Material. Appendices H through L are available only on the DVD submitted to the DMMP 
agencies. 

Data qualifiers assigned during validation by the validator are listed in Table 3-2 and carried 
forward into the tables in Section 4.  All data are considered to be of known quality and 
acceptable for use as qualified. The DVR includes a quality assurance review for data 
precision, accuracy, representativeness, completeness, and usability.     

3.1 SAMPLE COMPLETENESS 
Table 3-1 cross-references laboratory sample IDs with DMMU IDs and indicates the analyses 
done for each DMMU. Table 3-1 also serves as a check-list of the samples analyzed by DMMU 
composite (C and Z) and/or individual cores. With the exceptions discussed below, all samples 
were analyzed according to the PWS and the SAP.  

3.2 FIELD AND LABORATORY PRECISION 
For the Kenmore project, field duplicates were run on the dredged material composite for 
DMMU KEN02.  The field replicate was assigned the identification of KEN09.  The replicate 
sample jars were taken from the same homogenate as KEN02, and were submitted “blind” to 
ARI.  The Relative Percent Difference (RPD) of the analytical measures for both KEN02 and 
KEN09 are indicative of the combination of field and laboratory precision and sample 
homogeneity.  

The calculated RPDs for the DMMP COCs are presented in the Data Validation Report  

(Appendix I – page 45).  There are no formal criteria specified in the National Functional 
Guidelines for Data Review (EPA 2005, 2008, 2010) for field duplicate evaluation. The 
DMMP Warning and Action Limits for the standard COCs are as follows: 
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QA Element Warning Limits   Action Limits 

Precision 
Metals: none 20% RPD or COV 

Organics: 35% RPD or COV 50% COV or a factor of 2 for duplicates 
 

Pyron applied the DMMP criteria in evaluating the RPD values of sediment field duplicate 
results that were greater than five (5) times the reporting limit.  For results that were less than 
five times the reporting limit, Pyron applied a more stringent advisory criterion of ± two (2) 
times the RL to evaluate the concentration differences. The advisory criteria were set forth 
collectively in reference of common industry practices, and the criteria for laboratory duplicate 
analyses and those recommended in Naval Facilities Engineering Command Northwest 
(NAVFAC NW) Standard Operation Procedure (SOP): Field Standard Operating Procedures, 
Version 4.0. August, 2006 

With the exception of the following COCs, the majority of the COC results were within the 
advisory criteria:  

• di-n-octylphathalate (> 2X RL)  
• 4,4’DDE (>2X RL), DDD (>2X RL), DDT (>2X RL) [DDx] 
• penta, hepta, hexa, and octa dioxins and furans (RPD range 56 - 140%) 

A large divergence between the field replicates was found for the DDx compounds, and is 
discussed in more detail in Section 4. 

3.3 LAB-ASSIGNED AND FINAL DATA QUALIFIERS 
The laboratory-assigned and final validated qualifiers (VQ) assigned by Pyron may be found in 
Appendix J.  The validator did not find any reported values that required changing, but did 
modify the laboratory qualifier when any one or more of the following conditions occurred: 

• Sediment Reference Material result greater than the upper confidence limit 
• Sediment Reference Material result less than the lower confidence limit 
• Laboratory triplicate analyses percent relative standard deviation was greater than 20% 
• Laboratory duplicated analysis relative percent difference was greater than 20% 
• Matrix spike, or matrix-spike duplicate, percent recovery was less than the lower 

confidence limit 
• Continuing calibration verification percent difference was greater than the upper 

confidence limits 
• Dual column relative percent difference was greater than 40%  (pesticides and PCBs) 
• The reporting limit (RL) was raised due to chromatographic interference and is 

considered an estimated reporting limit. 
• Polychlorinated biphenyl ether interference (co‐elution) was present and affected target 

compound quantitation (false positive). 
• Field duplicate result was outside the advisory criteria 
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The data in Appendix J also includes an assigned “Do Not Report” (DNR) qualifier.  Polycyclic 
aromatic hydrocarbons were analyzed two ways: by EPA Method 8270 with the semi-volatile 
organic compounds and by SW8270D-Selective Ion Monitoring (SIM) to achieve lower 
reporting limits.  PAHs measured by both methods were valid data.  However, Pyron assigned 
the “DNR” to the results by SW8270 to ensure that the SIM-reported values with lower 
reporting limits would be used.  The semi-volatile organic compound 2,4-dimethylphenol was 
also analyzed and reported by SIM.  

As required by the PWS and SAP and DMMP guidance for reporting dioxin data (DMMP, 
2010), dioxin/furan results reported as estimated maximum possible concentrations (EMPCs) 
by the laboratory were converted by Pyron to nondetects (U) at the EMPC value.   

3.4 PUGET SOUND REFERENCE MATERIAL 
The Puget Sound Sediment Reference Material (PS-SRM) was analyzed as required for 
Aroclors and dioxin/furans.  The results were within the acceptance limits for all listed 
compounds.  Required reporting for the PS-SRM is in Appendix L.  
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Table 3-1 Inventory of Kenmore Analyzed Samples by DMMU and Method. Table includes sample identification (ID) and Lab ID. 

DMMU Sample ID Lab Sample ID 

Analyte & Method 

Total Solids TOC Grain size Ammonia in 
Sediment1 

Ammonia in 
Porewater 1,2 

Sulfide in 
Sediment1 

Sulfide  
in Porewater1  Metals Se Hg Pesticide PCBs Semivolatiles Semivolatiles 

and TBT 3 
Dioxin/ 
Furans PBDE TPH 

SM2540G PLUMB  PSEP-PS EPA350.1 EPA350.1 EPA 376.2 EPA376.2  SW6010
C EPA200 SW7471 SW8081B SW8082 SW8270D SW8270DSIM EPA 

1613B 
EPA 
1614 

NWTP
H-DX 

1 

KEN01 C 14-14038-YR82E    Day 0 
 

Day 0 
           

KEN01 C 14-14044-YR82K                  
KEN01 C 14-14295-YS21E                  
KEN01 C 14-15670-YU50A    Day 21  Day 21            
KEN01 C 14-15674-YU51A     Day 21  Day 21           
KEN01 C L21737-1 WG48247                  
KEN01 C Core 01 14-14048-YR82O      Day 0            
KEN01 Z 14-14039-YR82F    Day 0  Day 0            

KEN01 Z 14-14045-YR82L                  
KEN01 Z 14-14296-YS21F                  
KEN01 Z 14-15671-YU50B    Day 21  Day 21            
KEN01 Z 14-15675-YU51B     Day 21  Day 21           

2 

KEN02 C 14-14087-YR91C    Day 0  Day 0            
KEN02 C 14-14094-YR91J                  
KEN02 C 14-14396-YS48C                  
KEN02 C 14-15672-YU50C    Day 21  Day 21            
KEN02 C 14-15676-YU51C     Day 21  Day 21           
KEN02 C L21737-2 WG48247                  
KEN02 C Replicate 1 14-23652-ZI36A                  

KEN02 C Replicate 2 14-23652-ZI36ADUP                  

KEN02 C Replicate 3 14-26045-ZM72A                  

KEN02 C Replicate 4 14-26045-ZM72D                  

KEN02 C Replicate 5 14-26045-ZM72E                  

KEN02 C Replicate 6 14-26045-ZM72F                  

KEN02 C Core 3b 14-14099-YR91O 
14-26081-ZM72B      Day 0            

KEN02 C Core 3a 14-23653-ZI36B                  

KEN02 C Core 3b 14-18185-YZ10C                  
KEN02 C Core 4a 14-23654-ZI36C                  

KEN02 C Core 4b 14-18184-YZ10B 
14-26081-ZM72C                  

KEN02 Z 14-14088-YR91D    Day 0  Day 0            

KEN02 Z 14-14095-YR91K                  
KEN02 Z 14-14397-YS48D                  
KEN02 Z 14-15673-YU50D    Day 21  Day 21            
KEN02 Z 14-15677-YU51D     Day 21  Day 21           

3 KEN03 C 14-14085-YR91A    Day 0  Day 0            
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Table 3-1 Inventory of Kenmore Analyzed Samples by DMMU and Method. Table includes sample identification (ID) and Lab ID. 

DMMU Sample ID Lab Sample ID 

Analyte & Method 

Total Solids TOC Grain size Ammonia in 
Sediment1 

Ammonia in 
Porewater 1,2 

Sulfide in 
Sediment1 

Sulfide  
in Porewater1  Metals Se Hg Pesticide PCBs Semivolatiles Semivolatiles 

and TBT 3 
Dioxin/ 
Furans PBDE TPH 

SM2540G PLUMB  PSEP-PS EPA350.1 EPA350.1 EPA 376.2 EPA376.2  SW6010
C EPA200 SW7471 SW8081B SW8082 SW8270D SW8270DSIM EPA 

1613B 
EPA 
1614 

NWTP
H-DX 

KEN03 C 14-14092-YR91H                  
KEN03 C 14-14394-YS48A                  
KEN03 C L21737-3 WG48247                  
KEN03 C Core 05 14-14098-YR91N      Day 0            
KEN03 Z 14-14086-YR91B    Day 0  Day 0            

KEN03 Z 14-14093-YR91I                  
KEN03 Z 14-14395-YS48B                  
KEN03 Z 14-15843-YU80A    Day 21  Day 21            
KEN03 Z 14-15849-YU81A     Day 21  Day 21           

4 

KEN04 C 14-14089-YR91E    Day 0  Day 0            
KEN04 C 14-14114-YR91AC                  
KEN04 C 14-14398-YS48E                  
KEN04 C 14-15844-YU80B    Day 21  Day 21            
KEN04 C 14-15850-YU81B     Day 21  Day 21           
KEN04 C Core 07 14-14100-YR91P      Day 0            
KEN04 Z 14-14090-YR91F    Day 0  Day 0            

KEN04 Z 14-14096-YR91L                  
KEN04 Z 14-14399-YS48F                  
KEN04 Z 14-15845-YU80C    Day 21  Day 21            
KEN04 Z 14-15851-YU81C     Day 21  Day 21           

5 

KEN05 C 14-14198-YS05A    Day 0  Day 0            
KEN05 C 14-14202-YS05F                  
KEN05 C 14-14375-YS45A                  
KEN05 C 14-15847-YU80E    Day 21  Day 21            
KEN05 C 14-15853-YU81E     Day 21  Day 21           
KEN05 C Core 09 14-14206-YS05J      Day 0            
KEN05 Z 14-14199-YS05B    Day 0  Day 0            

KEN05 Z 14-14203-YS05G                  
KEN05 Z 14-14376-YS45B                  
KEN05 Z 14-15848-YU80F    Day 21  Day 21            
KEN05 Z 14-15854-YU81F     Day 21  Day 21           

6 

KEN06 C 14-14200-YS05C    Day 0  Day 0            
KEN06 C 14-14204-YS05H                  
KEN06 C 14-14377-YS45C                  
KEN06 C 14-15739-YU66E    Day 21  Day 21            
KEN06 C 14-15745-YU67E     Day 21  Day 21           
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Table 3-1 Inventory of Kenmore Analyzed Samples by DMMU and Method. Table includes sample identification (ID) and Lab ID. 

DMMU Sample ID Lab Sample ID 

Analyte & Method 

Total Solids TOC Grain size Ammonia in 
Sediment1 

Ammonia in 
Porewater 1,2 

Sulfide in 
Sediment1 

Sulfide  
in Porewater1  Metals Se Hg Pesticide PCBs Semivolatiles Semivolatiles 

and TBT 3 
Dioxin/ 
Furans PBDE TPH 

SM2540G PLUMB  PSEP-PS EPA350.1 EPA350.1 EPA 376.2 EPA376.2  SW6010
C EPA200 SW7471 SW8081B SW8082 SW8270D SW8270DSIM EPA 

1613B 
EPA 
1614 

NWTP
H-DX 

KEN06 C Core 11 14-14208-YS05L      Day 0            
KEN06 Z 14-14201-YS05D    Day 0  Day 0            

KEN06 Z 14-14205-YS05I                  
KEN06 Z 14-14378-YS45D                  
KEN06 Z 14-15740-YU66F    Day 21  Day 21            
KEN06 Z 14-15746-YU67F     Day 21  Day 21           

7 

KEN07 C 14-14036-YR82C    Day 0  Day 0            
KEN07 C 14-14042-YR82I                  
KEN07 C 14-14293-YS21C                  
KEN07 C 14-15737-YU66C    Day 21  Day 21            
KEN07 C 14-15743-YU67C     Day 21  Day 21           
KEN07 C Core 13c 14-14047-YR82N      Day 0            
KEN07 Z 14-14037-YR82D    Day 0  Day 0            

KEN07 Z 14-14043-YR82J                  
KEN07 Z 14-14294-YS21D                  
KEN07 Z 14-15738-YU66D    Day 21  Day 21            
KEN07 Z 14-15744-YU67D     Day 21  Day 21           

8 

KEN08 C 14-14034-YR82A    Day 0  Day 0            
KEN08 C 14-14040-YR82G                  
KEN08 C 14-14291-YS21A                  
KEN08 C 14-15735-YU66A    Day 21  Day 21            
KEN08 C 14-15741-YU67A     Day 21  Day 21           
KEN08 Z 14-14035-YR82B    Day 0  Day 0            

KEN08 Z 14-14041-YR82H                  
KEN08 Z 14-14292-YS21B                  
KEN08 Z 14-15736-YU66B    Day 21  Day 21            
KEN08 Z 14-15742-YU67B     Day 21  Day 21           
KEN08C  Core 15c 14-14046-YR82M      Day 0            

9 
(Field 

Replicate 
of 

KEN02) 
 

KEN09 C 14-14091-YR91G    Day 0  Day 0            
KEN09 C 14-14097-YR91M                  
KEN09 C 14-14400-YS48G                  
KEN09 C 14-15846-YU80D    Day 21  Day 21            
KEN09 C 14-15852-YU81D     Day 21  Day 21           

Notes:                        
1 “Day 0” and “Day 21” are relative dates to the time after sampling.  Actual analysis dates are given in Table 4-9         

2 Ammonia in porewater also included measures of pH, salinity and temperature              
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Table 3-1 Inventory of Kenmore Analyzed Samples by DMMU and Method. Table includes sample identification (ID) and Lab ID. 

DMMU Sample ID Lab Sample ID 

Analyte & Method 

Total Solids TOC Grain size Ammonia in 
Sediment1 

Ammonia in 
Porewater 1,2 

Sulfide in 
Sediment1 

Sulfide  
in Porewater1  Metals Se Hg Pesticide PCBs Semivolatiles Semivolatiles 

and TBT 3 
Dioxin/ 
Furans PBDE TPH 

SM2540G PLUMB  PSEP-PS EPA350.1 EPA350.1 EPA 376.2 EPA376.2  SW6010
C EPA200 SW7471 SW8081B SW8082 SW8270D SW8270DSIM EPA 

1613B 
EPA 
1614 

NWTP
H-DX 

3 SW8270D SIM was used to measure low level PAHs, 2,4-dimethylphenol, and TBT ions             
 Sample analyzed                    
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4 ANALYTICAL RESULTS 
This section summarizes chemical findings for DMMP conventionals4, standard marine and 
freshwater COCs, butyltins, dioxin/furans, PBDE, and the ammonia and sulfide pre-testing.  
For the proposed dredged material, the COCs are presented and compared to the marine SLs, 
maximum levels (ML), and bioaccumulation triggers (BT).  The z-layer results are compared to 
the Washington State freshwater Sediment Management Standards (SMS) for the anti-
degradation evaluation.  For dioxin/furans, disposal at non-dispersive sites, projects must have 
a volume weighted average of 4 parts-per-trillion (pptr) TEQ or less, with no single DMMU 
having a concentration greater than 10 pptr TEQ.  PBDE results are also presented; there are no 
interpretive guidelines for PBDEs. All analyses were conducted by ARI, except for PBDE 
analysis which was conducted by Axys Analytical of Victoria, B.C., Canada.  All data were 
validated by Pyron Environmental.  

4.1 CONVENTIONAL ANALYSES 
Grain-size, total solids, total volatile solids, and total organic carbon results for the dredged 
material composites are presented in Table 4-1. Results for the z-layer composites are given in 
Table 4-2.  Sediments in the dredged material composites were classified as sandy silts.  
Sediments in the z-layer composites were also categorized as sandy silts.  Total solids were 
relatively low in the dredged material composites, ranging from 33 – 46.5% solids.  Z-layer 
composites were somewhat higher for total solids; ranging from 41 – 62% solids.  Bulk and 
porewater ammonia and sulfides are discussed in Section 4.4.  

4.2 DMMP CHEMICALS OF CONCERN  
Results of the COC analyses for the dredged material composite are compared to the DMMP 
Guideline Values in Table 4-1. All DMMUs had levels of benzyl alcohol that exceeded the 
DMMP Screening Level (SL).  The SL for benzoic acid was exceeded at DMMU KEN08; the 
Maximum Level (ML) for benzoic acid was exceeded at KEN03. The ML for benzoic acid and 
the SL for benzoic acid were also exceeded in the KEN02-Replicate (KEN09), However, these 
exceedances were not corroborated in KEN02. The RPD between the two measures of benzoic 
acid was 46.5%. Levels of DDx compounds exceeded both the DMMP guidelines at DMMU 
KEN02, specifically for the 4,4’DDx compounds.  Levels of 4,4’ DDD (290 µg/kg), 4,4’ DDE 
(170 µg/kg), and 4,4’DDT (5,500 µg/kg) exceed the DMMP ML.  

The results of the blind field replicate for DMMU KEN02, designated as KEN02-Replicate, are 
also presented in Table 4-1.  The relative percent differences between the field replicates for the 
DMMP COCs were previously discussed in Section 3.2. The results for KEN02-Rep of 
4,4’DDD (4.3 µg/kg), 4,4’ DDE (2.7 µg/kg) and 4,4’DDT (< 1.8 µg/kg) were orders of 
magnitude lower than that reported for KEN02.  Additional studies to characterize the nature 
and extent of the apparent DDx hits are discussed further in Section 4.6. 

4  The list of conventional analyses includes total solids, total volatile solids, grain size, ammonia, TOC, and 
sulfides (DMMP 2013). 
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4.3 SMS CHEMICALS OF CONCERN 
The z-layer composites were analyzed for all of the SMS freshwater COCs as well as the 
DMMP marine COCs; the results are presented in Table 4-2.  To evaluate the potential for 
exceeding the anti-degradation requirement, Table 4-2 compares the results to the SMS 
Freshwater Sediment Cleanup Objectives (SCO) and the Cleanup Screening Levels (CSL)5 for 
those COCs for which criteria have been published.  

Nickel was the only COC that exceeded the SMS criteria, and was exceeded at all stations.  
Levels of DDx in the z-layer were well below the SQS criteria.  Z-layers with SMS 
exceedances underwent freshwater biological testing (see section 5). 

Bulk butyltins, which have freshwater SMS criteria, were not measured in this study.  The 
Performance Statement of Work from the Corps had specified porewater butyltins for the z-
layer sample, and this was reflected in the SAP.  However, there was insufficient volume of 
material in the z-layer to run the porewater analyses. 

4.4 DIOXIN/FURAN RESULTS 
Results of dioxin/furan analyses for the dredged material composite are presented in Table 4-3, 
and results for the z-layer are in Table 4-4. Toxicity Equivalents (TEQs) were calculated 
following the methodology outlined in the DMMP User Manual (USACE 2014).  For each 
station the dioxin/furan concentration was multiplied by the corresponding toxicity equivalent 
factor (TEF) and then all values were summed to yield the TEQ, with non-detect values 
summed at both 0 and ½ the reporting limit (RL).  As required by the SAP, ARI reported 
estimated maximum potential concentrations (EMPCs) for dioxin/furans.  During data 
validation EMPCs were converted to nondetects (U) at the EMPC value. Those values were 
then used to calculate TEQs in accordance with DMMP policy. 

For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr 
TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ. Disposal 
of material with more than 10 pptr TEQ or not meeting the volume weighted average of 4 pptr 
TEQ not allowed without bioaccumulation testing (DMMP, 2010). For all dredged material 
stations the TEQ is greater than the 4 pptr guideline, and is above 10 pptr TEQ in DMMUs 
KEN01, KEN02, and KEN03.   

Results of dioxin analyses in the z-layer are presented in Table 4-4.  At present, there are no 
SMS benthic criteria for dioxins.  Dioxin TEQs ranged from 1.89 (DMMU KEN01) to 10.97 
(DMMU KEN03), using the TEQ calculation method of ½ of the estimated detection limit for 
the non-detected dioxin/furans.  

5 The DMMP User Manual (2014) refers to the SCO and CSL as Screening Level 1 (SL1) and Screening Level 2 
(SL2), respectively.  Table 4-2 refers to both the SCO/SL1 and the CSL/SL2, but the criteria listed are those of 
the SMS, and not the User Manual. 
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4.5 ADDITIONAL DDX EVALUATION AT KEN02 
To further evaluate the nature and extent of the apparent DDx exceedances in the dredged 
material layer in DMMU KEN02, the DMMP elected to conduct additional investigations, 
including chemical analyses on the archived samples. Results for all analyses of DDx at 
KEN02 are presented in Table 4-5.  

As mentioned previously, a field duplicate of KEN02, KEN02-Replicate, was analyzed with 
the original samples.  The field duplicate results did not corroborate the elevated levels of DDx 
in the dredged material - the sum of DDTs at KEN02 (5,960 µg/kg) is more than two orders of 
magnitude greater than that measured in KEN02-Replicate (7 µg/kg).  Prior to additional 
chemical analyses, the analytical laboratory reviewed the results of the elevated levels of DDx 
in KEN02, and concluded that the compounds were present in the samples (Appendix H4 – 
January 12, 2015 email from ARI to USACE).   In addition to the standard QA review of the 
data, the laboratory analyzed the same sample extract used in the original analyses using a GC-
MS method, which confirmed the presence of the DDx compounds. 

With this information which appeared to confirm the elevated DDx detections in the original 
sample, additional pesticide analyses on two of the individual cores from within DMMU 
KEN02 were performed to determine if DDx was found throughout the DMMU or if it was 
concentrated on either the northern or southern side of the DMMU.  As noted previously, four 
cores were collected and contributed to the composite at KEN02;  two cores from the north side 
(3a and 3b) of the DMMU, and two cores from the south side (4a and 4b). To save project 
funds, the DMMP decided to have two of the four archived core samples analyzed (KEN02-3b 
and KEN02-4b) for the DMMP suite of chlorinated pesticides.  Results from the individual 
archive analyses for KEN02-3b and KEN02-4b showed low levels of DDx, with the highest 
value 4 µg/kg.  These results did not corroborate the original elevated results, but are similar to 
the results reported for the field replicate KEN09. 

The DMMP considered this new information, and decided that additional analyses were 
warranted to try to elucidate the apparent conflict over concentrations of DDx in the dredge 
prism.  Thus, the DMMP elected to analyze the other two archived individual core samples 
(KEN02-3a and KEN02-4a) and re-analyze in duplicate the dredged material composite sample 
KEN02.   For re-analysis of the KEN02 composite sample, two separate sediment aliquots were 
subjected to extraction, cleanup, and chemical analysis using the same methods as the original 
sample.  Results from the second two individual cores and the duplicate analyses of the 
composite were all low, below the DMMP SLs and similar to the original results from the field 
duplicate (Table 4-5).   

The aforementioned composite re-analysis samples were not taken from the original jar with 
the high DDx results, but were instead taken from the composite chemistry archive jar.  
Therefore, ARI undertook one additional set of analyses on the composite sample and on the 
archived samples for KEN02-3b and KEN02-4b (Table 4-6).  Four separate extractions were 
conducted on the composite sample that was taken from the same sample jar for which the high 
DDx levels were first reported.  Three of the composite extracts were subject to cleanup by gel 
permeation chromatography to exactly replicate the initial analysis, and one of the composite 
extracts was subjected to acid cleanup.  The two individual core archive samples were extracted 
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and also subject to acid cleanup the purpose of which was to remove any labile interference in 
the samples (Appendix H4 – January 13, 2015 email from ARI to USACE).  Acid cleanup will 
not affect the DDx, but in ARI’s experience for some sediment samples these cleanups can 
improve peak shape and result in closer correlation between dual column results. Results from 
all replicates were low, between 0.98 and 6.3 µg/kg, below the DMMP SLs and in line with all 
the previous re-analysis and re-extraction results.  Again, these results did not corroborate the 
high values reported from the original analysis of KEN02. 

Laboratory contamination by accidentally spiking the sample with a spiking solution was 
eliminated as a possible explanation of the original elevated results for the following reasons: 
1) the pesticide spiking solution contains mixtures of target pesticides, not just DDT, and no 
other pesticides were reported at elevated levels in the original sediment sample; 2) the 
pesticide breakdown standard, which contains DDD and DDE, also contains other breakdown 
products such as pentachlorophenol (PCP) and decafluorotriphenylphosphine (DFTPP), neither 
of which were detected in the GC/MS re-run of the original elevated extract; and 3) spiking 
solutions that are used are not concentrated enough to give the reported results (Appendix H4 – 
January 12, 2015 email from ARI to USACE). 

In conclusion, a total of 14 separate analyses were conducted for DDx on the samples from 
DMMU KEN02. Eight were done on the composite sample.  Of those, only the initial analysis 
for KEN02 showed the elevated levels of DDx.  In the field replicate (KEN02-Replicate), and 
the subsequent 6 re-analyses of the composite samples all levels of DDx were similarly low; 
the individual isomers were at or below 4.7 µg/kg.  Six separate analyses were conducted on 
the individual cores that made up the composite samples; the individual isomers were at or 
below 7.6 µg/kg.   The initial reported levels were not corroborated by any subsequent analysis. 

4.6 PBDE CONGENERS 
Three dredged material composite samples were analyzed for polybrominated diphenyl ether 
(PBDE) congeners using high-resolution gas chromatography/mass spectrometry (GC/MS) by 
EPA Method 1614 at Axys Analytical. These DMMUs were selected as those most closely 
approximating the locations that had the highest reported levels of DMMP COCs in the 2012 
grab sampling event (DMMP 2013b)6: DMMUs KEN01, KEN02, and KEN03. The results are 
presented in Table 4-7. 

4.7 BULK AND POREWATER AMMONIA AND SULFIDE RESULTS 
Bulk sediment ammonia and sulfide results are presented in Table 4-8. The bulk ammonia 
values in the dredged material composites ranged from 217 – 396 mg/kg for the Day 0 
measurements, and 220 – 496 for Day 21 measurements. For the z-composites the Day 0 bulk 
ammonia measurements ranged from 75 – 259 mg/kg, and the Day 21 measurements ranged 
from 76.5 – 266 mg/kg. Sulfides in the dredged material composite measured for Day 0 ranged 

6 In the 2012 sampling, the stations identified as SG05, SG06, and SG07 had levels of zinc, bis-2-
ethylhexylphthalate, phenol, benzyl alcohol and/or benzoic acid that exceeded the SL.   
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from 176 – 457 mg/kg; for Day 21 measured between 149 – 322 mg/kg.  The bulk single core 
measurements in the dredged material ranged between 166 – 500 mg/kg. 

Porewater ammonia and sulfides for the dredged material and z-layer samples are given in 
Table 4-97.  Table 4-9 also includes pH and temperature at the time of analysis, and salinity in 
the porewater sample.   For the dredged material composite the ammonia levels ranged between 
24.4 – 59.9 mg/L, while the sulfides were all undetected at 0.057 mg/L or less.  For the z-layer 
composite, the ammonia levels ranged between 6.23 – 43.9 mg/L; sulfides were undetected at 
0.05 mg/L with the exception of KEN03Z which was measured at 0.072 mg/L. 

 
 
 

7 Due to the limited volume of sediment in the KEN03 dredged material composite the CTR requested that that 
volume not be used for porewater analysis, but saved for potential bioassays. 
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Table 4-1 Dredged Material Composite Analytical Results Compared to the DMMP Chemicals of Concern Guidelines.  

Chemical 
DMMP Marine Guidelines 

Dredged Material (C) Composite 
KEN01 KEN02 KEN02 - Replicate KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 

SL BT ML Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Conventionals 
Gravel (%) --- --- --- 9.9   0.3   2.2   4.4   0.8   0.6   0.6   0.2   3.3   
Sand (%) --- --- --- 35.7   43.7   43.2   41.91   40.3   46.5   45.2   53.4   42.7   
Silt (%) --- --- --- 44.2   44.2   43.1   42.2   45.9   42.6   43.7   37.7   44.1   
Clay (%) --- --- --- 10.3   11.8   11.3   11.5   13   10.2   10.4   8.8   9.9   
Total Solids (%) --- --- --- 36.2   35.8   35.18   37.5   40.9   33   39.7   46.5   43.1   
Total Volatile Solids (%) --- --- --- 12.8   14.3   15.13   12.5   11.8   12.9   10.8   9.3   10.5   
TOC (%) --- --- --- 3.57   2.77 J 5.37 J 2.71   2.07   4.63   2.45   2.46   1.7   
Ammonia (bulk) (mg/kg - N) --- --- --- 226   218.5   220   242   258.5   432.5   297   238.5   302.5   
Sulfide (bulk - single core) (mg/kg) --- --- --- 500   456   No value   309   166   350   349   216   360   
Sulfide (bulk - composite) (mg/kg) --- --- --- 389.5   319   307   290   195   273   226.5   199.5   201.5   
Metals (mg/kg) 
Antimony 150 --- 200 2.1 J 10 UJ 1.4 J 1 J 1 J 1.3 J 0.9 J 1.5 J 1.7 J 
Arsenic 57 507.1 700 7.2 J 9.4 J 8.8 J 8.9 J 7.4 J 9.2 J 8.3 J 6.3 J 8.6 J 
Cadmium 5.1 11.3 14 0.8   0.8   0.8   0.8   0.7   0.8   0.8   0.6   0.8   
Chromium 260 260 --- 46   49   46   61   48   49   53   45   48   
Copper 390 1027 1300 35.1   34.2 J 33.8 J 33.5 J 28.9 J 32.9 J 34.5 J 26.7   31.1   
Lead 450 975 1200 28   29   27   31   22   26   23   23   24   
Mercury 0.41 1.5 2.3 0.1 J 0.11   0.1   0.09   0.09   0.09   0.09   0.08 J 0.09 J 

Selenium(1) --- 3 --- 0.48 J 0.66 J 0.61 J 0.69 J 0.68 J 0.68 J 0.62 J 0.38 J 0.47 J 
Silver 6.1 6.1 8.4 0.106 J 0.106 J 0.105 J 0.12 J 0.086 J 0.117 J 0.132 J 0.105 J 0.113 J 
Zinc 410 2783 3800 140   160   130   120   102   129   129   110   125   
Organotin Compounds (µg/L) 
Tributyltin (interstitial water) --- 0.15 --- 0.017   0.01   0.005 U 0.014 J 0.006   0.005 U 0.005 U 0.005 U 0.005 U 
Polycyclic Aromatic Hydrocarbons (µg/kg) --- --- ---                                     
Total LPAH 5200 --- 29000 50.6   48.7   76.6   77.1   94.4   64.4   82.7   70  J 81.5  J 
Naphthalene 2100 --- 2400 4.1 J 5.4   7.8   6.5   5.5   4.4 J 7   4.6 J 3.8 J 
Acenaphthylene 560 --- 1300 4.8 U 4.9 U 4.8 U 4.8 U 4.9 U 4.9 U 5 U 4.7 U 4.9 U 
Acenaphthene 500 --- 2000 5.1   2.7 J 4.2 J 5   4.9   6.1   4.1 J 2.7 J 3.7 J 
Fluorene 540 --- 3600 4.5 J 4.4 J 5.8 J 8.6 J 8 J 8.4 J 6.6 J 5 J 6.3 J 
Phenanthrene 1500 --- 21000 30 J 30 J 44 J 49 J 65 J 39 J 55 J 49 J 59 J 
Anthracene 960 --- 13000 6.9 J 6.2 J 8.7 J 8 J 11 J 6.5 J 10 J 8.7 J 8.7 J 

1-Methylnaphthalene(2) --- --- --- 4.8 U 4.9 U 4.8 U 4.8 U 4.9 U 4.9 U 5 U 4.7 U 4.9 U 

2-Methylnaphthalene(2) 670 --- 1900 4.8 U 4.2 J 6.1   5.6   3.8 J 5.3   5.6   4.6 J 3.6 J 
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Table 4-1 Dredged Material Composite Analytical Results Compared to the DMMP Chemicals of Concern Guidelines.  

Chemical 
DMMP Marine Guidelines 

Dredged Material (C) Composite 
KEN01 KEN02 KEN02 - Replicate KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 

SL BT ML Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Total HPAH 12000 --- 69000 369.8   312.6   444.7   476.4   649.8   421.4   731.7   576.4   639.2   
Fluoranthene 1700 4600 30000 69   66 J 96 J 100   140   82   140   120   140   
Pyrene 2600 11980 16000 100 J 65 J 110 J 100 J 140 J 100 J 140 J 140 J 170 J 
Benz(a)anthracene 1300 --- 5100 26 J 22 J 30 J 33 J 44 J 27 J 47 J 39 J 40 J 
Chrysene 1400 --- 21000 40   40   50   56   72   46   77   62   70   
Benzo(b)fluoranthene --- --- --- 31   26   34   44   52   36   91   47   50   
Benzo(k)fluoranthene --- --- --- 16   12   17   22   29   18   46   24   26   
Benzo(j)fluoranthene --- --- --- 14   12   16   22   27   18   44   23   25   
Benzofluoranthenes (b, j ,k) 3200 --- 9900 62   50   67   88   110   72   180   94   100   
Benzo(a)pyrene 1600 --- 3600 26   22   31   40   51   30   57   42   44   
Indeno(1,2,3-c,d)pyrene 600 --- 4400 16 J 17 J 20 J 21 J 33 J 22 J 32 J 28 J 27 J 
Dibenz(a,h)anthracene 230 --- 1900 4.8 J 4.6 J 6.7 J 6.4 J 9.8 J 6.4 J 8.7 J 9.4 J 9.2 J 
Benzo(g,h,i)perylene 670 --- 3200 26 J 26 J 34 J 32 J 50 J 36 J 50 J 42 J 39 J 
Chlorinated Hydrocarbons (µg/kg) 
1,4-Dichlorobenzene 110 --- 120 19 U 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
1,2-Dichlorobenzene 35 --- 110 19 U 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
1,2,4-Trichlorobenzene 31 --- 64 19 U 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
Hexachlorobenzene (HCB) 22 168 230 0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
Phthalate Esters (µg/kg)  
Dimethyl phthalate 71 --- 1400 15 J 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
Diethyl phthalate 200 --- 1200 19 U 37   19 U 19 U 22   20 U 20 U 19 U 33   
Di-n-butyl phthalate 1400 --- 5100 19 U 26   19 U 19 U 19 U 20 U 110   19 U 20 U 
Butyl benzyl phthalate 63 --- 970 14 J 9.6 J 19 U 19 U 18 J 19 J 12 J 28   20   
Bis(2-ethylhexyl) phthalate 1300 --- 8300 160   120   210   290   280   140   200   230   260   
Di-n-octyl phthalate 6200 --- 6200 19 U 19 UJ 68 J 19 U 19 U 20 U 20 U 19 U 11 J 
Phenols and Substituted Phenols (µg/kg) 
Phenol 420 --- 1200 86   51   81   110   37   41   24   72   110   
2-Methylphenol 63 --- 77 19 U 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
4-Methylphenol 670 --- 3600 31   25   39   54   22   19 J 16 J 19   35   
2,4-Dimethylphenol 29 --- 210 24 U 24 U 24 U 24 U 24 U 25 U 25 U 24 U 24 U 
Pentachlorophenol 400 504 690 96 UJ 96 UJ 97 UJ 96 UJ 97 UJ 98 UJ 98 UJ 96 UJ 97 UJ 
Miscellaneous Extractables (µg/kg) 
Benzyl alcohol 57 --- 870 82   120   190   130   91   100   64   150   110   
Benzoic acid 650 --- 760 580   560 J 900 J 950   460 J 500 J 310 J 600   730   
Dibenzofuran 540 --- 1700 14 J 19 U 19 U 19 U 19 U 20 U 20 U 19 U 20 U 
Hexachlorobutadiene 11 --- 270 0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
N-Nitrosodiphenylamine 28 --- 130 19 U 19 U 19 U 19 UJ 19 U 20 U 20 U 19 U 20 U 
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Table 4-1 Dredged Material Composite Analytical Results Compared to the DMMP Chemicals of Concern Guidelines.  

Chemical 
DMMP Marine Guidelines 

Dredged Material (C) Composite 
KEN01 KEN02 KEN02 - Replicate KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 

SL BT ML Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Organochlorine Pesticides/SVOCs (µg/kg) 
4,4' DDD 16 --- --- 3.3   290 J 4.3 J 4.3   2.9   4.4   3.4   3   3.6   
4,4' DDE 9 --- --- 2.5   170 J 2.7 J 2.6   2.5 J 2.8   2.4   2.1   2.9   
4,4' DDT 12 --- --- 3 U 5500 J 1.8 UJ 2.6 U 1.9 U 3.2 U 1 U 1.9 U 1.6 U 
sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT --- 50 69     5960   7   9.5   7.3   10.4   6.8   7   8.1   
2,4' DDD --- --- --- 0.99 U 170 U 2.8 U 3 U 0.98 U 2.8 U 2 U 0.97 U 0.99 U 
2,4' DDE --- --- --- 0.99 U 3.8 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
2,4' DDT --- --- --- 5.7 U 21 U 4 U 9.9 U 8.7 U 5.2 U 1.3 U 13 U 5.6 U 
Aldrin 9.5 --- --- 0.49 U 0.49 U 0.49 U 0.5 U 0.49 U 1 U 0.5 U 0.48 U 0.5 U 
Beta-Hexachlorocyclohexane --- --- --- 0.49 U 0.49 U 0.49 U 0.5 U 0.49 U 2 U 0.5 U 0.48 U 0.5 U 
Total Chlordane 2.8 37 --- 1.7  J 2.8   2.2 J  1.4   1.1   2.6   2.1   1.5  J 1.6   
   trans-Chlordane       1.7 J 2.8   2.2 J 1.4   1.1   2.6   2.1   1.5 J 1.6   
   cis-Chlordane       1.5 U 1.6 U 1.8 U 2.1 U 1.4 U 2.3 U 1.7 U 2 U 1.9 U 
   oxy Chlordane       0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
   cis-Nonachlor       0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
   trans-Nonachlor       0.99 U 2.1 U 2.5 U 2.5 U 0.98 U 2.7 U 2.7 U 0.97 U 0.99 U 
Endrin Ketone --- --- --- 0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
Carbazole --- --- --- 19 U 19 U 15 J 14 J 16 J 20 U 20 U 10 J 12 J 
Dieldrin 1.9 --- 1700 0.99 U 0.99 U 0.99 U 1 U 0.98 U 0.97 U 1 U 0.97 U 0.99 U 
Heptachlor 1.5 --- 270 0.49 U 0.49 U 0.49 U 0.5 U 0.49 U 1.5 U 0.5 U 0.48 U 0.5 U 

PCBs Aroclors (µg/kg) 130 38 (3) 3100 25.6  J 29.9   33   23.7  J 21.1   26.8   45.3  J 22   26.2   
   Aroclor 1016 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 
   Aroclor 1242 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 
   Aroclor 1248 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 12 U 9.1 U 9.8 U 
   Aroclor 1254 --- --- --- 18 J 21   25   16 J 15   19   27 J 16   18   
   Aroclor 1260 --- --- --- 7.6 J 8.9 J 8 J 7.7 J 6.1 J 7.8 J 6.3 J 6 J 8.2 J 
   Aroclor 1221 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 
   Aroclor 1232 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 
   Aroclor 1262 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 
   Aroclor 1268 --- --- --- 9.1 U 9 U 9.7 U 9.1 U 9.4 U 9.7 U 9.8 U 9.1 U 9.8 U 

Dioxins/Furans (ng/kg) 4 (5) 10 --- See Table 4-3 
Notes  Shaded cells indicate exceeding the SL.  Cells that are shaded and bold exceed the ML. 

1 As no SL value exists to trigger toxicity testing, this chemical is evaluated only for its bioaccumulative potential. 
2 1-Methylnaphthalene is not a DMMP COC, but is an SMS COC.  2-Methylnaphthalene is not included in the summation for total LPAH for the Marine guideline values.   
3 For comparison to the DMMP marine guidelines, only the 4,4’ isomers of DDx are used.  The 2,4’ isomers of DDx were measured and reported, but are only used for comparison to the SMS criteria. 
4 This value is normalized to total organic carbon, and is expressed in mg/kg carbon.  
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Table 4-1 Notes, continued 
5  For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ. 

Validation Qualifiers (VQ):             
J - The reported concentration is an estimated value. UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value 
U - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value. 
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Table 4-2 Z-Layer Composite Analytical Results  Compared to the SMS Freshwater Criteria.   

Chemical SMS Freshwater Criteria 
Z-Layer Composite 

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
SQO/SL1 CSL/SL2 Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Conventionals 
Gravel --- --- 11.5   1.3   0.7   1.7   0.1   0.9   0.4   0.7   
Sand (%) --- --- 45.9   42   47.9   26.6   44.2   53.4   48.2   52.0   
Silt (%) --- --- 29.8   43.5   39.5   54.1   40.4   36.1   38.7   35.7   
Clay (%) --- --- 12.9   13.1   11.9   17.6   15.4   9.7   12.9   11.6   
Total Solids --- --- 59.8   39.7   41.4   48.1   48.9   48.2   43.8   47.5   
Total Volatile Solids     6.1   11.4   12.8   8.4   7.1   9.9   10.5   10.4   
TOC (%) --- --- 1.8   2.4   2.7   2.7   1.8   3.1   1.5   2.4   
Ammonia (bulk) (mg/kg-N) --- --- 75   156   159 J 157 J 211   113.0 J 259   198.0   
Sulfide (bulk - single core) (mg/kg) --- --- no value   no value   no value   no value   no value   no value   no value   no value   
Sulfide (bulk - composite) (mg/kg) --- --- 15.4   109   150   24.4   96.5   30.1   108   33.4   
Metals (mg/kg) 
Antimony --- --- 0.80 J 10 UJ 10 UJ 10 UJ 0.9 J 9 UJ 1.6 J 0.8 J 
Arsenic 14 120 3.39 J 7.6 J 8.2 J 5.7 J 4.8 J 7.16 J 7.1 J 6.7 J 
Cadmium 2.1 5.4 0.40   0.7   0.7   0.5   0.60   0.5   0.6   0.6   
Chromium 72 88 49   47   45   56   47   42.2   46   46   
Copper 400 1200 22.7   27.5 J 26.7 J 23.6 J 22 J 19.6 J 24.6   24.9   
Lead 360 >1,300 10   29   34   25   15   24   23   65   
Mercury 0.66 0.8 0.04 J 0.09   0.08   0.07   0.06   0.07   0.08 J 0.09 J 
Nickel 26 110 45   42 J 40 J 44 J 39 J 38 J 41   43   

Selenium(1) 11 >20 0.3 J 0.57 J 0.57 J 0.51 J 0.50 J 0.49 J J 0.47 J 0.48 J 
Silver 0.57 1.7 0.06 J 0.10 J 0.11 J 0.08 J 0.09 J 0.08 J 0.09 J 0.10 J 
Zinc 3200 >4,200 61   100   94   78   82   77   96   85   
Organotin Compounds    Butyltins were not analyzed for the z-layer 
Polycyclic Aromatic Hydrocarbons (µg/kg) 
Total PAHs 17000 30000 876.9   410.8   686.7   294.5   620.6   398.2   535.5   412.4   
Total LPAH --- --- 643   56.4   113.5   59.1   69.8   71.3   67.9   58.0   
Naphthalene --- --- 26   5.8   12.0   6.6   4.3 J 6.6   6.0   5.9   
Acenaphthylene --- --- 4.7 U 4.8 U  2.8 J 4.8 U  4.3 J 4.9 U  4.8 U  4.8 U 
Acenaphthene --- --- 160   2.8 J 8.3   5.2   3.7 J 4.3 J 3.5 J 2.7 J 
Fluorene --- --- 24 J 4.4 J 8.4 J 5.8 J 5.4 J 7.1 J 5.0 J 5.1 J 
Phenanthrene --- --- 400 J 36 J 70 J 36 J 44 J 45 J 47 J 38 J 
Anthracene --- --- 33 J 7.4 J 12 J 5.5 J 8.1 J 8.3 J 6.4 J 6.3 J 

1-Methylnaphthalene(2) --- --- 4.7 U 4.8 U 3.1 J 4.8 U 4.8 U 4.0 J 4.8 U  4.8 U 

2-Methylnaphthalene(2) --- --- 13   4.1 J 7   5.7   3.2 J 6.5   3.7 J 4.0 J 
Total HPAH --- --- 233.9   354   573.2   235.4   550.8   326.9   467.6   354.4   
Fluoranthene --- --- 75   72   130   48   140   60   92   73   
Pyrene --- --- 81 J 86 J 160 J 60 J 130 J 68 J 130 J 88 J 
Benzo(a)anthracene  --- --- 14 J 26 J 40 J 16 J 33 J 23 J 29 J 22 J 
Chrysene --- --- 24   42   61   28   65   43   50   40   
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Table 4-2 Z-Layer Composite Analytical Results  Compared to the SMS Freshwater Criteria.   

Chemical SMS Freshwater Criteria 
Z-Layer Composite 

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
SQO/SL1 CSL/SL2 Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Benzo(b)fluoranthene --- --- 13   29   41   17   43   27   36   27   
Benzo(k)fluoranthene --- --- 5.6   14   21   9.3   21   16   18   14   
Benzo(j)fluoranthene --- --- 5.6   15   21   9.1   20   14   18   14   
Benzofluoranthenes (b, j ,k) --- --- 24   58   83   36   83   58   72   55   
Benzo(a)pyrene --- --- 4.7 U 25   34   16   35   28   33   26   
Indeno(1,2,3-c,d)pyrene --- --- 6 J 16 J 22 J 12 J 24 J 17 J 22 J 18 J 
Dibenz(a,h)anthracene --- --- 4.7 UJ 5.4 J 6.2 J 3.4 J 6.8 J 4.9 J 6.6 J 5.4 J 
Benzo(g,h,i)perylene --- --- 9.9 J 24 J 37 J 16 J 34 J 25 J 33 J 27 J 
Chlorinated Hydrocarbons (µg/kg) 
1,4-Dichlorobenzene --- --- 19 U 19 U 20 U  19 U 19 U 19 U 20 U  19 U 
1,2-Dichlorobenzene --- --- 19 U 19 U 20 U 19 U 19 U 19 U 20 U  19 U 
1,2,4-Trichlorobenzene --- --- 19 U 19 U 20 U 19 U 19 U 19 U 20 U  19 U 
Hexachlorobenzene (HCB) --- --- 0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U  1.0 U 
Phthalate Esters (µg/kg)  
Dimethyl phthalate --- --- 19 U 19 U 20 U 19 U 19 U 19 U 20 U  19 U 
Diethyl phthalate --- --- 28   19 U 20 U 18 J 19 U 19 U 27   19 U 
Di-n-butyl phthalate 380 1000 19 U 19 U 20 U 19 U 19 U 19 U 20 U  19 U 
Butyl benzyl phthalate --- --- 19 U 14 J 36   10 J 25   19 U 20 U  19 U 
Bis(2-ethylhexyl) phthalate 500 22000 48   120   150   290   220   130   160   190   
Di-n-octyl phthalate 39 >1,100 19 U 19 U 20 U 19 U 19 U 19 U 20 U  19 U 
Phenols and Substituted Phenols (µg/kg)                                     
Phenol 120 210 46   42   88   47   21   64   130   92   
2-Methylphenol --- --- 19 U 19 U 20 U 19 U 19 U 19 U 20 U 19 U 
4-Methylphenol 260 2000 17 J 32   35   30   19 U 35   34   45   
2,4-Dimethylphenol --- --- 24 U 24 U 25 U 24 U 24 U 24 U 25 U 24 U 
Pentachlorophenol 1200 >1,200 95 UJ 96 UJ 99 UJ 95 UJ 96 UJ 96 UJ 99 UJ 94 UJ 
Miscellaneous Extractables (µg/kg)                                     
Benzyl alcohol --- --- 22   48   97   42   36   63   110   88   
Benzoic acid 2900 3800 400   490 J 1000 J 720 J 280 J 720 J 1100   830   
Dibenzofuran 200 680 19 U 19 U 20 U 19 U 19 U 19 U 20 U 19 U 
N-Nitrosodiphenylamine --- --- 19 U 19 U 20 U 19 U 19.0 U 19 U 20 U 19 U 
Hexachlorobutadiene --- --- 0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
Organochlorine Pesticides/SVOCs (µg/kg)                                     
4,4' DDE --- --- 1.1 J 2.5   3.8   1.5   1.4   1.8   2   2.5   
4,4' DDD --- --- 2.4   5.3   10.0   3.2   2.2   4.2   3.7   5.6   
4,4' DDT --- --- 0.99 U 4.4   51   0.99 U 0.99 U 0.99 U 1.6 U 1.0 U 

Sum DDx (DMMP) (3) --- 69 3.5   12.2   64.8   4.7   3.6   6.0   5.7   8.1   
2,4' DDD --- --- 0.99 U 2.9 U 2.9 U 0.99 U 0.99 U 0.99 U 0.98 U 3.0 U 
2,4' DDE --- --- 0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
2,4' DDT --- --- 0.99 U 3.0 U 5.5 U 0.99 U 3.6 U 0.99 U 6.3 U 1.0 U 
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Table 4-2 Z-Layer Composite Analytical Results  Compared to the SMS Freshwater Criteria.   

Chemical SMS Freshwater Criteria 
Z-Layer Composite 

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
SQO/SL1 CSL/SL2 Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

DDE (3)  (SMS) 21 33 1.1   2.5   3.8   1.5   1.4   1.8   2.0   2.5   

DDD (3)  (SMS) 310 860 2.4   5.3   10   3.2   2.2   4.2   3.7   5.6   

DDT (3)   (SMS) 100 8100 0.99 U 4.4   51   0.99 U 3.6 U 0.99 U 6.3 U 1.0 U 
Aldrin --- --- 0.49 U 0.49 U 0.5 U 0.49 U 0.49 U 0.5 U 0.49 U 0.5 U 
gamma-BHC     4.4 U 0.49 U 0.5 U 0.49 U 0.49 U 0.5 U 0.49 U 0.5 U 
beta-BHC  7.2 11 0.49 U 0.49 U 0.5 U 0.49 U 0.49 U 0.5 U 0.5 U 0.5 U 
Total Chlordane --- --- 0.99 U 1.5 U 1.8   0.67   1.1   1.2   1.2   1.4   
   trans-Chlordane     0.49 U 0.49 U 1.8 J 0.67   1.1 J 1.2   1.2   1.4   
   cis-Chlordane     0.49 U 1.5 U 1.9 U 0.96 U 1.0 U 1.3 U 1.4 U 1.6 U 

Oxychlordane     0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
   cis-Nonachlor     0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
   trans-Nonachlor     0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
Endrin Ketone 8.5 ** 0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
Carbazole 900 1100 19 U 19 U 9.90 J 19 U 19 U 19 U 20 U 19 U 
Dieldrin 4.9 9.3 0.99 U 0.98 U 0.99 U 0.99 U 0.99 U 0.99 U 0.98 U 1.0 U 
Heptachlor --- --- 0.49 U 0.49 U 0.50 U 0.49 U 0.49 U 0.50 U 0.49 U 0.50 U 
PCBs Aroclors (µg/kg) 110 2500 8.7   25.6   33.9   15   19.5   19.9   21.8   23.30   

Aroclor 1016 --- --- 8.9 U 9.3 UJ 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1221  --- --- 8.9 U 9.3 UJ 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1232 --- --- 8.9 U 9.3 UJ 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1242  --- --- 8.9 U 9.3 UJ 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1248 --- --- 8.9 U 9.3 U 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1254  --- --- 8.7 J 18   24 J 15 J 14   14 J 16   17 J 
Aroclor 1260  --- --- 8.9 U 7.6 J 9.9   8.9 U 5.5 J 5.9 J 5.8 J 6.3 J 
Aroclor 1262 --- --- 8.9 U 9.3 U 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 
Aroclor 1268  --- --- 8.9 U 9.3 U 9.3 U 8.9 U 9.7 U 8.7 U 9.0 U 9.5 U 

Dioxins/Furans (ng/kg) See Table 4-4  
Total Petroleum Hydrocarbons (mg/kg) NW-TPH Method                                     
TPH-Diesel 340 510 25   40   41   37   32   42   22   47   
TPH-Residual 3600 4400 50   110   110   98   110   120   72   150   
Notes: 
Shaded cells indicate exceedance of the Sediment Quality Objective (SQO)/Screening Level 1 (SL1).  Cells that are shaded and bold exceed the Cleanup Screening Level (CSL)/Screening Level 2 (SL2). 

1 As no SL value exists to trigger toxicity testing, this chemical will only be evaluated for its bioaccumulative potential. 
2 Both 1-Methylnaphthalene and 2-Methylnaphthalene are included in the sum of total PAHs for comparison to the freshwater SQO/SL1 and the CSL/SL2.   
3 For comparison to the freshwater standards, DDTs and derivatives are calculated as follows: total DDDs, total DDEs, and total DDTs, (2,4’ and 4,4’ isomers in each case). 

**  No freshwater criteria available 
Validation Qualifiers (VQ):             

J - The reported concentration is an estimated value. UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value 
U - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value. 
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Table 4-3  Dredged Material Composite Dioxin/Furan Results 

Chemical Name TEF 

STATION 
KEN01 KEN02 KEN02 - Replicate KEN03 KEN04 

Value VQ TEQ TEQ Value 
VQ 

TEQ TEQ Value VQ TEQ TEQ Value VQ TEQ TEQ Value VQ TEQ TEQ 
(ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1 0.582 U 0 0.291 0.778 U 0 0.389 0.614 U 0 0.307 0.658 U 0 0.329 0.513 U 0 0.2565 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 1 3.05   3.05 3.05 5.02 J 5.02 5.02 2.79 J 2.79 2.79 3.28   3.28 3.28 2.39   2.39 2.39 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 4.52   0.452 0.452 8.04 J 0.804 0.804 4.11 J 0.411 0.411 4.58   0.458 0.458 3.3   0.33 0.33 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 16.8   1.68 1.68 29.9 J 2.99 2.99 14.8 J 1.48 1.48 16.3   1.63 1.63 11.7   1.17 1.17 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 9.52   0.952 0.952 16.3 J 1.63 1.63 8.98 J 0.898 0.898 9.88   0.988 0.988 7.29   0.729 0.729 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 0.01 347   3.47 3.47 656 J 6.56 6.56 300 J 3 3 327   3.27 3.27 227   2.27 2.27 
Octachlorodibenzo-p-dioxin (OCDD) 0.0003 2610   0.783 0.783 5380 J 1.614 1.614 2260 J 0.678 0.678 2500   0.75 0.75 1680   0.504 0.504 
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 0.1 1.65   0.165 0.165 1.79   0.179 0.179 1.61   0.161 0.161 1.65   0.165 0.165 1.26   0.126 0.126 
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 0.03 1.31   0.0393 0.0393 1.54   0.0462 0.0462 1.25 U 0 0.01875 1.35   0.0405 0.0405 1.1   0.033 0.033 
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 0.3 1.52   0.456 0.456 1.79   0.537 0.537 1.49   0.447 0.447 1.65 U 0 0.2475 1.31   0.393 0.393 
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 3.26   0.326 0.326 5.15   0.515 0.515 3.26   0.326 0.326 3.62   0.362 0.362 2.93   0.293 0.293 
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 2.9   0.29 0.29 4.35   0.435 0.435 2.78   0.278 0.278 3.11   0.311 0.311 2.36   0.236 0.236 
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 0.1 1.29 U 0 0.0645 1.66   0.166 0.166 1.22   0.122 0.122 1.49   0.149 0.149 1.21   0.121 0.121 
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 3.78   0.378 0.378 5.71 J 0.571 0.571 3.66 J 0.366 0.366 3.95   0.395 0.395 2.86   0.286 0.286 
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 0.01 48.3   0.483 0.483 143 J 1.43 1.43 44.6 J 0.446 0.446 48.5   0.485 0.485 32.6   0.326 0.326 
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 0.01 2.92   0.0292 0.0292 6.92 J 0.0692 0.0692 2.91 J 0.0291 0.0291 3.14   0.0314 0.0314 2.29   0.0229 0.0229 
Octachlorodibenzofuran (OCDF) 0.0003 149   0.0447 0.0447 718 J 0.2154 0.2154 127 J 0.0381 0.0381 125   0.0375 0.0375 80.5   0.02415 0.02415 
Total TEQ       12.6 12.95     22.78 23.17     14.35 14.68     12.35 12.93     9.25 9.51 
 
Notes: 
For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ.  
EDL = Estimated Detection Limit 
TEQ = Toxicity Equivalent 

 Validation Qualifiers (VQ): 
J - The reported concentration is an estimated value 
U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported 

value. 
UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value. 
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Table 4-3 Dredged Material Composite Dioxin/Furan Results (continued)  

Chemical Name TEF 

STATION 
KEN05 KEN06 KEN07 KEN08 

Value VQ TEQ TEQ Value VQ TEQ TEQ Value VQ TEQ TEQ Value VQ TEQ TEQ 
(ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1 0.631 U 0 0.3155 0.557 U 0 0.2785 0.463 U 0 0.2315 0.548 U 0 0.274 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 1 2.53   2.53 2.53 2.29   2.29 2.29 1.85   1.85 1.85 2.06   2.06 2.06 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 3.59   0.359 0.359 3.11   0.311 0.311 2.54   0.254 0.254 2.8   0.28 0.28 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 11.6   1.16 1.16 9.97   0.997 0.997 8.72   0.872 0.872 9.05   0.905 0.905 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 7.71   0.771 0.771 6.8   0.68 0.68 5.36   0.536 0.536 6.15   0.615 0.615 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 0.01 234   2.34 2.34 208   2.08 2.08 175   1.75 1.75 193   1.93 1.93 
Octachlorodibenzo-p-dioxin (OCDD) 0.0003 1790   0.537 0.537 1710   0.513 0.513 1330   0.399 0.399 1530   0.459 0.459 
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 0.1 1.4   0.14 0.14 1.26   0.126 0.126 1.02   0.102 0.102 1.14   0.114 0.114 
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 0.03 1.05   0.0315 0.0315 0.946 J 0.02838 0.02838 0.839 J 0.02517 0.02517 0.895 U 0 0.013425 
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 0.3 1.37   0.411 0.411 1.16   0.348 0.348 1.01   0.303 0.303 1.07   0.321 0.321 
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 3.06   0.306 0.306 2.52 U 0 0.126 2.17   0.217 0.217 2.47   0.247 0.247 
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 2.45   0.245 0.245 2.16   0.216 0.216 1.77   0.177 0.177 2.21   0.221 0.221 
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 0.1 1.13   0.113 0.113 0.93 J 0.093 0.093 0.917 J 0.0917 0.0917 0.901 J 0.0901 0.0901 
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 3.17   0.317 0.317 2.8   0.28 0.28 2.3   0.23 0.23 2.86   0.286 0.286 
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 0.01 38.4   0.384 0.384 33.7   0.337 0.337 28.5   0.285 0.285 30.3   0.303 0.303 
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 0.01 2.61   0.0261 0.0261 2.21   0.0221 0.0221 1.85   0.0185 0.0185 2.16   0.0216 0.0216 
Octachlorodibenzofuran (OCDF) 0.0003 105   0.0315 0.0315 97.2   0.02916 0.02916 73.9   0.02217 0.02217 82.9   0.02487 0.02487 
Total TEQ       9.7 10.02     8.35 8.76     7.13 7.36     7.88 8.16 

 
Notes: 
For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ.  
EDL = Estimated Detection Limit 
TEQ = Toxicity Equivalent 

 Validation Qualifiers (VQ): 
J - The reported concentration is an estimated value 
U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported 

value. 
UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value. 
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Table 4-4   Z-Layer Composite Dioxin/Furan Results 

Chemical Name TEF 

STATION 
KEN01 Z KEN02 Z KEN03 Z KEN04 Z 

Value 
VQ 

TEQ TEQ Value 
VQ 

TEQ TEQ Value 
VQ 

TEQ TEQ Value 
VQ 

TEQ TEQ 
(ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) (ng/kg) (U = 0) (U=1/2 EDL) 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1 0.26 U 0 0.13 0.633 J 0.633 0.633 0.655 U 0 0.3275 0.425 U 0 0.2125 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 1 0.478 J 0.478 0.478 2.42   2.42 2.42 2.51   2.51 2.51 1.14   1.14 1.14 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 0.613 J 0.0613 0.0613 3.28   0.328 0.328 3.4   0.34 0.34 1.37   0.137 0.137 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 2.04   0.204 0.204 13.6   1.36 1.36 14.3   1.43 1.43 5.72   0.572 0.572 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 1.34   0.134 0.134 7.5   0.75 0.75 7.77   0.777 0.777 3.35   0.335 0.335 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 0.01 40 J 0.4 0.4 258   2.58 2.58 273   2.73 2.73 93.6   0.936 0.936 
Octachlorodibenzo-p-dioxin (OCDD) 0.0003 321 J 0.0963 0.0963 2030   0.609 0.609 2200   0.66 0.66 649   0.195 0.1947 
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 0.1 0.4 J 0.04 0.04 1.61   0.161 0.161 1.7   0.17 0.17 0.92 U 0 0.046 
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 0.03 0.246 J 0.00738 0.00738 1.21   0.036 0.0363 1.28   0.0384 0.0384 0.615 J 0.018 0.01845 
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 0.3 0.314 J 0.0942 0.0942 1.54   0.462 0.462 1.6   0.48 0.48 0.695 J 0.209 0.2085 
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 0.551 J 0.0551 0.0551 2.91   0.291 0.291 3.29   0.329 0.329 1.45   0.145 0.145 
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 0.523 J 0.0523 0.0523 2.5   0.25 0.25 2.77   0.277 0.277 1.2   0.12 0.12 
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 0.1 0.262 J 0.0262 0.0262 1.16   0.116 0.116 1.28   0.128 0.128 0.609 U 0 0.03045 
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 0.364 J 0.0364 0.0364 3.27   0.327 0.327 3.44   0.344 0.344 1.46   0.146 0.146 
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 0.01 6.44   0.0644 0.0644 35.7   0.357 0.357 37.4   0.374 0.374 12.8   0.128 0.128 
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 0.01 0.388 U 0 0.00194 2.26   0.023 0.0226 2.57   0.0257 0.0257 0.85 J 0.009 0.0085 
Octachlorodibenzofuran (OCDF) 0.0003 14.4   0.00432 0.00432 98.2   0.029 0.02946 102   0.0306 0.0306 24.4   0.007 0.00732 
Total TEQ       1.75 1.89     10.73 10.73     10.64 10.97     4.1 4.39 

 
Notes: 
For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ. 
EDL = Estimated Detection Limit 
TEQ = Toxicity Equivalent 

 Validation Qualifiers (VQ): 
J - The reported concentration is an estimated value 
U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported 

value. 
UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value. 
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 Table 4-4 Z-Layer Composite Dioxin/Furan Results  (continued) 

Chemical Name TEF 

STATION 
KEN05 KEN06 KEN07 KEN08 

Value 
(ng/kg) VQ TEQ 

(U = 0) 
TEQ 

(U=1/2 EDL) 
Value 

(ng/kg) VQ TEQ 
(U = 0) 

TEQ 
(U=1/2 EDL) 

Value 
(ng/kg) VQ TEQ 

(U = 0) 
TEQ 

(U=1/2 EDL) 
Value 

(ng/kg) VQ TEQ 
(U = 0) 

TEQ 
(U=1/2 EDL) 

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) 1 0.423 U 0 0.2115 0.459 U 0 0.2295 0.539 U 0 0.2695 0.463 U 0 0.2315 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin (PeCDD) 1 1.43   1.43 1.43 1.44   1.44 1.44 2.03   2.03 2.03 1.55   1.55 1.55 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 1.85   0.185 0.185 1.76   0.176 0.176 2.91   0.291 0.291 1.84   0.184 0.184 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 6.62   0.662 0.662 7.08   0.708 0.708 9.5   0.95 0.95 6.25   0.625 0.625 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin (HxCDD) 0.1 4.32   0.432 0.432 4.05   0.405 0.405 6.44   0.644 0.644 3.94 U 0 0.197 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin (HpCDD) 0.01 130   1.3 1.3 138   1.38 1.38 195   1.95 1.95 127   1.27 1.27 
Octachlorodibenzo-p-dioxin (OCDD) 0.0003 977   0.2931 0.2931 1100   0.33 0.33 1290   0.387 0.387 943   0.283 0.2829 
2,3,7,8-Tetrachlorodibenzofuran (TCDF) 0.1 0.856 J 0.0856 0.0856 0.964 J 0.096 0.0964 1.02   0.102 0.102 1.17   0.117 0.117 
1,2,3,7,8-Pentachlorodibenzofuran (PeCDF) 0.03 0.653 J 0.01959 0.01959 0.772 J 0.023 0.02316 1.02   0.0306 0.0306 0.816 J 0.024 0.02448 
2,3,4,7,8-Pentachlorodibenzofuran (PeCDF) 0.3 0.721 J 0.2163 0.2163 0.918 J 0.275 0.2754 1.16   0.348 0.348 0.909 J 0.273 0.2727 
1,2,3,4,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 1.53   0.153 0.153 2.05   0.205 0.205 3.59   0.359 0.359 1.91   0.191 0.191 
1,2,3,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 1.41   0.141 0.141 1.68   0.168 0.168 2.58   0.258 0.258 1.65   0.165 0.165 
1,2,3,7,8,9-Hexachlorodibenzofuran (HxCDF) 0.1 0.619 J 0.0619 0.0619 0.816 U 0 0.0408 1.83   0.183 0.183 0.714 U 0 0.0357 
2,3,4,6,7,8-Hexachlorodibenzofuran (HxCDF) 0.1 1.79   0.179 0.179 1.99   0.199 0.199 3.21   0.321 0.321 2.06   0.206 0.206 
1,2,3,4,6,7,8-Heptachlorodibenzofuran (HpCDF) 0.01 18.1   0.181 0.181 20.6   0.206 0.206 38.1   0.381 0.381 19.8   0.198 0.198 
1,2,3,4,7,8,9-Heptachlorodibenzofuran (HpCDF) 0.01 1.28   0.0128 0.0128 1.48   0.015 0.0148 2.58   0.0258 0.0258 1.44   0.014 0.0144 
Octachlorodibenzofuran (OCDF) 0.0003 49.4   0.01482 0.01482 41.9   0.013 0.01257 69   0.0207 0.0207 47.1   0.014 0.01413 
Total TEQ       5.37 5.58     5.64 5.91     8.28 8.55     5.11 5.58 

Notes: 
For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single DMMU having a concentration greater than 10 pptr TEQ.  
EDL = Estimated Detection Limit 
TEQ = Toxicity Equivalent 

 Validation Qualifiers (VQ): 
J - The reported concentration is an estimated value 
U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported 

value. 
UJ  - The analyte was analyzed for, and the associated quantitation limit was an estimated value. 
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Table 4-5 Analytical Results for DDx Evaluation at DMMU KEN02.   Composite replicates and individual parent core samples 
    

Chemical 

  Kenmore Station 02 Composite Samples Kenmore Individual Core Samples 
Sample I.D. KEN02 Composite KEN09 Composite KEN02 Composite Rep 1 KEN02 Composite Rep 2 KEN02 CORE 3a KEN02 CORE3b KEN02 CORE4a KEN02 CORE4b 

Lab Analysis Date 7/30/2014 7/30/2014 11/15/2014 11/15/2014 11/15/2014 9/16/2014 11/15/2014 9/16/2014 
Lab Identification 14-14087-YR91C 14-14091-YR91G 14-23652-ZI36A 14-23652-ZI36ADUP 14-23653-ZI36B 14-18185-YZ10C 14-23654-ZI36C 14-18184-YZ10B 

DMMP Marine Guidelines Results Results 
SL BT ML Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Organochlorine Pesticides/SVOCs (µg/kg)                           
   4,4' DDD 16 --- --- 290 J 4.3 J 4.7   4.2   7.6   4   2.8   3.1   

2,4' DDD --- --- --- 170 U 2.8 U 2 U 2 U 4.3 U 0.99 U 2.0 U 0.99 U 
4,4' DDE 9 --- --- 170 J 2.7 J 2 J 1.9 J 2.9   1.6 J 1.4 J 1.8 J 
2,4' DDE --- --- --- 3.8 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
4,4' DDT 12 --- --- 5500 J 1.8 UJ 2 U 2 U 2 U 0.99 U 2 U 2.4 U 
2,4' DDT --- --- --- 21 U 4 U 2 U 2 U 2 U 0.99 U 2 U 28 U 
Aldrin 9.5 --- --- 0.49 U 0.49 U 0.98 U 0.98 U 1 U 0.5 U 0.98 U 0.49 U 
Beta-Hexachlorocyclohexane --- --- --- 0.49 U 0.49 U 0.98 U 0.98 U 1 U 0.5 U 0.98 U 0.49 U 
Total Chlordane 

2.8 37 --- 

2.8   2.2 J 3 U 2 U 3.4 U 1.3 U 2 U 1.6 U 
trans-Chlordane 2.8   2.2 J 0.98 U 0.98 U 2.7 U 0.5 U 0.98 U 1.6 U 
cis-Chlordane 1.6 U 1.8 U 0.98 U 1.8 U 2.7 U 1.1 U 1.4 U 1.3 U 
oxy Chlordane 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
cis-Nonachlor 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 

trans-Nonachlor 2.1 U 2.5 U 3 U 2 U 3.4 U 1.3 U 2 U 0.99 U 
Endrin Ketone --- --- --- 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
Dieldrin 1.9 --- 1700 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
Heptachlor 1.5 --- 270 0.49 U 0.49 U 0.98 U 0.98 U 1 U 0.5 U 0.98 U 0.49 U 
Hexachlorobutadiene 11 --- 270 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
Hexachlorobenzene (HCB) 22 168 230 0.99 U 0.99 U 2 U 2 U 2 U 0.99 U 2 U 0.99 U 
 
 
Table 4-6 Analytical Results for DDx Re-Evaluation at DMMU KEN02.   Composite replicates and individual parent core samples 

Chemical 

  Kenmore Station 02 Composite Samples Kenmore Individual Core Samples 
Sample I.D. KEN02 Composite Rep 1 KEN02 Composite Rep 2 KEN02 Composite Rep 3 KEN02 Composite Rep 4  KEN02 CORE 3b KEN02 CORE4b 

Lab Analysis Date 12/24/2014 12/24/2014 12/24/2014 12/16/2014 12/16/2014 12/16/2014 
Lab Identification 14-26045-ZM72A 14-26081-ZM72D 14-26081-ZM72E 14-26081-ZM72F 14-26081-ZM72C 14-26081-ZM72B 
Cleanup Method GPC GPC GPC Acid Acid Acid 

DMMP Marine Guidelines Results 
SL BT ML Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

4,4' DDD 16 --- --- 4.6   4.4 J 5.5 J 5   6.3   3.4   
4,4' DDE --- --- --- 2.3 J 2.5 J 2.5 J 4.2 J 3.7   3.5 J 
4,4' DDT 9 --- --- 3.1 U 0.99 U 3.3 U 2.9 J 2.3 UJ 0.98 UJ 
Notes: 

               GPC = Gel Permeation Chromatography 
             

Date: January 19, 2015  4-17 



Kenmore Federal Navigation Channel 
Dredged Material Characterization Report – Kenmore, WA 

 

Table 4-7  Polybrominated Diethyl Ether Congeners (µg/kg) 

Chemical 
Dredged Material (C) Composite 

KEN01 KEN02 KEN03 
Value VQ Value VQ Value VQ 

BDE-007  0.0864  0.0628  0.0411  
BDE-008/011  0.0147  0.012  0.00859  
BDE-010  0.0002 U 0.00038 U 0.00023 J 
BDE-012/013  0.00332 J 0.00346 J 0.00282 J 
BDE-015 0.00261 J 0.00466 J 0.00515  
BDE-017/025  0.1  0.0995  0.0596  
BDE-028/033  0.0219  0.029  0.0263  
BDE-030  0.00026 U 0.00047 U 0.00039 U 
BDE-032  0.00082 J 0.00085 J 0.00063 U 
BDE-035  0.00036 U 0.00094 J 0.00064 U 
BDE-037  0.00224 J 0.00307 J 0.00222 J 
BDE-047  0.364  0.437  0.37  
BDE-049  0.191  0.194  0.133  
BDE-051  0.0305  0.0289  0.019  
BDE-066  0.0225  0.0268  0.0226  
BDE-071  0.0268  0.0269  0.0159  
BDE-075  0.00116 U 0.00127 U 0.00145 J 
BDE-077  0.00081 J 0.00085 J 0.00068 J 
BDE-079  0.00066 U 0.00082 U 0.00057 J 
BDE-085 0.0188  0.0194  0.0172  
BDE-099  0.527  0.694  0.511  
BDE-100  0.141  0.182  0.134  
BDE-105  0.00294 U 0.00281 U 0.00235 U 
BDE-116  0.00406 U 0.00387 U 0.00324 U 
BDE-119/120  0.00429 J 0.00426 J 0.00247 U 
BDE-126  0.00127 U 0.00151 U 0.00132 U 
BDE-128  0.0111 U 0.0361 U 0.0438 U 
BDE-138/166  0.015  0.0185  0.0211 U 
BDE-140  0.00719  0.00515 U 0.00469 J 
BDE-153  0.1  0.12  0.0872  
BDE-154  0.0829  0.099  0.0629  
BDE-155  0.0077  0.0166  0.0129  
BDE-181  0.00561 U 0.0076 U 0.00643 U 
BDE-183  0.0627  0.116  0.0402  
BDE-190  0.0101 U 0.0136 U 0.0116 U 
BDE-203  0.0811  0.105  0.0567  
BDE-206  0.747 J 0.624 J 0.37 J 
BDE-207  0.714 J 0.782 J 0.346 J 
BDE-208  0.448 J 0.488 U 0.251 J 
BDE-209  13.8  7.4  7.24  
Validation Qualifiers (VQ): 
J - The reported concentration is an estimated value 
U  - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value. 
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Table 4-8 Results of Bulk Ammonia and Sulfides Analyses 

Analysis 

DMMU 
KEN01 KEN02 KEN02 - Field Replicate KEN03  KEN04 KEN05 KEN06 KEN07 KEN08 

Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 
Dredged Material Composite 
Collection Date 7/10/2014   7/10/2014   7/10/2014   7/12/2014   7/12/2014   7/12/2014   7/11/2014   7/11/2014   7/11/2014   
Ammonia Day 0 (bulk - mg/kg) 232   217   218   242   270   369   279   240   303   
Analysis Date 7/16/2014   7/16/2014   7/16/2014   7/16/2014   7/16/2014   7/17/2014   7/17/2014   7/16/2014   7/16/2014   
Number of Days from Collection to Extraction 6   6   6   4   4   5   6   5   5   
Ammonia Day 21 (bulk - mg/kg) 220   220   222 J *   247 J 496 J 315 J 237 J 302 J 
Analysis Date 7/31/2014   7/31/2014   8/4/2014   *   8/4/2014   8/4/2014   8/1/2014   8/1/2014   8/1/2014   
Number of Days from Collection to Extraction 21   21   25   *   23   23   21   21   21   
Sulfides (bulk - single core) (mg/kg) 500   456   ---   309   166   350   349   216   360   
Analysis Date 7/16/2014   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/16/2014   7/16/2014   
Number of Days from Collection to Extraction 6   7   7   5   5   5   6   5   5   
Sulfides Composite Day 0 (bulk - mg/kg) 457   331   351   290   176   290   258   239   254   
Analysis Date 7/16/2014   7/16/2014   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/16/2014   7/16/2014   
Number of Days from Collection to Extraction 6   6   7   5   5   5   6   5   5   
Sulfides Composite Day 21 (bulk - mg/kg) 322   307   263   *   214   256   195   160   149   
Analysis Date 8/6/2014   8/6/2014   8/6/2014   *   8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   
Number of Days from Collection to Extraction 27   27   27   *   25   25   26   26   26   
Z-Composite 
Ammonia Day 0 (bulk - mg/kg) 75   156   ---   172   172   211   123   259   198   
Analysis Date 7/16/2014   7/16/2014   ---   7/16/2014   7/16/2014   7/17/2014   7/17/2014   7/16/2014   7/16/2014   
Number of Days from Collection to Extraction 6   6   ---   4   4   5   6   5   5   
Ammonia Day 21 (bulk - mg/kg) 76.5   169   ---   159 J 157 J 211 J 113 J 266 J 200 J 
Analysis Date 7/31/2014   7/31/2014   ---   8/4/2014   8/4/2014   8/4/2014   8/1/2014   8/1/2014   8/1/2014   
Number of Days from Collection to Extraction 21   21   ---   23   23   23   21   21   21   
Sulfides Day 0 (bulk - mg/kg) 15.4   164   ---   150   42   96.7   30.1   126   90.4   
Analysis Date 7/16/2014   7/17/2014   ---   7/17/2014   7/17/2014   7/17/2014   7/17/2014   7/16/2014   7/16/2014   
Number of Days from Collection to Extraction 6   7   ---   5   5   5   6   5   5   
Sulfides Day 21 (bulk - mg/kg) 7.86   109   ---   98.3   24.4   96.5   52.7   108   33.4   
Analysis Date 8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   8/6/2014   
Number of Days from Collection to Extraction 27   27   27   25   25   25   26   26   26   
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Table 4-9 Results of Porewater Ammonia and Sulfides Analyses 
Dredged Material Composite 

KEN01 C KEN02 C KEN03 C KEN04 C KEN05 C KEN06 C KEN07 C KEN08 C 
Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Collection Date 7/10/2014   7/10/2014   7/12/2014   7/12/2014   7/11/2014   7/11/2014   7/11/2014   7/11/2014   
Porewater Extraction Date 8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   
Number of Days from Collection to Extraction 26  26  *  24  25  25  25  25  
Temperature at time of extraction (⁰C) 18.6   18.3   *   6.0   3.3   5.9   5.9   6.8   
Ammonia (NH3) as Nitrogen (N) (mg/L) 27.7   24.4   *   32.1   59.9   45.8   49.6   56.7   
pH 6.8   6.9   *   6.6   6.7   6.7   6.8   6.8   
Salinity (parts-per-thousand) 0.3   0.3   *   0.4   0.6   0.4   0.5   0.5   
Sulfide (mg/L) 0.057 U 0.05 U *  0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

Z-Layer Composite 
KEN01 Z KEN02 Z KEN03 Z KEN04 Z KEN05 Z KEN06 Z KEN07 Z KEN08 Z 

Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 
Collection Date 7/10/2014   7/10/2014   7/12/2014   7/12/2014   7/11/2014   7/11/2014   7/11/2014   7/11/2014   
Porewater Extraction Date 8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   8/5/2014   
Number of Days from Collection to Extraction 26  26  24  24  25  25  25  25  
Temperature at time of extraction (⁰C) 19.8   16.8   6.3   6.0   3.4   5.4   3.8   6.4   
Ammonia (NH3) as Nitrogen (N) (mg/L) 6.23   16   18.5   13   28.9   14   43.9   22.5   
pH 6.9   6.9   6.6   6.6   6.7   6.8   6.8   6.7   
Salinity (parts-per-thousand) 0.1   0.2   0.3   0.1   0.3   0.2   0.4   0.2   
Sulfide (mg/L) 0.051 U 0.05 U 0.072   0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 

                 
*Insufficient sediment volume to run 21 day ammonia and sulfide for KEN03              
Validation Qualifiers (VQ): 

U - The analyte was analyzed for, but was considered not detected at the reporting limit or reported value. 
J - The reported concentration is an estimated value. 
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5 BIOLOGICAL ANALYSES 
The DMMP made a determination that with the exceedances of the state Sediment Quality 
Standards in the z-layer, that it was necessary to conduct freshwater bioassays for those stations 
that exceeded the freshwater SQS. Given that all eight of the z-layer samples exceeded at least 
the SQS for dibenzofuran, all eight samples were sent to Northwestern Aquatic Science in 
Newport, OR facility, for bioassay testing using the following tests: 

• 20-day Chironomus dilutes survival and growth test  
• 10-day Hyalella azteca survival test 

The freshwater interpretive guidelines for these three tests are given in Table 5-2.  

Prior to testing all test sediment samples were stored at ARI at 4°C with no head space, (i.e., 
anaerobic environment).  With the decision to conduct biological testing, ARI shipped the 
bioassay sediments to NWAS under chain-of-custody (Appendix M). All bioassays were begun 
within the 56 days holding time.  

All test data, the NWAS laboratory report, the bioassay data validation review, and statistical 
analyses may be found in Appendix M. 

5.1 REFERENCE SEDIMENT  
Bioassay testing for antidegradation characterization did not require comparing the results of 
the test sediment to suitable reference sediment; instead the results are compared to the control 
sediment.  The clean negative control sediment that NWAS collects from Beaver Creek, 
approximately 8 miles south of Newport, OR, was used for comparison to the test sediment 
results.  To allow for comparison of the physical characteristics of the control sediment to the 
dredged sediment, NWAS collected additional sediment and submitted those samples to ARI 
for conventional analyses.  The results of the Beaver Creek analysis is given in Table 5-1.  

5.2  HYALELLA AZTECA 10-DAY MORTALITY TESTING 
The results of the 10-day freshwater amphipod mortality test may be seen in Table 5-3.  The 
percent mortality in the control sediment met the relevant performance criteria; the test may be 
considered a valid test.  All tested sediments (control and DMMUs) had mortality less than or 
equal to 2.5%.  All test sediments were well below the one and two-hit criteria, and are 
considered to have passed relative to these guidelines. 

5.3 CHIRONOMUS DILUTUS  20-DAY MORTALITY TESTING 
The results of the 20-day freshwater midge mortality test may be seen in Table 5-4.  The 
percent mortality in the Beaver Creek control sediment met the relevant performance criteria; 
the test may be considered a valid test.  The laboratory report and data validation report may be 
found in Appendix L1. 
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Mortality in the test sediment ranged from 10 to 33.8% mortality.  The absolute test mortality 
observed in  all but the KEN02Z sample was less than 15% of that observed in the Beaver 
Creek control sediment. For KEN02Z the observed mortality was 19.5% greater than the 
Beaver Creek control sediment.  As required by the DMMU User Manual (USACE, 2014) and 
the SAP, the DMMP-developed statistical program BioStat was used to statistically compare 
the mortality results.  Using an arcsin transformation to normalize the percent mortality data, 
KEN02Z was determined to be statistically different from the Beaver Creek sediment (p=0.05).  
Comparing to the interpretive guidelines in Table 5-2, KEN02Z failed the two hit guideline; 
mortality > 15% over control and statistically different from the control sediment (p = 0.05). 

5.4 CHIRONOMUS DILUTUS 20-DAY GROWTH TEST  
The results of the 20-day freshwater midge growth test may be seen in Table 5-5.  The mean 
individual growth rate (MIG), expressed as the ash free dry weight (AFDW) exceeded the 
relevant performance criteria for the control and reference sediments. The test may be 
considered a valid test.   

All tested DMMU-composite sediments had MIG that was at least 90% of that observed in the 
Beaver Creek control sediment. All test sediments were well below the one and two-hit criteria, 
and are considered to have passed relative to these guidelines. 

5.5 SUMMARY OF BIOLOGICAL TESTING 
The cumulative biological testing results are presented in Table 5-6.  With the exception of 
KEN02Z, all test stations passed the three biological tests, and may be considered to have 
passed the DMMP guidelines.  In the absence of a second corroborative second hit, KEN02Z 
may be interpreted as having passed the freshwater biological guidelines.  
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Table 5-1 Comparison of Beaver Creek and Kenmore Test Sediment Conventional Results 

Chemical 

Beaver 
Creek  

Sediment 

Z-Layer Composite 

KEN01 KEN02 KEN03 KEN04 KEN05 KEN06 KEN07 KEN08 
Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ Value VQ 

Conventionals 
Gravel (%) 0.3   11.5  1.3  0.7  1.7  0.1  0.9  0.4  0.7  
Sand (%) 52.4   45.9  42  47.9  26.6  44.2  53.4  48.2  52.0  
Silt (%) 43.9   29.8  43.5  39.5  54.1  40.4  36.1  38.7  35.7  
Clay (%) 3.5   12.9  13.1  11.9  17.6  15.4  9.7  12.9  11.6  
Total Fines (%) 1 47.4  42.7  56.6  51.4  71.7  55.8  45.8  51.6  47.3  
Total Solids (%) 30.90   61.74   41.00   42.75   49.74   51.48   48.88   45.07   48.25   
TOC (%) 4.30   6.12   11.39   12.77   8.35   7.10   9.92   10.50   10.41   
Ammonia (bulk) 
(mg/kg) 34.1   1.75   2.41   2.66   2.7   1.8   3.12   1.49   2.36   
Sulfide (bulk - single 
core) (mg/kg) 77.4   75.75   162.5   165.5   164.5   211   118   262.5   199   
Note: 
1.  Percent fines are the sum of the percent silt and percent clay. 
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Table 5-2  Freshwater Bioassay QA/QC Performance Standards and Interpretive Criteria 
 

Toxicity Test 
Negative Control 

Performance 
Standard 

Reference Sediment 
Performance 

Standard 1 
1-Hit Criteria 2-Hit Criteria 

Hyalella azteca 
10-day mortality Mortality ≤ 20% Mortality ≤ 25% 

   Mortality > 25% over control               Mortality > 15% over control 
 Statistically different from control 

sediment  
(p = 0.05) 

 Statistically different from control 
sediment  
(p = 0.05) 

Chironomus dilutus 
20-day mortality Mortality ≤ 32% Mortality ≤ 35% 

   Mortality > 25% over control    Mortality > 15% over control 
 Statistically different from control 

sediment  
(p = 0.05) 

 Statistically different from control 
sediment  
(p = 0.05) 

Chironomus dilutus 
20-day growth 

Mean individual 
growth/day  ≥ 0.6 

mg/day 

Mean individual 
growth rate   Mean growth rate < 60% control    Mean growth rate < 75% control  

≥ 80 percent of the 
control sediment 

 Statistically different from control 
sediment  
(p = 0.05) 

 Statistically different from control 
sediment  
(p = 0.05) 

Notes: 
 

1.   Test sediment results will be compared quantitatively and statistically directly against the control sediment results.
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Table 5-3  Hyalella azteca 10-day mortality results. 

Sample Mean mortality 
(%) MT - MC 1,2 MT - MC > 25%? MT - MC 3  MT - MC > 

15%? 

Statistically 
greater than 

control? 

Trans- 
formation 

1-Hit Criteria:  
MT-MC >25% 

and 
MT vs. MC SS  

(p = 0.05) 

2-Hit Criteria:  
MT-MC >15% 

and 
MT vs. MC SS  

(p = 0.05) 

Interpretation 

Control 
0.0 Negative Control Mortality  

≤ 20%.  Acceptable Test 
Control Mortality  

≤ 25%.  Acceptable Test --- --- --- --- --- 

KEN01Z 07102014 0.0 0.0 no 0.0 no no --- no no no hit 
KEN02Z 07102014 2.5 2.5 no 2.5 no no --- no no no hit 
KEN03Z 07122014 1.3 1.3 no 1.3 no no --- no no no hit 
KEN04Z 07122014  * 1.7 1.7 no 1.7 no no --- no no no hit 
KEN05Z 07122014 1.3 1.3 no 1.3 no no --- no no no hit 
KEN06Z 07112014 0.0 0 no 0 no no --- no no no hit 
KEN07Z 07112014 1.3 1.3 no 1.3 no no --- no no no hit 
KEN08Z 07112014 1.3 1.25 no 1.25 no no --- no no no hit 
Notes: 

          1. MC = Mean Control Mortality 
2. MT = Mean Test Station Mortality 
 
3.Test Sediments compared with the Beaver Creek Control Sediment 
* Due to insufficient sediment sample volume, only six replicates were used. 
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Table 5-4   Chironomus dilutus 20-day mortality results. 

Sample Mean 
mortality (%) MT - MC 1,2 MT - MC > 25%? MT - MC 3  MT - MC > 15%? 

Statistically 
greater than 

control? 

Trans-
formation 

1-Hit Criteria:  
MT-MC >25% 

and 
MT vs. MC SS  

(p = 0.05) 

2-Hit Criteria:  
MT-MC >15% 

and 
MT vs. MC SS  

(p = 0.05) 

Interpretation 

Control 14.3 Negative Control Mortality  
≤ 32%.  Acceptable Test 

Control Mortality  
≤ 35%.  Acceptable Test --- --- --- --- --- 

KEN01 Z07102014 26.3 12.0 no 12.0 no no --- no no no hit 
KEN02 Z07102014 33.8 19.5 no 19.5 yes yes arcsin no yes hit 
KEN03 Z07122014 13.8 -0.5 no -0.5 no no --- no no no hit 
KEN04 Z07122014 23.8 9.5 no 9.5 no no --- no no no hit 
KEN05 Z07122014 21.3 7.0 no 7.0 no no --- no no no hit 
KEN06 Z07112014 21.3 7.0 no 7.0 no no --- no no no hit 
KEN07 Z07112014 10.0 -4.3 no -4.3 no no --- no no no hit 
KEN08 Z07112014 13.8 -0.5 no -0.5 no no --- no no no hit 

           1. MC = Mean Control Mortality 
2. MT = Mean Test Station Mortality 
3. Test Sediments compared with the Beaver Creek Control Sediment  
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Table 5-5   Chironomus dilutus 20-day growth test results. 

Sample 
Growth - mean 

Individual AFDW 
(mg) 1 

Control 
Performance 
MIGC > 0.60 

mg/individual 2  

Reference Performance 
MIGC / MIGC ≥ 0.8 3  MIGT/MIGC 4 MIGT SS < 

MIGC (p = 0.05) Transformation 

1-Hit Criteria: 
MIGT/MIGC < 

0.6 
and 

MIGT SS < 
MIGC  

(p = 0.05) 

2-Hit Criteria: 
MIGT/MIGC < 0.75 

and 
MIGT SS < MIGC  

(p = 0.05) 

Interpretation 

Control 1.43 1.40 1.00     --- --- --- --- 
KEN01Z07102014 1.39 --- --- 0.97 no --- no no no hit 
KEN02Z07102014 1.47 --- --- 1.03 no --- no no no hit 
KEN03Z07122014 1.35 --- --- 0.94 no --- no no no hit 
KEN04Z07122014 1.43 --- --- 1.00 no --- no no no hit 
KEN05Z07122014 1.37 --- --- 0.96 no --- no no no hit 
KEN06Z07112014 1.58 --- --- 1.11 no --- no no no hit 
KEN07Z07112014 1.31 --- --- 0.92 no --- no no no hit 
KEN08Z07112014 1.44 --- --- 1.01 no --- no no no hit 
Notes: 
1. AFDW = Ash Free Dry Weight at the conclusion of the test 
2. MIGC  = Mean Individual Growth Control 
3.  Test Sediments compared with the Beaver Creek Control Sediment 
4. MIGT  = Mean Individual Growth Test 

 
 
 
 
Table 5-6   Summary of Results relative to the Freshwater Bioassay Guidelines 
Station Hyallela Survival Chironomus survival Chironomus Growth Summary Interpretation 
KEN01Z07102014 no hit no hit no hit no hit 
KEN02Z07102014 no hit X no hit no hit 
KEN03Z07122014 no hit no hit no hit no hit 
KEN04Z07122014 no hit no hit no hit no hit 
KEN05Z07122014 no hit no hit no hit no hit 
KEN06Z07112014 no hit no hit no hit no hit 
KEN07Z07112014 no hit no hit no hit no hit 
KEN08Z07112014 no hit no hit no hit no hit 
Notes: 

    "no hit" = passes DMMP Guideline 
X = hit under the 2-hit rule (minor hit) 
XX = hit under the 1-hit rule (major hit) 
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1. INTRODUCTION 
This Sampling and Analysis Plan (SAP) will govern the collections, analyses, and evaluations 
necessary to characterize sediments for the maintenance dredging of the federal navigation 
channel at Kenmore, WA.  This work is being conducted by Dalton, Olmsted and Fuglevand, 
Inc. (DOF) with Science and Engineering for the Environment, LLC (SEE). This SAP provides 
the overall sampling strategy, sediment collection methods, chemical testing methods, 
biological testing methods, and data reporting requirements for dredged material 
characterization. It also contains specific information for this sampling effort including 
Dredged Material Management Unit (DMMU) definition and volumes, staffing and analytical 
laboratory information, and cruise plan logistics.  


1.1 BACKGROUND 
As authorized by Congress, the Seattle District, U.S. Army Corps of Engineers (USACE) is 
responsible for maintenance dredging of the navigation channel at Kenmore, Washington 
(Figure 1-1).  The authorized depth of the channel is minus 15-feet LWLW (Lake Washington 
Low Water datum), with an allowance for one foot of advanced maintenance and one foot of 
overdepth dredging.  Thus, the total characterization depth for this project is -17 ft LWLW 


A bathymetric survey of the entrance channel was conducted by the Corps of Engineers first in 
July 2013, and then in April 2014.  These surveys indicated that maintenance dredging was 
needed. The estimated dredging volume to the authorized depth and with the allowable 
advanced maintenance and overdepth dredging, based on the 2014 data, is given in Table 1-1. 


The purpose of this SAP is to provide the data required by the Dredged Material Management 
Program (DMMP) agencies1 to make a determination regarding the suitability of the proposed 
dredged material for disposal at the Elliott Bay nondispersive open-water disposal site.    


Table 1-1  Kenmore Navigation Characterization Project Estimated Dredge Volumes 
Kenmore 


Navigation channel 
0+00 to 33+00 


Authorized 
Depth 


(feet LWLW) 


Estimated 
volume (cy) to 


authorized depth 


Characterization 
Depth (feet LWLW) 1 


Estimated Volume 
(cy) 1 


Without Side Slopes -15 5,060 -17 19,600 


With Side Slopes 2 -15 6,270 -17 22,960 


Notes: 
cy = cubic yard 
1.  Including advanced maintenance and overdepth 
2.  Side slopes for this project is 1 ft vertical: 2 ft horizontal. 


1 The agencies that jointly manage the Dredged Material Management Program (DMMP) in Washington State 
include the U.S. Army Corps of Engineers, the U.S. Environmental Protection Agency, and the Washington 
Departments of Ecology and Natural Resources. 
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1.2 HISTORY 
This project was ranked “high” for full characterization in 1996.  Fifteen DMMUs were 
sampled and tested.  Based on the chemical testing results, bioassay testing was required on 
three DMMUs; two DMMUs were determined to be unsuitable for open-water disposal: 
http://www.nws.usace.army.mil/Portals/27/docs/civilworks/dredging/Suitability%20Determinations/199
7/USACE-Kenmore-DY97-SDM%20(2).pdf 


A screening-level evaluation was conducted in the fall of 2012 to assess surface sediment 
quality in the federal channel and adjacent areas.  Benzyl alcohol exceeded the marine SL and 
benzoic acid exceeded the marine ML.  Phenol, bis(2-ethylhexyl)phthalate and zinc exceeded 
2006 freshwater guidelines.  The dioxin/furan concentrations in navigation channel ranged 
from 1.5 to 8.4 pptr TEQ. 


The results of this analysis can be found at: 


http://www.nws.usace.army.mil/Portals/27/docs/civilworks/dredging/Suitability%20Determinations/201
3/Kenmore-Navigation-channel-screening%20level-DY13-MFR_final.pdf  


The results of the 1996 characterization and 2012 screening-level evaluation support the 
retention of a high rank for the present characterization.   


1.3 PROJECT DESCRIPTION 
Dredging operations to maintain the authorized depth in the Kenmore navigation channel is 
indicated, but it is not known at this time the dredging would occur. There has also been 
increased barge and tug traffic in the channel due to construction activities associated with the 
SR-520 project.  The increased traffic has resulted in frequent resuspension of sediment in the 
navigation channel.  These factors result in significant uncertainty with respect to the final 
volume of sediment that will eventually need to be dredged.   


A bathymetric survey was conducted by the Corps in April 2014.  As part of the preparation of 
this SAP, DOF/SEE were provided the hydrosurvey data (Figure 1-1) and recalculated the 
volumes of material required to dredge to the authorized federal channel depth, with one foot of 
advanced maintenance and one foot of over-depth.   That recalculation, the assigned Dredged 
Material Management Units (DMMUs), and the samples required to characterize the sediments 
in those DMMUs are given in Section 4.1 


Material dredged from the Kenmore Channel found suitable for unconfined open water disposal 
will be disposed of at the Elliott Bay nondispersive open-water disposal site.  As such, the 
results of the analytical characterization will be compared to the DMMP Marine Guideline 
Values (Table 1-2). In addition to characterizing the dredged material, the sediment that will be 
exposed after removal of the dredging overburden (the z-layer), will be assessed for Washington 
State’s antidegradation compliance determination. The z-layer collected will be analyzed 
separately for the chemicals listed in the Washington State Sediment Management Standards 
(SMS) Freshwater Sediment Chemical Criteria (WAC 173-204-563).  The results of the 
chemical analyses for the z-layer material will be compared to the Freshwater Sediment 
Chemical Criteria (Table 1-2).  
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The sampling approach utilizes a modified tiered strategy for biological testing, in which 
chemical testing is first conducted and bioassays are performed on a DMMU, when that 
DMMU has one or more chemicals exceeding the marine chemical screening levels (SLs).  
Freshwater biological testing may be necessary to fully evaluate antidegradation compliance if 
the analytical results for the z-layer exceed the Freshwater Standards.  


This SAP has been prepared for the approval of the U.S. Army Corps of Engineers (USACE), 
Dredged Material Management Office (DMMO), and the Navigation Section, Seattle District, 
in coordination with the other DMMP agencies. Any significant deviations from the approved 
SAP must be coordinated in advance with the DMMO. 


1.4 PROJECT OBJECTIVES 
This SAP details the sample collection and analytical procedures to be used for the sediment 
characterization. It is designed to ensure that the collection, handling, and analysis of 
representative sediment samples fully characterize the dredging prism in accordance with the 
DMMP User’s Manual (USACE 2013a) protocols and quality assurance/ quality control 
(QA/QC) requirements.  The SAP also reflects the requirements for an anti-degradation  
determination consistent with the procedures described in the User’s Manual, in the SMS, and 
in the draft Draft Sediment Cleanup Users Manual II  (WDOE, 2012).  This SAP reflects 
modifications made through the DMMP annual review process (Sediment Management Annual 
Review Meetings [SMARM] updates).  All specific methods proposed in this SAP/QAPP are 
consistent with the guidelines presented in the Recommended Protocols for Measuring Selected 
Environmental Variables in Puget Sound (PSEP 1986; 1997a - d). 


1.5 SAMPLING AND ANALYSIS PLAN ORGANIZATION 
This SAP is organized by section as follows: 


• Section 1.0 – Introduction 
• Section 2.0 – Project Team and Responsibilities 
• Section 3.0 – Dredged Material Characterization Program 
• Section 4.0 – Sample Collection Procedures 
• Section 5.0 – Sample Handling and Documentation 
• Section 6.0 – Chemical Analyses 
• Section 7.0 – Biological Analyses  
• Section 8.0 – Data Analysis and Reporting  
• Section 9.0 – References 
• Appendix A – Health and Safety Plan 
• Appendix B – Field Forms 
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Table 1-2 DMMP Screening Level (SL), Bioaccumulation Trigger (BT) and Maximum Level (ML) 
Marine Guideline Chemistry Values, and Washington State Freshwater Sediment Quality Standards 
(SQS) and Cleanup Screening Levels (CSL) 


Chemical CAS(1) 
Number 


Marine Guidelines Freshwater Criteria 
SL BT ML SQS CSL 


Metals (mg/kg) 
Antimony 7440-36-0 150 --- 200 --- --- 
Arsenic 7440-38-2 57 507.1 700 14 120 
Cadmium 7440-43-9 5.1 11.3 14 2.1 5.4 
Chromium 7440-47-3 260 260 --- 72 88 
Copper 7440-50-8 390 1027 1300 400 1200 
Lead 7439-92-1 450 975 1200 360 >1,300 
Mercury 7439-97-6 0.41 1.5 2.3 0.66 0.8 
Nickel 7440-02-0 --- --- --- 26 110 


Selenium(2) 7782-49-2 --- 3 --- 11 >20 
Silver 7440-22-4 6.1 6.1 8.4 0.57 1.7 
Zinc 7440-66-6 410 2783 3800 3200 >4,200 
Organotin Compounds (µg/L) 
Tributyltin (interstitial water) 56573-85-4 --- 0.15 --- --- --- 
Tributyltin (bulk: µg/kg) 56573-85-4 --- 73.2 --- 47 320 
Dibutyltin (µg/kg)) 1002-53-5 --- --- --- 910 130,000 
Monobutyltin (µg/kg) 78763-54-9 --- --- --- 540 >4,800 
Tetrabutyltin (µg/kg) 1461-25-2 --- --- --- 97 >97 
Polycyclic Aromatic Hydrocarbons (µg/kg) 130498-29-2 --- --- --- 17000 30000 
Total LPAH --- 5200 --- 29000 --- --- 
Naphthalene 91-20-3 2100 --- 2400 --- --- 
Acenaphthylene 208-96-8 560 --- 1300 --- --- 
Acenaphthene 83-32-9 500 --- 2000 --- --- 
Fluorene 86-73-7 540 --- 3600 --- --- 
Phenanthrene 85-01-8 1500 --- 21000 --- --- 
Anthracene 120-12-7 960 --- 13000 --- --- 


2-Methylnaphthalene(3) 91-57-6 670 --- 1900 --- --- 
Total HPAH --- 12000 --- 69000 --- --- 
Fluoranthene 206-44-0 1700 4600 30000 --- --- 
Pyrene 129-00-0 2600 11980 16000 --- --- 
Benz(a)anthracene 56-55-3 1300 --- 5100 --- --- 
Chrysene 218-01-9 1400 --- 21000 --- --- 


Benzofluoranthenes (b, j ,k) 
205-99-2 


3200 --- 9900 --- --- 205-82-3 
207-08-9 


Benzo(a)pyrene 50-32-8 1600 --- 3600 --- --- 
Indeno(1,2,3-c,d)pyrene 193-39-5 600 --- 4400 --- --- 
Dibenz(a,h)anthracene 53-70-3 230 --- 1900 --- --- 
Benzo(g,h,i)perylene 191-24-2 670 --- 3200 --- --- 
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Table 1-2 DMMP Screening Level (SL), Bioaccumulation Trigger (BT) and Maximum Level (ML) 
Marine Guideline Chemistry Values, and Washington State Freshwater Sediment Quality Standards 
(SQS) and Cleanup Screening Levels (CSL) 


Chemical CAS(1) 
Number 


Marine Guidelines Freshwater Criteria 
SL BT ML SQS CSL 


Chlorinated Hydrocarbons (µg/kg) 
1,4-Dichlorobenzene 106-46-7 110 --- 120 --- --- 
1,2-Dichlorobenzene 95-50-1 35 --- 110 --- --- 
1,2,4-Trichlorobenzene 120-82-1 31 --- 64 --- --- 
Hexachlorobenzene (HCB) 118-74-1 22 168 230 --- --- 
Phthalate Esters (µg/kg)  
Dimethyl phthalate 131-11-3 71 --- 1400 --- --- 
Diethyl phthalate 84-66-2 200 --- 1200 --- --- 
Di-n-butyl phthalate 84-74-2 1400 --- 5100 380 1000 
Butyl benzyl phthalate 85-68-7 63 --- 970 --- --- 
Bis(2-ethylhexyl) phthalate 117-81-7 1300 --- 8300 500 22000 
Di-n-octyl phthalate 117-84-0 6200 --- 6200 39 >1,100 
Phenols and Substituted Phenols (µg/kg) 
Phenol 108-95-2 420 --- 1200 120 210 
2-Methylphenol 95-48-7 63 --- 77 --- --- 
4-Methylphenol 106-44-5 670 --- 3600 260 2000 
2,4-Dimethylphenol 105-67-9 29 --- 210 --- --- 
Pentachlorophenol 87-86-5 400 504 690 1200 >1,200 
Miscellaneous Extractables (µg/kg) 
Benzyl alcohol 100-51-6 57 --- 870 --- --- 
Benzoic acid 65-85-0 650 --- 760 2900 3800 
Dibenzofuran 132-64-9 540 --- 1700 200 680 
Hexachlorobutadiene 87-68-3 11 --- 270 --- --- 
N-Nitrosodiphenylamine 86-30-6 28 --- 130 --- --- 
Organochlorine Pesticides/SVOCs (µg/kg)           
DDD (4)  72-54-8 16 --- --- 310 860 
DDE (4) 72-55-9 9 --- --- 21 33 
DDT (4) 50-29-3 12 --- --- 100 8100 
sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT   --- 50 69 --- --- 
Aldrin 309-00-2 9.5 --- --- --- --- 
Beta-Hexachlorocyclohexane 319-85-7 --- --- --- 7.2 11 


Total Chlordane 
(sum of cis-chlordane, trans-chlordane, cis-
nonachlor, trans-nonachlor, oxychlordane) 


5103-71-9 
5103-74-2 
5103-73-1 


39765-80-5 
27304-13-8 


2.8 37 --- --- --- 


Endrin Ketone 53494-70-5 --- --- --- 8.5 ** 
Carbazole 86-74-8 --- --- --- 900 1100 
Dieldrin 60-57-1 1.9 --- 1700 4.9 9.3 
Heptachlor 76-44-8 1.5 --- 270 --- --- 
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Table 1-2 DMMP Screening Level (SL), Bioaccumulation Trigger (BT) and Maximum Level (ML) 
Marine Guideline Chemistry Values, and Washington State Freshwater Sediment Quality Standards 
(SQS) and Cleanup Screening Levels (CSL) 


Chemical CAS(1) 
Number 


Marine Guidelines Freshwater Criteria 
SL BT ML SQS CSL 


PCBs Aroclors (µg/kg) --- 130 38 (5) 3100 110 2500 
Dioxins/Furans (ng/kg) --- 4 (6) 10 --- --- --- 


Bulk Petroleum Hydrocarbons (mg/kg) NW-TPH Method           


TPH-Diesel 68334-30-5 --- --- --- 340 510 
TPH-Residual --- --- --- --- 3600 4400 
Ammonia and Sulfides, listed below, are used only to inform bioassay testing  
Ammonia 7664-41-7 --- --- --- 230 300 
Total Sulfides 18496-25-8 --- --- --- 39 61 
Notes: 
1  Chemical Abstract Service Registry Number  
2  As no SL value exists to trigger toxicity testing, this chemical will only be evaluated for its bioaccumulative potential. 
3  2-Methylnaphthalene is not included in the summation for total LPAH for the Marine SLs.  Both 1-Methylnaphthalene and 2-


Methylnaphthalene are included in the sum of total PAHs for comparison to the freshwater SQS and CSL.  
4  For comparison to the marine standards, only the 4,4’ isomers of DDx are used. For comparison to the freshwater standards, 


DDTs and derivatives are calculated as follows: total DDDs, total DDEs, and total DDTs, (2,4’ and 4,4’ isomers in each 
case).  


5  This value is normalized to total organic carbon, and is expressed in mg/kg carbon.  
6   For disposal at non-dispersive sites, projects must have a volume weighted average of 4 pptr TEQ or less, with no single 


DMMU having a concentration greater than 10 pptr TEQ. Disposal of material with more than 10 pptr TEQ or not meeting the 
volume weighted average of 4 pptr TEQ is subject to DMMP Best Professional Judgment (BPJ) 


**  No freshwater criteria available 
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2. PROJECT TEAM AND RESPONSIBILITIES 
Figure 2-1 shows project responsibilities and roles for personnel contributing to the Kenmore 
Channel sediment characterization program. The project planning, direction, and agency 
coordination is being led by the USACE. The contractor team supporting this program is led by 
Dalton, Olmsted and Fuglevand DOF), with principal subcontractors that include Science and 
Engineering for the Environment (SEE) LLC, Browning Environmental Services (BES), Pyron 
Environmental Inc., Exa Data and Mapping Services (Exa), Analytical Resources Inc. (ARI), and 
Northwestern Aquatic Sciences (NWAS). Contact information for key USACE and DOF/SEE 
personnel are listed in Table 2-1. 


Figure 2-1 Project Organization Chart 


 


2.1 USACE MANAGEMENT TEAM 


2.1.1 Contracting Officer’s Representative 


Mr. Craig Morton of the Navigations Section will be the Contracting Officer’s Technical 
Representative (COR) responsible for completing the sampling program. The COR monitors all 
technical aspects of the contract and assists in contract administration.  The COR is authorized to 


     Contracting Officer’s Representative – Craig Morton 
        Contract Technical Representative – Kelsey van der Elst 


PROJECT MANAGEMENT TEAM 
Project Manager – Nancy Case O’Bourke (DOF) 
Project Technical Lead – Tim Thompson (SEE) 


TECHNICAL SUPPORT TEAM 
Field Support – Teal Dreher (DOF) 
GIS Mapping – Lee Barras (DOF) 


Senior Chemist – Mingta Lin (Pyron) 
Data Management – Peggy Myre (Exa) 
Analytical Lab – Cheronne Oreiro (ARI) 


Bioassay Laboratory – Gerald Irissarri (NWAS) 
Marine Sampling Systems – Dale Dickinson (MSS) 
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perform the following functions:  assure that the Contractor performs the technical requirements 
of the contract;  perform inspections necessary in connection with contract performance; 
maintain written and oral communications with the Contractor concerning technical aspects of 
the contract; issue written interpretations of technical requirements, including USACE drawings, 
designs, specifications; monitor Contractor's performance and notifies both the Contracting 
Officer and Contractor of any deficiencies; coordinate progress payments and delivery schedules.   


2.1.2 Contract Technical Representative 


Ms. Kelsey van der Elst of the Dredged Material Management Office (DMMO) is the designated 
Contract Technical Representative (CTR) for this program. The CTR responsibilities include 
keeping the COR informed of project schedule, budget, and scope changes. She has overall 
responsibility for achieving the technical objectives of this project, including development of 
data quality objectives, selection of analytical methods and laboratories, approval of QA/QC 
procedures, and review of daily field reports. In addition, Ms. Van der Elst will be the primary 
liaison with the other agency members of the DMMP: EPA, Washington State Department of 
Ecology (Ecology) and Department of Natural Resources (DNR).  


The CTR will work closely with the Contractor Team, will be immediately notified if problems 
arise, and will approve changes to the SAP if such changes are warranted. In the event that 
changes are needed, they will immediately notify the COR, discuss the proposed changes, and 
furnish a description of the changes. 


2.2 CONTRACTOR TEAM 


2.2.1 Project Management Team 


2.2.1.1 Project Manager 


Ms. Nancy Case O’Bourke is the Contractor Project Manager (PM). The PM has overall 
responsibility for implementing the project activities and monitoring the project progress, and 
interacting with the USACE. The PM is responsible for planning, scheduling, cost control, and 
completion of project tasks. The PM also has overall responsibility for developing and 
implementing this management plan, monitoring the quality of the technical and managerial 
aspects of the project, and ensuring the timeliness of all project deliverables. 


2.2.1.2 Project Technical Lead 


Mr. Tim Thompson of Science and Engineering for the Environment (SEE) is the Project Team 
Technical Lead (PTL). The PTL serves as a secondary point of contact for the USACE, and 
provides the overall technical direction in consult with the USACE. The PTL will be responsible 
for developing the work plans, coordinating and assisting the field collection team, ensuring that 
the resultant data from the analytical and bioassay labs meet the program requirements, and to 
lead the interpretation and report writing. The director also will function as the Site Safety 
Officer and will be responsible for the safe operation of the field teams.  
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2.2.2 Technical Support Team 


2.2.2.1 Field Support 


Ms. Teal Dreher of DOF will provide both field and processing support. 


2.2.2.2 GIS, DMMU-designation, and Sample Location Identification 


Mr. Lee Barras of DOF will be responsible for producing the figures from the April 2014 
hydrosurvey data. Mr. Barras will work with the CTR to review those figures, set the appropriate 
DMMUs, calculate the dredge volumes associated with each of those DMMUs, and work with 
the CTR and the PTL to set the sampling locations.  


2.2.2.3 Project Chemist  


Mr. Mingta Lin of Pyron Environmental is the project chemist. The Project Chemist will be 
responsible for laboratory coordination, oversight and will conduct the quality review of 
analytical data. The project chemist will be the final arbiter of any data qualifiers that may be 
needed to the laboratory-reported result. A data validation report will be written for the project, 
and will be included in the appendices of the final report. 


2.2.2.4 Data Management  


Ms. Peggy Myre of Exa will be responsible for the overall project data management. Using the 
validated analytical data, Exa will produce the necessary tables for the report, and input the data 
into Ecology’s Electronic Information Management System (EIMS).  


2.2.2.5 Analytical Laboratory Analyses 


Analytical processing of samples collected in the field will be conducted by ARI. Ms. Cheronne 
Oreiro of ARI will be responsible for analysis of metals, organics, and sediment conventional 
analyses. The laboratories will handle and analyze the submitted samples in accordance with 
DMMP and Puget Sound Estuary Program (PSEP) protocols. Analytical laboratory reports of 
analytical results and QA/QC procedures will be included as appendices in the final data report.  
Chemical analyses and associated methods are discussed in Section 6. 


2.2.2.6 Bioassay Analysis 


Bioassay analyses will be conducted by Northwestern Aquatic Sciences (NWAS). Gerald 
Irissarri of NAWS will serve as the biological laboratory project manager. The biological 
laboratory will conduct bioassays in accordance with DMMP biological testing and QA/QC 
requirements. The biological laboratory report, including bioassay test, reference, negative 
control, positive control, and water quality results, will be included as an appendix in the final 
data report. The suite of bioassays, along with the protocol modifications to be conducted with 
sediment samples collected is discussed in Section 7. 


2.2.2.7 Sampling Vessel Support 


Sampling will be conducted with Marine Sampling Systems.  Mr. Dale Dickinson, captain. 
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Table 2-1    Project Contact Information 
   Agency/Contact Title E-Mail Address Phone Number 


USACE/ Craig Morton COR craig.d.morton@usace.army.mil 206-764-3742 
USACE/Kelsey van der Elst CTR kelsey.vanderelst@usace.army.mil 206-764-6945 
DOF/ Nancy Case O'Bourke Project Manager ncase@dofnw.com 425-827-4588 
SEE/ Tim Thompson Project Technical Lead tthompsonseellc@gmail.com 206-418-6173 
DOF/Lee Barass GIS Mapping     
Pyron / Mingta Lin Senior Chemist mingta_lin@comcast.net 360-867-9543 
Exa Environmental/ Peggy Myre Data Management peggy@exadata.net 360-379-9003 
Marine Sampling Systems/Dale 
Dickinson Boat Captain msampling.dale@gmail.com  206-276-8677 


Laboratory Project Manager E-Mail Address Phone Number 
Analytical Resources Inc (ARI) Cheronne Oreiro cheronneo@arilabs.com 206-695-6214 
Northwestern Aquatic Sciences (NWAS) Gerald Irissarri girissarri@nwaquatic.com 541-265-7225 
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3. DREDGED MATERIAL CHARACTERIZATION PROGRAM 


3.1 SEDIMENT ACCUMULATION IN KENMORE NAVIGATIONAL CHANNEL 
The DMMP Users’ Manual (2013a) specifies the evaluation process for sediments that are being 
evaluated for disposal at the Elliot Bay non-dispersive disposal site.  Setting the number of 
DMMUs and the associated sampling/characterization requirements is determined based upon 
consideration of the depth of the material to be dredged; whether sediments accumulated are 
heterogeneous or homogenous in nature, and the overall ranking of the project area relative to the 
potential to encounter chemicals of concern (COCs) in the dredged material.   


For the Kenmore channel, the DMMP has designated all of the material in the Kenmore Channel 
as “heterogeneous” “surface” material (RFP 14T002 Performance Work Statement [PWS]). For 
this project there is very little material deeper than 4 feet and the material that is deeper than 4 
feet cannot be dredged separately. Therefore, the DMMP determined that all sediment can be 
considered to be surface sediment. The DMMP also determined that as the accreted material has 
accumulated slowly over many years it should be considered heterogeneous in nature.  


Projects in the Kenmore area of Lake Washington are ranked “high” under DMMP. The 
minimum number of DMMUs and samples under the DMMP guidelines for heterogeneous 
surface sediment in high-ranked areas is as follows: one field sample for every 4,000 cy and one 
DMMU for every 4,000 cy (rounded up to the nearest whole number).  For this project then, only 
one core is required per DMMU to characterize the dredged material.  However, in order to 
provide spatial coverage within each DMMU, the DMMO determined that two cores will be 
required for each DMMU.  The addition of a second core will also ensure that sufficient 
sediment is collected to fully characterize the sediments that will be exposed after dredging, the 
z-layer. 


The April 2014 bathymetric data collected by the USACE were compiled and contoured (Figure 
1-1). The objectives of the data analysis were to identify shoaling spatial patterns for sediment 
accumulation in the navigation channel and to determine the relative volumes of accumulated 
material in each reach. This information was used to identify the approximate volume of 
accumulated material by DMMU, and to set the sampling locations that will make up the 
DMMU composite sample. Figures 3-1 6 show the spatial distribution and sediment 
accumulation above channel design depth2 in the Kenmore Navigation Channel. Figure 3-2 
shows a typical cross section through the channel that demonstrates the federally authorized 
depth with advanced maintenance and allowable over-dredge, and the slope setbacks, that were 
used to calculated the dredge volumes and DMMUs. 


The PWS specified that the dredging prism will be divided into 8 DMMUs, and that the DMMU 
boundaries be drawn with a conceptual dredging plan in mind. That is, the DMMUs must be 
capable of being dredged independently of each another. The 8 DMMUs determined from the 
April 2014 hydrosurvey are shown on Figure 3-1, with boundary coordinates for the DMMUs        


2 The channel maintenance dredging depth is -15 ft Lake Washington Low Water (LWLW) datum.   
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given in Table 3-1.  Preliminary boundaries, volumes and sampling locations were vetted with 
the DMMO prior to submittal of this SAP.  


The dredged material volumes from the April 2014 (in cubic yards) per DMMU are given in 
Table 3-2.  The PWS required the application of a contingency factor to the calculated volume to 
bring the final volume up to approximately 30,000 cy (PWS-23).   


Target sampling stations are shown on Figure 3-1, with coordinates and expected depths given in 
Table 3-3.  There are a total of 16 coring locations: 2 core locations for each of the eight 
DMMUs are required to provide representative spatial coverage and adequate volumes of 
sediment for characterization.  These 16 coring locations were selected based upon the thickest 
shoaling of sediments above the target dredge depth; i.e., these were the shallowest areas within 
each of the DMMUs. 


For each DMMU, the over-burden material (mudline to -17 ft LWLW) from the two cores will 
be composited and subsampled for the COCs as defined in Section 6 and the potential biological 
analyses as described in Section 7.  Likewise, the z-layer sediments (-17 to -19 ft LWLW) will 
be separately composited and subsampled for those analyses.  Collection and compositing 
procedures are described in Section 4. 


3.2 FIELD SAMPLING SCHEDULE 
The anticipated schedule for implementation of this SAP is as follows: 


Activity Schedule 
SAP/QAPP Approval June 2014 
Mobilize Sediment Sampling Team July 2014 
Complete Sediment Sampling July 2014 
Submit Draft Sediment Characterization Report August 2014 
Review of Report by DMMP September 2014 
Revisions and submit Final Report October 2014 
Submittal of Final Data Package including EIMS October 2014 


 


Additional field work requiring execution as a contingency will result in the extension of the 
above schedule. 
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Table 3-1   Kenmore Navigation Channel 2014 Dredged Material Management Units 


DMMU Northwest Corner Northeast Corner Southeast Corner Southwest Corner 
Latitude Longitude Latitude Longitude Latitude Longitude Latitude Longitude 


KEN-01 47.755064 122.260532 47.756737 122.256412 47.756502 122.256202 47.754688 122.260197 
KEN-02 47.754610 122.261367 47.755064 122.260532 47.754688 122.260197 47.75433 122.260767 
KEN-03 47.754190 122.261797 47.754610 122.261367 47.75433 122.260767 47.753974 122.261332 
KEN-04 47.753724 122.262273 47.754190 122.261797 47.753974 122.261332 47.753538 122.261872 
KEN-05 47.753322 122.262685 47.753724 122.262273 47.753538 122.261872 47.753135 122.262284 
KEN-06 47.752960 122.263055 47.753322 122.262685 47.753135 122.262284 47.752774 122.262654 
KEN-07 47.752492 122.263535 47.752960 122.263055 47.752774 122.262654 47.752305 122.263134 
KEN-08 47.750387 122.265689 47.752492 122.263535 47.752305 122.263134 47.7502 122.265287 
Notes: 


        1.  DMMUs are numbered sequentially from north-to-south 
2.  Latitude and Longitude are in decimal degrees NAD83 
  


Date: July 8, 2014  3-3 







Kenmore Sampling and Analysis Plan 
Federal Navigation Channel – Kenmore, WA 


 


Table 3-2   Kenmore DMMU Estimated Volumes and Volumes with Contingency Factor 


DMMU 1  
 


DMMU Volume (cy) 


2014 Hydrosurvey Estimated Volume 2 Contingency Factor 3 Final DMMU Volume 


KEN-01 2877 30% 3750 
KEN-02 2839 30% 3700 
KEN-03 2907 30% 3800 
KEN-04 2862 30% 3750 
KEN-05 2830 30% 3700 
KEN-06 2929 30% 3800 
KEN-07 2891 30% 3750 
KEN-08 2872 30% 3750 
Notes: 


   1.  DMMUs are numbered sequentially from north-to-south 


2.  Volume estimated based on the federal navigation channel boundaries, a total dredge depth to -17 ft LWLW, and a 1V:2H side slope 


3.  Contingency factor calculated based on a conservative target dredged volume of 30,000 cy, divided by the estimated volume from the 2014 survey 
4.  All final DMMU volume quantities are rounded to the nearest 50 cy.  All estimated volumes are rounded to the nearest 1 cy. 
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Table 3-3   Target Sampling Locations and Intervals 


DMMU Station 
Latitude Longitude Depth to 


Mudline 
Degrees  


(ft LWLW) 


Depth to 
Federal 
Channel 
Depth (ft 
LWLW) 1 


Nominal Depth 
of Shoaling  


(ft below 
mudline 


elevation) 


Estimated  
Z-sample 
Interval 
(ft below 
mudline) 


Total 
Drive 


Length 
(ft) 


Core 
Tube 


Length 
Required 


(ft) 
(Degrees North 


American Datum 83) 


KEN01 1 47.755592 122.259118 -15.4 


-17.0 


-1.6 


-2.0 


3.6 5.0 
2 47.7555062 122.260445 -14.5 -2.5 4.5 7.0 


KEN02 3 47.754798 122.261084 -13.3 -3.7 5.7 7.0 
4 47.754476 122.260614 -13.7 -3.3 5.3 7.0 


KEN03 5 47.754398 122.261523 -13.4 -3.6 5.6 7.0 
6 47.754158 122.261129 -13.8 -3.2 5.2 7.0 


KEN04 7 47.753952 122.261434 -11.7 -5.3 7.3 9.0 
8 47.753762 122.262177 -14.3 -2.7 4.7 6.0 


KEN05 9 47.753500 122.262444 -14.4 -2.6 4.6 6.0 
10 47.753351 122.262109 -11.5 -5.5 7.5 9.0 


KEN06 11 47.753227 122.262675 -14.3 -2.7 4.7 6.0 
12 47.752992 122.262528 -12.0 -5.0 7.0 8.0 


KEN07 13 47.752793 122.263123 -14.5 -2.5 4.5 6.0 
14 47.752582 122.262925 -12.5 -4.5 6.5 8.0 


KEN08 
15 47.752263 122.263232 -13.4 -3.7 5.7 7.0 
16 47.751898 122.264082 -14.4 -2.6 4.6 6.0 


          
Notes:          
1.  Authorized navigation depth + 1 ft overdredge + 1 ft advanced maintenance      
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4. SAMPLE COLLECTION PROCEDURES 
Sediment sampling and characterization will follow the procedures described here in this SAP. 
QA/QC procedures for the project are provided in Section 7. All personnel conducting sediment 
sampling activities will be required to read, and follow the safety procedure defined in the Health 
and Safety Plan (Appendix A). 


For the Kenmore project, 16 cores from the eight DMMUs will be collected using a vibracore 
over two days. Coring station locations, the expected depth to mudline, and the total drive 
lengths required are given in Table 3-3. At the end of each day, the cores will be transported to 
ARI where they will be held at 4⁰ C until processing begins on Day 3 at ARI. Field sample 
collection and sample processing is expected to take no more than 5 days. Daily field reports will 
be filed by the project team with the DMMO (Appendix B).  


4.1 SAMPLING VESSEL, NAVIGATION AND POSITIONING 
Sediment core samples will be collected using a vibracore system deployed from the R/V Peter R 
operated by Marine Sampling Services.  


A differential global positioning system (DGPS) will be used to navigate to, occupy, and 
document all over-water stations aboard the Peter R. A Trimble 4000 RS DGPS utilizing the 
U.S. Coast Guard differential signal from Seattle, WA will be interfaced to a computer running 
software enabling real-time plan view navigation to the required sampling stations. The GPS 
receiver onboard the Peter R is located directly over the A-frame that deploys the grab sampler; 
location corrections will not be required. Station coordinates will be digitally recorded and 
written in the field logs at the time of collection of each sample. All station coordinates will be 
recorded in latitude and longitude as decimal minutes with a minimum precision of four (4) 
decimal places3 and shall be based on the North American Datum of 1983 (NAD 83). 


Prior to the start of field collections during each day of survey operations, a known horizontal 
control point will be occupied to ensure the accuracy of the positioning and navigation systems. 
Horizontal control points will be established at the Kenmore Marine at the start of field 
operation.  All daily navigation checks are expected to be within ±2 meters. 


Vertical control will be based on the reported real-time operating lake levels maintained by the 
Corps for Lake Washington at the Kenmore Gage. This gage reports Lake Washington elevations 
in feet above Lake Washington Low Water datum (LWLW). Those water elevations are reported 
hourly by the Corps at http://www.nwd-wc.usace.army.mil/nws/hh/www/index.html#.  The 
corresponding water depths (depth to mudline) will be confirmed at each station with a direct 
lead-line reading and corrected to LWLW using the hourly Lake Washington elevation. Depth-
to-mudline and LWLW-corrected elevations will be recorded in the field notebook and on the 
sediment drive logs. 


3 The DMMP standard and Performance Work Statement requirement of recording decimal-degrees to six (6) 
decimal places is equivalent to degree decimal-minutes to four (4) decimal places. 
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4.2 SAMPLE EQUIPMENT CLEANING 
Prior to sampling all core tubes will have been washed with a cleaning detergent (e.g., Alconox®) 
and rinsed.  For all sub-sampling equipment (e.g., stainless steel bowls and utensils), the 
equipment will first be cleaned with water and detergent, using a brush to remove particulate 
matter, and then rinsed with de-ionized water (DI). The equipment will then be rinsed with 
isopropyl alcohol, followed by DI, then a 1% nitric acid rinse, rinsed again with DI, and wrapped 
or covered with aluminum foil until use. 


The isopropyl alcohol and nitric acid rinsates will be properly handled and disposed of as 
investigative-derived wastes.   Residual sediments not used for compositing will be discarded 
back at the site, or at an appropriate upland disposal facility.  


4.3 SUBSURFACE SEDIMENT SAMPLE COLLECTION PROCEDURES                                                                                                                                       


4.3.1 Equipment 


The following equipment is necessary to collect sediment cores: 


• Research vessel with winch 
• Vibracore with 4-inch diameter aluminum tubes (8- to 20-ft. length) 
• DGPS Positioning System  
• Integrated Navigation System 
• Sediment coring log form and field logs 
• Pre-cleaned sample containers and labels 
• Processing table and supplies (e.g., gloves, foil, coolers, plastic drop cloth) 
• Core sectioning equipment (pipe cutters, saw, caps) 
• Decontamination materials and buckets 
• Aluminum trays or foil and rubber mallets 
• Tape Measure 
• Core sample holders 
• Camera for photo documentation 


4.3.2 Sampling Methods for Coring 


Cores will be collected in a 4-inch inner-diameter decontaminated aluminum core tube. A 
continuous core sample will be collected based upon the drive lengths given in Tables 3-1. The 
sediment core procedure includes the following: 


• All data from sediment core collection is recorded real-time onto field logs.  


• The sampling vessel is maneuvered to the designated target coordinates for dredge 
prism stations using the DGPS and an on-board navigation system.  


• Prior to occupying a sampling station a pre-cleaned aluminum core barrel fit with                                                                          
a core-catcher is set into the vibracore apparatus. 
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• Once the boat is in the general proximity of the planned sampling station and target 
sediment elevations verified, the coring apparatus is lowered vertically through the 
water column until just above the sediment surface. The boat is positioned to within 
±3 ft of the designated target coordinates for dredge prism stations, and the core 
unit is set on the sediment surface. 


• Prior to core collection, the depth to mudline is confirmed with a lead line.  The 
depth is measured in decimal feet, converted to the appropriate datum, checked 
against the expected depth in Table 3-3, and recorded in the field log. 


• The core is allowed to freefall into the sediment column until penetration ceases. 
The depth of penetration into the sediment column from free fall is recorded.  


• The vibracore unit is switched on, and the progress of the core’s descent through 
the mud is monitored until the target penetration depth or refusal is encountered. 
Over-sampling will be accomplished to maximize retention of sediment within the 
core barrel.  


• For each core attempt, the station name, latitude/longitude, time of collection, depth 
to mudline, tidal stage at the time of collection, the corrected depth measurement 
(referenced to LWLW), depth of drive, and total drive time are noted in the field 
log. 


• The core apparatus is retrieved and brought back onboard. The field crew will note 
the condition (texture, color, presence of debris) of the material in the bottom of the 
core, and then fix a plastic cap over the tube to retain material prior to removing the 
tube for cutting.  


• The amount of material retained in the core tube is measured and recorded in the 
field log. Recovery is defined as the amount of sediment retained (acquisition) in 
the core tube divided by the amount the core tube penetrated into the sediment 
column (penetration). Compare the length of the recovered core to the station core 
penetration depth. The target percent recovery is 85%, but 75% will be the minimal 
acceptable core recovery.  If the length of the core is less than 75 percent of the core 
penetration depth, the core material will be discarded away from the collection area, 
the core tube cleaned, and loaded into the vibracore for resampling. 


• If the core is discarded due to insufficient retention or because the target strata are 
not represented in the core sample, two additional coring attempts will be made 
before contacting the Corps for guidance. One option to be evaluated after three 
failed attempts is relocation of the station to a more suitable location that is still 
representative of the dredge prism. The DMMO will be contacted prior to making 
the location adjustment 


• Once a successful core has been obtained, the tube is placed into an onboard cutting 
jig; the sediment surface is measured and marked on the outside of the core tube 
(scoring the metal). Depending on the length of the drive, the tube may be cut into 
4- to 6-ft segments for ease of transport. Each interval is marked with the station 
name, the core interval (i.e., A, B, or C and depth below the mudline) and the 
direction to the top of the core. Once cut, the scored labels may be written over with 
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a permanent marker. This information is also entered into the field and sample logs 
so that the continuous core can be reconstructed from the segments for photo-
documentation and processing at the laboratory facility. 


• The tubes are cut and capped, and the caps are secured with duct tape. The station, 
date, time, interval, and a direction arrow to the top of the tube are made with a 
permanent marker on the duct-taped cap.  


• The cut and marked core intervals are stored vertically in a core rack, with ice on 
the boat.  At the end of the day, the cores will be transported (vertically) to ARI 
where they will be held at 4⁰ C until processing.   


Penetration of the core barrel into the sediments will be monitored acoustically, using a 
downward-looking transducer that is mounted on the core head. As the core head descends and 
the core tube penetrates into the sediment column, the change in elevation of the core head above 
the seafloor is measured by the transducer. Rate of penetration and notable features in the 
penetration (i.e. depth within the sediment column where penetration rate changes) will be 
recorded in the core acquisition log. 


4.3.3 Field Measurement Procedures 


All information concerning the collection of cores will be entered in a field notebook and/or core 
log form (Appendix B). At a minimum, this will include the station ID, date, time of collection, 
depth of core, rate of penetration, visual evidence of anthropogenic materials, presence of woody 
debris, odors, and any other features that may affect the quality of data.  


Once retrieved, acquisition will be determined by measuring the amount of sediment within the 
core tube. Percent recovery will be recorded as recovery length divided by drive length 
multiplied by 100. While the targeted percent recovery is 85%, the minimum acceptable percent 
recovery is 75%.  Each section will be covered with aluminum foil and capped to prevent 
leakage of porewater. Any water overlying the core will be siphoned or drained prior to cutting 
into segments. Each segment will be labeled with station name, replicate, time, date, interval 
below mudline, and a direction arrow indicating the direction to the top of the tube. 


4.4 CORE PROCESSING  
Sectioning, logging, subsampling, and compositing of the core samples will occur at ARI in 
Tukwila, WA.  All cores will have been transported to ARI at the end of each sampling day for 
holding at 4°C ±2°C.  Processing is expected to begin on day 3 and conclude on day 4 of field 
operations. 


Prior to processing, each core tube will be re-measured and its mass measured and recorded so 
that a field-estimate of the bulk density of each core segment can be made. The bulk density of 
the sediment will be calculated using the following equation: 
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BD = [(MS+C) – MC] / [LC x πrc
2] 


where: 


BD = Bulk density (grams/centimeter3) π = 3.14 
MS+C = Mass of sediment plus core (grams) LC = Height of sampled sediment column (cm) 
MC = Mass of empty core (grams) rc = internal radius of the core tube  (4.8 cm) 


 
Core segments will be cut longitudinally by scoring each segment lengthwise and then splitting 
the tube to expose the sediment. All processing will occur on a paper-covered processing table.  
Each core will be logged with time, date, personnel, sediment type, stratigraphic features and the 
presence or absence of any visible contamination recorded in the core log (Appendix B).  In 
addition, photographs of each core segment will be taken.  Each core photograph will also 
include a label denoting station, replicate, time and date along with a scale. Each core will be 
examined by the senior sediment scientist, and those observations will be recorded in a sediment 
coring log.   


4.5 SAMPLE COMPOSITING AND SUBSAMPLING 


4.5.1 Subsampling for Sulfide Analyses 


For each station, the first action that will be performed on the cores is to collect a sediment 
sulfide sample from a single core for each station and strata, following the procedures described 
in Section 4.5.1. 


Samples for sediment sulfide analyses will be collected as follows: (1) a sub-sample from a 
single core for each DMMU and strata (over-burden and z-layer) prior to compositing, (2) sub-
sampled from the composite sample for each DMMU and strata at the time of collection (Day 0), 
and (3) sub-sampled from the archived bioassay sediment composite for each DMMU and strata 
twenty-one days after compositing (Day 21).  Each sample will be fixed with zinc acetate at the 
time the sulfide sample is collected.   


For sulfides analysis, 8 mL of 2N zinc acetate will be placed in a 4-oz sampling jar. The sulfides 
sample (approximately 50 g) will be placed in the jar, covered, and shaken vigorously to 
completely expose the sediment to the zinc acetate.  


The sulfides sampling jars will be clearly labeled with the project name, sample/composite 
identification, type of analysis to be performed, date and time, names of the samplers, and 
referenced by entry into the log book (Section 6.3). The sulfides sample jar labels will indicate 
that zinc acetate has been added as a preservative. 


4.5.2 Subsampling of Sediment from Each Individual Core  


Prior to compositing, an 8-oz jar of sediment will be collected from each individual core 
(mudline to -17 ft LWLW) and z-sample (-17 to -19 ft LWLW) and archived frozen. 
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4.5.3 Compositing Method 


For each sediment core, the strata to be composited will be delineated based on mudline to -17 ft 
LWLW (dredged material), and -17 to -19 ft LWLW (z-layer). Sediments for compositing for the 
dredged material characterization will be collected from the exposed center portion of the core to 
the degree practicable; the outermost 0.25 cm will be discarded. Given the limited volume that 
will be obtained in the z-layer (two cores, two feet) all the material will be retained.   


For subsampling, the sediment in the cores will not be adjusted for compaction/recovery. 
Although information regarding penetration rate is monitored and evaluated, without 
corresponding information measuring acquisition and retention during core pullout, there is no 
effective means to discern where sediment loss (sediment lost from the bottom of the core due to 
suction) or evasion (pile driving or blockage of the core nose) occurs within the sediment column 
during the entire coring process. As a result, measuring vertically down from the sediment 
surface without a correction for recovery will be employed as a conservative approach. 


Subsamples will be taken along the entire length of each core section to make up the composite. 
The dredged material and the z-layer material will be collected and composited separately, and 
each will be mixed to visible uniformity in pre-cleaned stainless steel bowls. Subsamples from 
this homogenate will then be transferred into the appropriate containers for individual analyses 
and archive as shown in Table 4-2. Each jar is labelled according to the requirements listed in 
Section 5.1, and then processed and shipped according to sample handling and custody 
procedures as described in Section 5.2 through 5.4. 


For the dredged-material characterization, a minimum of 12 L of homogenized sample will be 
composited to provide adequate volume for all analyses. Sample aliquots for chemistry (other 
than the subsamples for total sulfides as discussed above) and bioassay samples will be taken 
from the same homogenate. For the z-layer characterization, the maximum volume that can be 
collected from the two-foot interval for the two cores in each DMMU is 8 L.  All material from 
the z-layer will be retained. 


4.6 FIELD QUALITY CONTROL SAMPLES 
Field duplicate samples and sufficient volume for matrix spike/matrix spike duplicate 
(MS/MSD) samples will be collected and submitted to the laboratory to provide a means of 
assessing the quality of data resulting from the field sampling program. QC sample requirements 
are presented in Table 4-3.  


4.6.1 Field Homogenate Split Samples 


A split sample from a homogenate will be collected to evaluate sampling reproducibility. The 
homogenate split samples will be collected in conjunction with and analyzed by the same 
methods as the primary sample. Homogenate split samples will be collected at a frequency of 
one sample for up to every 20 collected.  For this program, one field homogenate split sample 
will be submitted blind to ARI, with sample numbers that are indistinguishable from the primary 
samples. QC criteria and calculations for reporting the relative percent difference (RPD) of 
homogenate split samples are described in Section 7. 
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4.6.2 Matrix Spike/Matrix Spike Duplicates  


MS/MSD samples are used to assess sample matrix interferences and to measure the accuracy 
and precision of the analyses. Known concentrations of analytes are added to environmental 
samples. The spiked samples are then processed through the entire analytical procedure and the 
recovery of the analytes is calculated. Results are expressed as percent recovery of the known 
spiked amount (and RPD for MS/MSD pairs). The MS/MSDs will be collected and analyzed at a 
rate of 5 percent of the field samples for each analytical method or at least one for each analytical 
batch, whichever frequency is greater. 


Homogenate split and MS/MSD samples will be collected from different locations. If possible, 
MS/MSD samples will not be collected from locations with potentially high concentrations of 
target analytes that may mask the added MS/MSD compounds. 


4.6.3 Temperature Blanks 


One temperature blank will be prepared and submitted to the laboratory with each cooler. The 
temperature blank will consist of a sample jar containing water, which will be packed in the 
cooler on ice in the same manner as that for the rest of the samples. The temperature blank is to 
be used to measure the cooler temperature upon receipt of the cooler at the laboratory. 


4.6.4 Rinsate Blanks 


Rinsate blanks (equipment decontamination rinsates) will not be necessary for this program. 


4.7 BIOASSAY REFERENCE SEDIMENT COLLECTION 
Reference sediment(s) may be required for biological testing to assess suitability for open-water 
disposal at the Elliott Bay disposal site. If the marine-species bioassays are required, reference 
sediments will be collected in Carr Inlet from a known location with suitable matching physical 
characteristics to the Kenmore stations.  


If the antidegradation requires biological testing to complete the determination of compliance, a 
freshwater-species reference sediment will not be required.  Results of those bioassays will be 
compared to the control sediment (See Section 7).  


The need for a reference sediment and potential reference location(s) will be determined by the 
DMMO after evaluation of the sediment conventional analytical data.  This section describes the 
procedures for collecting, logging, and compositing the reference sediment samples. 


4.7.1 Surface Sediment Collection 


Surface sediment samples will be collected using a 0.25-square meter hydraulically-driven power 
grab from the R/V Peter R. Surface sediments for dredged material characterization are defined 
as those in the top 10 cm (0.33 ft).  


Sample collection procedures are as follows: 
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• Prior to sampling at a specific location, the power grab is washed with a cleaning 
detergent (e.g., Alconox®), and rinsed with site water. Within that same location the 
power grab will simply be rinsed with site water between individual grab samples.  


• Once the boat is in the general proximity of the planned sampling location, the 
power grab is lowered vertically through the water column till just above the 
sediment surface. The boat is positioned to within ± 3 ft of the designated target 
coordinates for the specific station, and the power grab is set on the sediment 
surface. 


• The depth to collection point is checked using a lead line.  Measurements will be 
made in decimal feet, converted to the appropriate datum, and recorded in the log. 


• The jaws of the sampler are closed, and at that time, the station name, latitude/ 
longitude, time of collection, and depth to mudline are noted in the field log. 


• When the grab sampler approaches the water surface, the winch should be stopped, 
and any handling lines in use should be attached to the winch cable if necessary to 
reduce swinging of the grab. 


• The winch should then be restarted to slowly bring the grab into the boat with 
minimal swinging. The grab sampler should be secured as soon as possible once it 
has been retrieved into the boat. 


After the power grab has been secured, the upper access doors of the sampler should be opened, 
and the sediment sample should be inspected carefully before being accepted. The following 
acceptability criteria should be satisfied: 


• The jaws of the sampler will be fully closed; no protruding rock, branches, or other 
debris that may prevent a clean and complete closure. 


• Sediment is not extruded from the upper face of the sampler (i.e., the sediment 
sample is not overflowing through the screens and flaps at the top of the sampler). 


• Overlying water is present (an indication of minimal leakage). 


• The sediment surface is relatively flat and appears undisturbed, which indicates 
minimal disturbance or loss of sample (winnowing). 


• The entire surface of the sample is included in the sampler. 


If a sample does not meet one or more of the above acceptability criteria, it may be rejected, and 
the sampling station should be resampled. If the sample is acceptable, the following observations 
should be noted in a field log or notebook before sediment is removed and placed into sample 
collection containers for subsequent shipment to a laboratory. 


• Station location 


• Time of collection 


• Latitude and longitude  
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• Depth to mudline 


• Tidal elevation 


• Depth of penetration (cm) 


• Gross characteristics of the sediment 
 Texture 


 Color 


 Biological observations (e.g., live organisms, shells, tubes, plant material) 


 Presence of debris (e.g., wood chips or fibers, man-made debris or trash) 


 Odor (e.g., hydrogen sulfide, ammonia, oil, creosote, etc.) 


 Color  


 Sheen 


• Comments regarding sample quality (leakage, disturbance, any other pertinent 
observations). 


After these observations have been recorded, the collected sediment can be removed from the 
sampler. An estimated 8 L will be required per reference sediment for chemical and biological 
analyses. 


4.7.2 Field Grain Size Characterization 


The selection of the appropriate reference sediment will be based upon field grain size 
determinations conducted on site sediments from the composite material. Field grain size is 
determined by passing 100 gms of site sediments through a 63 micron (#230) sieve. The weight 
of sand retained on the sieve is re-measured, indicating the percent sand vs. silt/clay. For 
example, if 37 gms of sand are retained on the sieve, the fraction of sand is then 37% and the fine 
fraction (silt/clay) is 63%. Field grains size characterization will be conducted on all composited 
DMMUs and recorded in the field notes.  The use of either the field grain size measures, or the 
lab-reported grain size results, for reference sediment selection will be made in consultation with 
the DMMP.   
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Table 4-1.  Sample Type, Container, Holding Times, Preservatives, and Storage Requirements 


Parameter Minimum 
Sample Size a 


Container  
Description b 


Preservation 
Requirements Holding Time 


Conventionals 


Grain size 100 g 16-oz glass or HDPE 4°C ± 2°C 6 months 


TOC 25 g 


16-oz glass or HDPE 


4°C ± 2°C 14 days 


-20°C ± 2°C 6 months 


Total Solids 50 g 
4°C ± 2°C 14 days 


-20°C ± 2°C 6 months 


Total Volatile Solids 50 g 
4°C ±2°C 14 days 


-20°C ± 2°C 6 months 


Total Sulfides  (core - discrete) 50 g 2-oz glass 
4°C ± 2°C 


7 days 
Zn Acetate 


Ammonia  (bulk, Day 0) 25 g 


16-oz glass or HDPE 
from archived 


bioassay sediment 


4°C ± 2°C 7 days 


Ammonia  (bulk, Day 21) 25 g 4°C ± 2°C 21 days 


Total Sulfides (bulk, Day 0) 50 gm 
4°C ± 2°C 


7 days Zn Acetate fixed at 
Day 0 


Total Sulfides (bulk, Day 21) 50 mL 
Sediment 4°C ± 2°C 21 days 
Zn Acetate fixed at 


Day 21 7 days 


Ammonia   
(porewater, Day 21) 50 mL 


Sediment 4°C ± 2°C 21 days 


Extract under N2,  
fix with H2S04 


28 days 


Total Sulfides  
(porewater, Day 21) 50 mL 


Sediment 4°C ± 2°C 21 days 
Extract under N2,  


Zn Acetate fix at Day 
21 


7 days 


Temperature, pH and salinity  
     (porewater, Day 21) 


50 mL 
  


Sediment 4°C ± 2°C 21 days 


Extract under N2,  
Measure with NH3 


28 days 


Chemistry 


Metals c  50 g 
4-oz glass 


4°C ± 2°C 6 months 
-20°C ± 2°C 2 years 


Mercury 1 g 4°C ± 2°C 28 days 


Semivolatiles, Pesticides, and 
Polychlorinated Biphenyls (PCBs) 200 g 16-oz glass 


4°C ± 2°C 14 days 
-20°C ± 2°C 1 year 


Dioxin/furan congeners 200 g 8-oz glass 
4°C ±2°C 14 days 


-20°C ± 2°C 1 year 
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Table 4-1.  Sample Type, Container, Holding Times, Preservatives, and Storage Requirements 


Parameter Minimum 
Sample Size a 


Container  
Description b 


Preservation 
Requirements Holding Time 


TBT (porewater) 150 mLgs Two, 32-oz glass 4°C ± 2°C 
14 days extract 
7 days organic 


extract 


PBDE Congeners 200 g 8-oz glass 
4°C ± 2°C 


1 year 
-20°C ± 2°C 


Total Petroleum Hydrocarbons 15 g 8-oz glass 4°C ± 2°C 1 year 
Wood Waste 300 g 16-oz jar 4°C ± 2°C 6 months 


Marine Biological Testing 


Amphipod Mortality 1.25 L 
Four (4)16-oz glass or  
(1) one 68-oz HDPE 4°C, no head spaced 8 weeks Larval Development 200 g 


Juvenile Polychaete Growth 1.25 L 


Freshwater Biological Testing 


Hyalella mortality 1.25 L 
Four (4)16-oz glass or  
(1) one 68-oz HDPE 4°C, no head spaced 8 weeks 


Chironomus mortality  
and growth 1.25 L 


Archive 


Chemistry Archive e 500 mL 16-oz glass 
4°C ±2°C 14 days 


-20°C ±2°C 6 months 
Individual Core  
Chemistry Archive f 250 mL 8-oz glass 4°C ±2°C 14 days 


-20°C ±2°C 6 months 


Bioassay Archive g Four (4)16-oz glass or  
(1) one 68-oz HDPE 4°C, no head space 8 weeks 


Notes:     
a. Recommended minimum field sample sizes for one laboratory analysis. 
     Actual volumes to be collected have been increased to provide a margin of error and allow for retests. 
b. HDPE = high density polyethylene 
c. During transport to the lab, samples will be stored on ice. The mercury sample will either be analyzed 


immediately or frozen upon receipt at the laboratory. The archived samples will be frozen immediately 
upon receipt at the lab. 


d. Headspace purged with nitrogen at laboratory.   
e. For every DMMU, a 16-oz container is archived for any potential analysis/re-analysis deemed necessary. 
f. For every core and every stratum, a single 8 oz. jar will be collected and archived prior to compositing. 
g. This volume of bioassay archive may be dependent upon core recovery.
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Table 4-2. Targeted Samples to be Collected 


Station ID Conventionals Metals SVOCs Pesticides PCBs 
(Aroclor) 


TBT 
(porewater) Dioxins TPH PBDE Wood 


Waste 


Time = 0 days Time = 21 days 


Sediment 
Archive 1,2 


Bioassay 
Archive 


T
ot


al
 S


ul
fid


es
 


(s
in


gl
e 


co
re


) 


T
ot


al
 S


ul
fid


es
 


(c
om


po
si


te
) 


T
ot


al
 A


m
m


on
ia


 
(c


om
po


si
te


) 


T
ot


al
 S


ul
fid


es
 


(c
om


po
si


te
) 


T
ot


al
 A


m
m


on
ia


 
(c


om
po


si
te


) 


Po
re


w
at


er
 


A
m


m
on


ia
 


Po
re


w
at


er
 


Su
lfi


de
s 


Po
re


w
at


er
 p


H
, 


T
em


pe
ra


tu
re


, 
an


d 
Sa


lin
ity


 


Dredged Material Characterization 
KEN01 C        ---  A         A A 
KEN02 C        ---  A         A A 
KEN03 C        ---  A         A A 
KEN04 C        --- A A         A A 
KEN05 C        --- A A         A A 
KEN06 C        --- A A         A A 
KEN07 C        --- A A         A A 
KEN08 C        --- A A         A A 
Field Split        --- A A ---        A A 
z-layer Characterization 
KEN01 Z         A A ---        A A 
KEN02 Z         A A ---        A A 
KEN03 Z         A A ---        A A 
KEN04 Z         A A ---        A A 
KEN05 Z         A A ---        A A 
KEN06 Z         A A ---        A A 
KEN07 Z         A A ---        A A 
KEN08 Z         A A ---        A A 
Total 
Analyses 17 17 17 17 17 17 17 0 3 0 8 17 17 17 17 17 17 17 0 0 


 
          


        
  


Notes:           
        


  
A = archived           


        
  


1. For each core and each stratum, a single 8 oz. jar will be collected and archived for a total of 32 individual archived core samples.    
2. From each composite sample and each stratum a single 16 oz. jar will be collected and archived for a total of 16 archived composite samples. 
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Table 4-3 Total Analyses and Required Quality Assurance/Quality Control Samples 


Analysis 
Number of 
Anticipated 


Batches 
DMMUs Z-sample 


Composites 
Blind Field 


Homogenate Split SRM 1 PSRM 2 MS/MSD 3 Lab 
Replicate 


Total Number of 
Analyses 


Grain size 1 8 8 1 0 0 0 2 19 
Total solids, total volatile solids 1 8 8 1 0 0 0 2 19 
Total organic carbon 1 8 8 1 1 0 0 2 20 
Ammonia and total sulfides  
(Bulk Day 0) 1 8 8 1 0 0 0 2 19 


Ammonia and total sulfides  
(Bulk Day 21) 1 8 8 0 0 0 0 2 18 


Ammonia and total sulfides 
(Porewater Day 21) 1 8 8 0 0 0 0 0 16 


Sulfides (single core) 1 8 0 0 0 0 0 0 8 
Mercury 1 8 8 1 1 0 1 1 19 
Semivolatile Organic Compounds 1 8 8 1 1 0 1 0 19 
PCB Aroclors 1 8 8 1 0 1 1 0 19 
Pesticides 1 8 8 1 1 0 1 0 19 
Metals 1 8 8 1 1 0 1 1 19 
Dioxins/furans 1 8 8 1 0 1 0 1 19 
TBT 1 8 8 0 1 0 0 1 17 
TPH  1 0 8 0 0 0 0 0 9 
PBDE 1 3 0 0 0 0 0 0 3 
          
Notes:          


1.        Standard Reference Material NIST-1944 will be run for metals, SVOCs and pesticides 
     2.        Puget Sound Regional Sediment Reference Material will be run with a single batch. 


3.        Matrix Spike/Matrix Spike Duplicate.  The MSD may function as the laboratory duplicates for the SVOCs, Pesticides, PCB Aroclors, and TBT 
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5. SAMPLE HANDLING AND DOCUMENTATION 
This section describes sample handling and documentation procedures. The procedures described 
are designed to provide a thorough record of events surrounding the collection of each sample 
and to ensure, insofar as can be determined in the field, that data collected are usable. 


5.1 SAMPLE IDENTIFICATION AND LABELING 
Station identification is provided in Table 4-1. The sample identification numbers will include 
the sampling event, sample reach, and DMMU number. For example a sample ID of KEN01 C 
07062014 is read as follows:  


• KEN01 represents the Kenmore Channel, DMMU 1.  DMMUs are designated 1 – 8 
from north-to-south in the channel  


• C indicates that the sample is a composite within the authorized navigation depth. 
“Z” would indicate that the interval is within the z-layer (e.g., KEN01 Z).  An “S” 
would indicate a surface sediment grab (for reference sediments) 


• 07232014 is the date of collection; July 6, 2014. 
Core locations are all numbered sequentially from north-to-south.  KEN01-1 would be the first 
sampling location in the first DMMU.  KEN03-5 is the fifth core location from the north, and is 
the first sample collected in the third DMMU. 


All sample jars will be labeled with the identification, the date and time of collection, the specific 
analysis to be conducted, and the name of the sampler. This same information will also be 
recorded into the field logbook, but will also include the identification of the type of sample 
(primary, field duplicate, etc.). Sample labels, whether blank or preprinted, will contain an 
abbreviated summary of the logbook entry for the sample. The following information will be 
included on sample container labels: 


• Project number and name 


• Site location 


• Sample identification number 


• Date and time of sampling 


• Initials of sampling personnel 


• Type of sample preservation. 


To submit a blind field homogenate, the sample will be labeled with a unique number that is not 
known to the laboratory. The actual sample from each station will be recorded into the log book 
as the cross reference to the sample ID. No indication that a sample is a field homogenate will be 
provided on the sample label or CoC form. Cross-references for split homogenate sample 
numbers will be clearly recorded in the field book and field logs. 
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Matrix Spike/Matrix Spike Duplicate (MS/MSD) samples will not require a unique primary 
sample number. The label on the jar will clearly indicate MS/MSD The sample to be used for 
MS/MSD will be specified in the comment section of the CoC form.  


5.2 SAMPLE PRESERVATION AND HANDLING 
This section describes the techniques used to handle and preserve samples once they are 
collected, including descriptions of sample containers, preservation techniques, and storage 
requirements. 


5.2.1 Sample Containers 


Sediment samples (primary as well as QC) will be collected in glass containers supplied by the 
analytical laboratory. The containers will have screw-type lids to ensure an adequate seal. 
Teflon® inserts inside the lids of the glass containers will prevent sample reaction with the lid 
and improve the quality of the seal. The specific sediment container types, volumes, number of 
containers, and holding times for each analysis are listed in Table 4-1. 


5.2.2 Sample Preservation 


Sample preservation procedures are used to maintain the original character of analytes during 
storage and shipment. Except for sulfides analysis (Section 4.4.1), sediment samples for this 
investigation will be preserved by cooling. All samples will be placed in the appropriate sample 
container, preserved as appropriate, and refrigerated (on ice or ice substitute in a cooler) 
immediately upon sample collection. The analytical laboratory should make every effort to 
prepare and analyze the samples immediately after they are received. Holding times, sample 
container types, and temperature requirements are given in Table 4-1. 


Samples will be placed in secure, on-site storage or will remain in the possession of the sampling 
personnel until they are shipped or delivered to the laboratory. Immediately after collection, and 
during shipment to the analytical laboratory, samples will be stored in coolers on ice or an ice 
substitute at 4oC ± 2oC. Ice packaged in plastic storage bags will be used to maintain this 
temperature in the shipping containers. Ice will be replenished as needed to ensure adequate 
cooling of samples during storage and shipping. 


5.3 SAMPLE DOCUMENTATION 
Permanently bound field books with waterproof paper will be used as field logbooks because of 
their compact size, durability, and secure page binding. The pages of the logbook will be 
numbered consecutively and will not be removed for any reason. Entries will be made in black, 
waterproof, indelible ink. 


Logbooks will document the procedures performed by field personnel. Each entry will be dated 
and contain legible, accurate, and complete documentation of the sampling activities. 
Documentation in the field logbook will be at a level of detail sufficient to explain and 
reconstruct field activities without relying on recollection by the field team members. No 
erasures will be allowed. If an incorrect entry is made, the information will be crossed out with a 
single strike mark and the change initialed and dated by the team member making the change. 
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Entries in the logbook or other relevant sampling forms for sampling events will include, but not 
necessarily be limited to, the following: 


• Project name, location, and number 


• Field crew personnel, subcontractors, other personnel names 


• Safety briefing and day schedule plan conducted each morning 


• Rationale for collecting the sample 


• Date and time of sampling 


• Sample numbers 


• Cross-reference of numbers for duplicate and blank samples 


• Media sampled 


• Geographical location of the sampling point in reference to site facilities; DGPS 
recording location data (data logging) 


• Physical location of the sampling point, such as depth below surface 


• Method of sampling, including procedures, equipment, and any departure from the 
procedures specified in the management plan. 


• Rationale for any deviations from management plan procedures and documentation 


• Results of field measurements 


• Sample preservation 


• Type and quantity of container used for each sample 


• Weather conditions at the time of sampling and previous events that may influence 
the representative nature of a sample—at a minimum, the temperature, approximate 
wind speed and direction, and sky cover 


• Photographic information—a brief description of what was photographed and why, 
the date and time, the compass direction of the picture, and digital file name 


• Analyses requested 


• Disposition of the sample (i.e., where the sample is being shipped) 


• Airbill number of sample shipment, when applicable 


• Other pertinent observations, such as the presence of other persons on the site 
(those associated with the job or members of the press, special interest groups, or 
passersby) and actions by others that may affect performance of site tasks 


• Type of health and safety clothing and type of equipment used 


• Name(s) of sampling personnel. 


Additional detail may be recorded in the field logbook for all surface grabs.  
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Field logbooks will be identified by the project name and a project-specific number (e.g., 
“Logbook #1 Kenmore Federal Channel Sediment Characterization”) and stored in the field 
project files when not in use. Field logbooks will be photocopied after the field investigation and 
photocopies will be stored in the permanent project files. After field activities are completed, 
logbooks will be stored in the permanent project file.  


5.4 CHAIN-OF-CUSTODY PROCEDURES 
Verifiable sample custody is an integral part of all field and laboratory operations associated with 
this field investigation. The primary purpose of the CoC procedures is to document the 
possession of the samples from collection, through storage and analysis, to reporting. CoC forms 
will become the permanent records of sample handling and shipment.  


Field sampling personnel are responsible for the care and security of samples from the time the 
samples are collected until they have been turned over to the shipping agent or laboratory. A 
sample is considered to be in one’s custody if it is in plain view at all times, in the physical 
possession of the sampler, or stored in a locked place where tampering is prevented. 


Empty coolers containing ice or ice substitute will be available at the study area for use each day 
in the field. Samples collected during the day will be stored in these coolers beginning at the time 
of collection. The coolers will be locked inside the field vehicle or other secure location when 
sampling personnel are not present. 


A CoC form will be filled out for samples in each cooler. Each CoC form will contain the 
following information: 


• Sample identification numbers 


• Date and time of sampling 


• Type of sample and number of sample containers associated with each sampling 
point 


• Total number of sample containers in cooler 


• Unique cooler identification number 


• List of analyses requested 


• Name and signature of sampling personnel 


• Shipping airbill number, when applicable 


• Comments regarding MS/MSD samples or any other information that is necessary 
for the laboratory 


• Space for transfer of custody acknowledgment. 


When the CoC form is complete, field team members will cross-check the form. If samples are 
repackaged for shipping or delivery, one team member will cross-check the CoC form with the 
samples that are packed while another team member packages the samples. Corrections will be 
made to each record with a single strike mark that is dated and initialed. The person who initials 
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corrections will be the same person who relinquishes custody of the samples. The CoC forms 
will be signed and dated, placed in reseal-able plastic bags, and taped to the inside lid of the 
respective coolers. Copies of the completed chains of custody will be retained by the field crew 
and one copy will be provided to the Corps. 


5.4.1 Transfer to Project Laboratories 


After a cooler of samples is packaged and the CoC form has been completed, sampling personnel 
will close the cooler, seal it with packing tape, and affix a signed and dated custody seals so that 
if the cooler is opened the seals will be broken. Custody seals will be placed on the cooler lid, 
not on the packing tape used to secure the cooler. Custody seals will contain the following 
information: 


• Sampling team member’s signature (signature must match signature on CoC forms) 


• Date. 


Coolers with completed CoC documentation will be hand-delivered, sent by courier, or shipped 
by overnight courier to the laboratory by the sampling team. The shipping agent will not enter 
into the formal CoC procedures and therefore will not sign the CoC form. Copies of bills of 
lading provided by the shipping agent will be kept with CoC forms in order to document 
shipping procedures. 


5.4.2 Laboratory Custody Procedures 


A cooler receipt form will be filled out by the laboratory. Upon receipt by the laboratory, custody 
seals will be inspected and the CoC forms signed and dated by laboratory personnel. Laboratory 
personnel will verify sample numbers and the condition of each cooler. The laboratory will fax 
or email a copy of each CoC and cooler receipt form to the PM within 8 hours. DOF/SEE will be 
immediately notified of any discrepancies. Shipping manifests and CoC forms signed and dated 
by laboratory personnel will be considered sufficient documentation of sample custody transfer 
from the sampler, through the shipping agent, to the analyst in the contracted analytical 
laboratory. 


A copy of each CoC form will be retained by the sampling team for the project file and a copy 
will be sent with the samples. Bills of lading will also be retained as part of the documentation 
for the CoC records. In conjunction with data reporting, the analytical laboratory will return a 
copy of the original CoC forms to the PM for inclusion in the central project file. Copies of the 
CoCs will ultimately be included in the final data packages transmitted to the DMMO. 


5.5 SAMPLE PACKAGING AND SHIPPING 


5.5.1 Packaging 


The procedures and materials used for sample packaging must adequately protect the sample 
container from accidental breakage during shipping. Glass sample containers will be placed into 
plastic bags and will be wrapped and cushioned in inert packing material such as Styrofoam, 
closed-cell foam packing material, or plastic bubble wrap. HDPE sample containers do not 
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require individual cushioning material but should be packed well to prevent movement during 
transport. Caps will be screwed on tightly. The sample containers will be placed into individual, 
reseal-able plastic bags, which will then be sealed. Ice or ice substitute will be placed in the 
container in a manner to ensure adequate and equal cooling for all samples. 


5.5.2 Shipping 


All sample containers will be placed in a strong shipping container, such as a metal or plastic 
picnic cooler with a hard plastic liner. The shipping container should be sufficient to prevent 
leaks or spills of ice water or broken sample containers. The drainage hole at the bottom of the 
cooler will be taped shut so that the contents of broken sample containers or packaged ice will 
not escape. The shipping container lid will be adequately secured with tape to prevent opening 
during shipping. The shipping container will be adequately cleaned between shipments to 
prevent cross-contamination of samples. 


Transfer of samples from the project site to the project analytical laboratory is expected to be 
performed by field personnel or via an overnight courier service. Deliveries must be arranged 
with the laboratory before samples are shipped. Deliveries may be shipped directly to the 
laboratory or to the courier’s office for pickup by laboratory personnel. 


5.6 ANALYTICAL AND BIOASSAY LABORATORIES 
The analyses of investigation samples will be performed by ARI and NWAS as described in 
Section 2. The respective laboratory PMs and contact information are given in Table 2-1. 
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6. CHEMICAL  ANALYSES 
This section defines the chemical analyses to be conducted on the DMMU and z-layer samples. 
This section describes: 1) the chemicals of concern to be analyzed, 2) identifies QA/QC goals, 
and 3) defines required QA/QC measures to be executed throughout entire data generation 
processes to ensure that the project objectives are achieved for the Kenmore Navigation Channel 
Characterization Study.  All DMMP and SMS COC analyses will be conducted by ARI.  
Analyses of polybrominated diphenyl ethers will be done by Axys Analytical Services 


6.1 DMMP AND SMS CHEMICALS OF CONCERN 
The chemicals of concern for this characterization are given in Table 1-2. Required chemical 
analyses and associated methods for the DMMP and SMS COCs are shown in Table 6-1. 
Laboratory method detection limits (MDLs) and method reporting limits (MRLs) are all set 
below levels required to compare the results to the DMMP guidelines and the SMS criteria 
(Table 6-2).    


Laboratory QC is accomplished by analyzing initial and continuing calibration samples, method 
blanks, surrogate spikes, laboratory control samples, matrix spikes and matrix spike duplicate 
(MS/MSD) pairs, and laboratory duplicate samples. A listing of the required laboratory QC 
samples is given in Table 6-3. For each sample batch the Standard Reference Materials (SRM) 
will include ERA-Lot D079-540 for metals, NIST 1941B for TOC, NIST-1944 for pesticides, 
and CRM-143-50G for SVOCs. The Puget Sound Regional Sediment Reference Material will be 
run with PCBs and dioxins.  Acceptance limits for each of the SRM are given in Appendix C. 


6.2 DIOXIN ANALYSES 
For the analysis of dioxins/furans sample preservation, preparation, and analysis must fully 
comply with: 


• U.S. EPA Method 1613, Revision B (Tetra- through Octa-Chlorinated Dioxins and 
Furans by Isotope Dilution HRGC/HRMS, EPA-821-B-94-005. October 1994. 


In addition to all quality control (QC) analyses required by the method, the following QC 
analyses will be performed in association with the sediment samples: 


• One field homogenate split per 20 field samples will be collected and analyzed for 
field precision evaluation.4 


• Standard reference material (SRM) prepared and analyzed with the samples for 
matrix-specific accuracy evaluation. The SRM is the Puget Sound Regional 
Sediment Reference Material. 


4 A laboratory duplicate is not part of the method requirements; the field homogenate split supplements the precision 
evaluation. 
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MDL and MRLs for the dioxin and furan congeners is given in Table 6-4. Quality control 
procedures required for the dioxin/furan analyses are given in Table 6-5. 


In addition, all dioxins/furans results should be evaluated and reported down to the estimated 
detection limit (EDL). EDL is a sample- and analyte-specific detection limit that is based on the 
signal-to-noise ratio present in the sample for each analyte at the time of analysis. EDL is 
defined as follows: 


 


 


where: 


EDL = estimated detection limit for homologous 2,3,7,8-substituted PCDDs/PCDFs. 
Hx =  sum of the height of the noise level for each quantitation ion for the unlabeled 


PCDDs/PCDFs. 
His =  sum of the height of the noise level for each quantitation ion for the labeled 


internal standard. 
W =  weight of the sample, in gram. 
RF =  calculated mean relative response factor for the analyte (with n = 1 to 17 for the 


seventeen 2,3,7,8-substituted PCDDs/PCDFs). 
Qis =  quantity of the internal standard added to the sample before extraction, in 


pictogram. 


Detected concentrations less than their EDLs should be reported as non-detected and flagged 
(U); concentrations greater than their EDLs but less than the reporting limits (RLs) should be 
reported as estimated values and flagged with (J). The EDL will be reported for all congeners 
and all samples. Toxicity Equivalent Quotients (TEQs) will be calculated using the methodology 
outlined in the DMMP User Manual (USACE 2009), and reported accordingly. For the purpose 
of TEQ summation, estimated maximum potential concentrations (EMPCs) shall be reported as 
nondetects (U) at the EMPC value. 


6.3   ADDITIONAL ANALYTICAL TESTING 


6.3.1 Ammonia and Sulfide Pre-Testing 


In order to evaluate the likelihood of non-treatment effects from sulfides and ammonia in the 
bioassays and the need for purging of these constituents, additional ammonia and sulfides testing 
will be performed for the 8 DMMU and 8 z-layer samples. Analyses will be conducted for these 
samples both at the time they are received by the laboratory (t = 0) and after three weeks of 
refrigerated storage (t = 21 days). The laboratory will receive separate containers of sediment for 
the t = 0 and t = 21? days analyses. Analysis will consist of both bulk phase and porewater 
sulfides and ammonia, plus porewater pH, temperature, and salinity. 
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6.3.2 PBDE Congeners 


Three samples will be analyzed for polybrominated diphenyl ether (PBDE) congeners using 
high-resolution gas chromatography/mass spectrometry (GC/MS) (USEPA 1614). The three 
samples for analysis will be collected from DMMUs 1 - 3. These DMMUs were selected as those 
most closely approximate the locations that had the highest reported levels of DMMP COCs in 
the 2012 grab samples (DMMP 2013b)5.  


6.3.3 Wood Waste 


The presence of wood waste in the cores and composited samples will be monitored during 
sample processing.  If in the best-professional-judgment of the field team there is abundant 
woody debris in the sediment composite, the DMMO will be immediately informed.  The 
DMMO may make an immediate determination as to the need to conduct the wood waste 
analysis, or opt to review the results of the total organic carbon analysis prior to directing the 
additional analyses. Wood waste will be analyzed by ARI using ASTM D-2974C Method A, 
with the sample size increased to 100 – 300 grams. 


6.4 LABORATORY DATA QUALITY REVIEW AND REPORTING 
The quality and usability of data collected in this investigation will be determined, based on the 
outcomes of data verification and validation, and expressed as Data Quality Indicators (DQIs) - 
precision, accuracy (bias), representativeness, comparability, completeness, and sensitivity 
evaluated as indicated in Table 6-6. Accuracy and precision control criteria for the DMMP and 
SMS COCs in sediments is given in Table 6-7, for TBT in Table 6-8, for dioxins in Table 6-9, 
and for PBDE congeners in Table 6-10.  Acceptance limits for each of the Standard Reference 
Materials are given in Appendix C.  


The analytical methods selected in this SAP are determined as the most cost-effective and overall 
sufficient to achieve the project objectives. However, there may be cases where individual 
analyses or detection limits are affected by sample matrices or analytical method limitations.  
Should this occur, those outliers will be identified in the data review and brought to the attention 
of the USACE COR and CTR for discussion and resolution. 


To ensure that investigation chemical data are sufficient to meet both qualitative and quantitative 
objectives, laboratory data deliverables that will permit a data quality assessment consistent with 
the requirements of this SAP are required. 


The laboratory will prepare and retain full analytical and associated QC documentation.  The 
laboratory will report the data as analytical batches of 20 samples or less, along with associated 
QC reporting data.  The analytical results will be submitted in both hard copy and electronic 
formats for review by the Data QA Officer.  Data packages will be unbound and paginated. 


Information provided will be sufficient to review the data with respect to: 


5 In the 2012 sampling, the stations identified as SG05, SG06, and SG07 had levels of zinc, bis-2-
ethylhexylphthalate, phenol, benzyl alcohol and/or benzoic acid that exceeded the SL.   
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• Holding times and sample conditions 


• Calibrations and instrument performance 


• Detection/quantitation limits 


• Spike and surrogate recoveries 


• Duplicate analyses (laboratory duplicates and MS/MSDs) 


• LCS 


• Blank contamination 


• Target compound identification and quantitation 


• Analytical system performance. 


The analytical data will be provided in a complete CLP-type deliverable data format including 
the following hard copy information for each analytical data package. 


• Cover sheet listing the samples included in the report. 


• Narrative comments describing problems encountered in analysis, identification of any 
analyses not meeting quality control criteria, including holding times, and cautions regarding 
nonquantitative use or unusable data due to out-of-control-limit QC results. 


• CoC forms and cooler receipt forms. 


• Documentation of extraction, clean-up, and analytical methods used. 


• Tabulated results of inorganic and organic compounds identified and quantified, with 
analyte-specific LODs and LOQs.  All analytes will be reported for each sample as a detected 
concentration or as not detected above the specific limits of quantitation, which must be 
stated.  The laboratory will also report, dilution factors, date of extraction, extraction batch, 
cleanup procedures used, date of analysis, surrogate percent recoveries, batch run logs, and 
analytical batch number for each sample, with corresponding sample results.  All sediment 
data are to be reported as dry weight and the percent moisture must be provided. 


• Analytical results for QC sample spikes, laboratory duplicates, initial and continuing 
calibration, verifications of standards and laboratory blanks, standard procedural blanks, 
LCSs, laboratory reference materials, ICP interference check samples, and detection limit 
check samples. 


• Documentation of rationale for the use of method of standard addition if required. 


• Raw data system printouts (or legible photocopies) identifying date of reported analysis, 
analyst, parameters analyzed, calibration curves, calibration verifications, second column 
confirmations, method blanks, any reported sample dilutions, cleanup logs, laboratory 
duplicates, spikes, control samples, sample spiking levels, preparation/extraction logs, run 
logs, and chromatograms. 


• Chromatograms labeled with analyte peaks, internal standards, and surrogate standards 
where applicable. 
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• Mass calibration and mass spectral tuning data for GC and GC/MS analyses. 


Data reduction and QC review steps will be documented, signed, and dated by an authorized 
laboratory representative. Corresponding to each individual laboratory report, an electronic data 
deliverable (EDD) will be prepared in Ecology’s Environmental Information Management (EIM) 
format and Automated Data Review (ADR) version 1.2a (A1/A3) format.  The ADR EDDs will 
pass the ADR Checker and the checker reports submitted along with the laboratory data package.  
Placement of data into the EIMS will be done independently by the contract team. 


6.5 DATA VERIFICATION AND VALIDATION 
All chemistry, grain-size and sediment conventional data generated during this investigation will 
undergo data validation by Pyron Environmental. Validation is to include all Level IV 
verification and validation checks for organics methods and Level III validation for metals and 
conventional parameters.  


Validation for conventionals and DMMP COCs will be performed using the following guidance:  


• EPA Contract Laboratory Program National Functional Guidelines for Inorganic Data 
Review (EPA 2010) 


• EPA Contract Laboratory Program National Functional Guidelines for Superfund 
Organic Methods Data Review (EPA 2008) 


• Puget Sound Dredged Disposal Analysis Guidance Manual, Data Quality Evaluation for 
Proposed Dredged Material Disposal Projects. Prepared for Washington State 
Department of Ecology, Olympia, WA. Prepared by PTI Environmental Services, 
Bellevue, WA. June 1989. 


The data validation will examine and verify the following parameters against criteria set forth in 
this QAPP:  


• Sample management and holding times 


• Instrument tuning, calibration, and calibration verification 


• Laboratory and field blank results 


• Detection and reporting limits 


• Laboratory replicate results 


• MS/MSD results 


• LCS and/or standard reference material results 


• Filed QC sample results 


• Surrogate spike recovery (organic analyses only) 


• Internal standard recovery (internal calibration methods only) 
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• Inter-element interference check (ICP analyses only) 


• Serial dilution (metals only). 


Final data qualifiers will be assigned based on applicable laboratory qualifiers and outcome of 
the data validation.  Final data qualifiers are limited to and defined as follows. 


U The analyte was analyzed for but was not detected above the reporting limit. 


J The analyte was positively identified; the associated numerical value is an estimate of 
the concentration of the analyte in the sample. 


UJ The analyte was not detected above the sample reporting limit.  However, the 
reporting 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. 


N The identification of the compound is assumptive because the ion spectrum or dual 
column confirmation was not conclusive. 


NJ The identification of the compound is assumptive and the reported value is considered 
estimated.  


R The sample results are rejected due to serious deficiencies in the ability to analyze the 
sample and meet quality control criteria.  The presence or absence of the analyte 
cannot be verified. 


In cases of multiple analyses (such as an un-diluted and a diluted analysis) performed on one 
sample, the optimal result will be determined and only the determined result is to be reported for 
the sample. 


Pyron Environmental will also conduct a Level IV (full) data validation will be performed on 
dioxins/furans laboratory report(s). The dioxins/furans data validation will follow the procedures 
in the following documents: 


• USEPA National Functional Guidelines for Chlorinated Dioxin/Furan Data 
Review, Office of Emergency and Remedial Response, U.S. Environmental 
Protection Agency, EPA 540/R-05-001. September 2005. 


• USEPA Region 10 Standard Operating Procedure for the Validation of 
Polychlorinated Dibenzo-p-dioxin (PCDD) and Polychlorinated Dibenzo-furan 
(PCDF) Data. January 1996.  


The Data Validation Report (DVR) and Data Quality Assessment Report pertinent to 
dioxins/furans data will be incorporated with those of other analyses (e.g., PAHs, metals, etc.) 
for the same samples. 
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Table 6-1.  Sample Preparation and Analysis Method Summary for Sediment Samples 


Analyte 
Preparation 


Method Procedure Analytical Method Procedure 
Total Solids  SM2540G Oven dry SM2540-G Gravimetric 
Total Volatile Solids — — PSEP 1986/SM2540G Weight 


Total Organic Carbon Plumb 1981 Acid pretreatment Plumb et al., 1981 Combustion; colormetric 
titration 


Total sulfides  PSEP 1986/ 
Plumb 1981 


Acid pretreatment with 
distillation EPA 376.2 Titrimetric 


Ammonia Plumb 1981 Potassium Chloride 
pretreatment EPA 350.1 Colorimetry 


Grain Size — — ASTM D422 mod Sieve and hydrometer 
Antimony, arsenic, cadmium, chromium, 
copper, lead, nickel, silver, zinc SW3050B Acid digestion SW6010 ICP/AES 


Mercury  SW7471A Acid digestion/oxidation SW7471A  CVAA 
Selenium SW3050B Acid digestion EPA200.8 ICP/MS 
Butyl tins (Porewater Separation) USACE Centrifuge/Filtration --- --- 
Butyl tins (Porewater) SW3510C Separatory Funnel Extraction 


SW8270D/Krone et al. GC/MS-SIM 
Butyl tins (Bulk Sediment)) SW3546 Microwave extraction 


Organochlorine Pesticides and 
Hexachlorobutadiene 


SW3540C Microwave extraction 
SW8081B GC/ECD SW3630C Silica gel cleanup 


SW3660B Sulfur cleanup 


PCB Aroclors 


SW3540C Microwave extraction 


SW8082A GC/ECD 
SW3665A Sulfuric acid cleanup 
SW3630C Silica gel cleanup 
SW3660B Sulfur cleanup 


Polycyclic Aromatic Hydrocarbons 
(PAHs) 


SW3541 Microwave extraction 
SW8270D GC/MS-SIM 


SW3630C Gel permeation 
chromatography 


Semivolatile Organic Compounds 
(SVOCs) 


SW3546 Microwave extraction 
SW 8270D GC/MS 


SW3640A Gel permeation 
chromatography 
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Table 6-1.  Sample Preparation and Analysis Method Summary for Sediment Samples 


Analyte 
Preparation 


Method Procedure Analytical Method Procedure 
Dioxin/Furan Congeners  SW3540C Soxhlet Extraction EPA1613B HRGC/HRMS 
Total Petroleum Hydrocarbons SW3546 Microwave extraction NWTPH-Dx GC/FID 


Polybrominated Diphenyl Ethers  EPA1614 
Soxhlet Extraction  


EPA1614 HRGC/HRMS acid/base silica, alumina and 
Florisil chromatography 


Wood Waste — Oven dry ASTM D2749 Weight 
          
Notes: 


  
  


CVAA - Cold vapor atomic absorption spectrometer 
   ECD - Electron capture detector 


    EPA 1614 - Method 1614: Brominated Diphenyl Ethers in Water, Soil, Sediment and Tissue by HRGC/HRMS, USEPA 2007. 
EPA 1668C - Method 1668C: Chlorinated Biphenyl Congeners in Water, Soil, Sediment, Biosolids, and Tissue by HRGC/HRMS, USEPA, April 2010. 
EPA Methods - USEPA Methods for Chemical Analysis of Water and Wastes (MCAWW) USEPA/600/4-79-020, Revised March 1983. 
GC/MS - Gas chromatography/mass spectrometer 
HRGC - High resolution gas chromatography 
HRMS - High resolution mass spectrometer 
ICP/AES - Inductively coupled plasma/atomic emission spectrometer 
ICP/MS- Inductively coupled plasma/mass spectrometer 


   PSEP 1986 - Puget Sound Estuary Program (PSEP) Recommended Protocols for Measuring Conventional Sediment Variables in Puget Sound, Puget Sound 
Water Quality Authority, March 1986. 
SIM - Selective ion monitoring 


    Standard Operating Procedures for Total Organic Carbon and Soot in Soil, Sediment, SOP: 2182, Alpha Analytical, Inc., Mansfield, MA, August 29, 2012. 
SW Methods - USEPA Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, Third Edition, 1998. 
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Table 6-2.  Laboratory Method Detections, Method Reporting Limits, Marine Guideline Chemistry Values and SMS Freshwater Criteria. 


Analytes CAS # 


Lab Limits DMMP Marine Guidelines SMS Freshwater Criteria 


MDLs MRLs Screening 
Level 


Bioaccumulation 
Trigger 


Maximum 
Level SQS/SL1 CSL/SL2 


Conventional Inorganic Parameters (mg/kg)           
  Total Solids — — 0.10% — — — — — 


Total Volatile Solids — — 0.10% — — — — — 


Total Organic Carbon — 0.02% 0.05% — — — — — 


Ammonia (mg/kg) — 0.02 0.1 — — — — — 


Sulfide (mg/kg) — 0.01 1.0 — — — — — 


Grain Size — 0.10% 0.10% — — — — — 


Metals 
  Antimony  7440-36-0 0.63 5 150 — 200 --- --- 


Arsenic  7440-38-2 0.33 5 57 507.1 700 14 120 


Cadmium 7440-43-9 0.18 0.2 5.1 11.3 14 2.1 5.4 


Chromium, total 7440-47-3 0.12 0.5 260 267 — 72 88 


Copper 7440-50-8 0.1 0.2 390 1,027 1,300 400 1,200 


Lead 7439-92-1 0.16 2 450 975 1,200 360 >1,300 


Mercury 7439-97-6 0.0021 0.025 0.41 1.5 2.3 0.66 0.8 


Nickel 7440-02-0 0.08 0.5 — — — 26 110 


Selenium  7782-49-2 0.13 0.5 — 3 — 11 >20 


Silver 7440-22-4 0.04 0.3 6.1 6.1 8.4 0.57 1.7 


Zinc 7440-66-6 0.15 1 410 2,783 3,800 3,200 >4,200 


Polycyclic Aromatic Hydrocarbons (µg/kg) — — — — — 17,000 30,000 


Naphthalene 91-20-3 2.63 5 2,100 — 2,400 — — 


2-Methylnaphthalene 91-57-6 1.52 5 670 — 1,900 — — 


Acenaphthylene 208-96-8 1.26 5 560 — 1,300 — — 


Acenaphthene 83-32-9 1.32 5 500 — 2,000 — — 


Fluorene 86-73-7 1.29 5 540 — 3,600 — — 
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Table 6-2.  Laboratory Method Detections, Method Reporting Limits, Marine Guideline Chemistry Values and SMS Freshwater Criteria. 


Analytes CAS # 


Lab Limits DMMP Marine Guidelines SMS Freshwater Criteria 


MDLs MRLs Screening 
Level 


Bioaccumulation 
Trigger 


Maximum 
Level SQS/SL1 CSL/SL2 


Phenanthrene 85-01-8 1.98 5 1,500 — 21,000 — — 


Anthracene 120-12-7 1.46 5 960 — 13,000 — — 


Total LPAH 5,200 — 29,000 — — 


Fluoranthene 206-44-0 1.77 5 1,700 4,600 30,000 — — 


Pyrene 129-00-0 2.22 5 2,600 11,980 16,000 — — 


Benz(a)anthracene 56-55-3 1.6 5 1,300 — 5,100 — — 


Chrysene 218-01-9 1.88 5 1,400 — 21,000 — — 


Benzo(b)fluoranthene 205-99-2 1.9 5 — — — — — 


Benzo(j)fluoranthene  205-82-3 1.98 5 — — — — — 


Benzo(k)fluoranthene 207-08-9 2.05 5 — — — — — 


Total Benzofluoranthene (b,j,k) — — 3,200 — 9,900 — — 


Benzo(a)pyrene 50-32-8 1.75 5 1,600 — 3,600 — — 


Indeno(1,2,3-cd)pyrene 193-39-5 3.47 5 600 — 4,400 — — 


Dibenz(a,h)anthracene 53-70-3 2.38 5 230 — 1,900 — — 


Benzo(g,h,i)perylene 191-24-2 3.05 5 670 — 3,200 — — 


Total HPAH 12,000 — 69,000 — — 


Chlorinated Hydrocarbons (µg/kg) 
  1,2-Dichlorobenzene 95-50-1 2.5 20 35 — 110 — — 


1,4-Dichlorobenzene 106-46-7 2.86 20 110 — 120 — — 


1,2,4-Trichlorobenzene 120-82-1 3.48 20 31 — 64 — — 


Hexachlorobenzene (HCB) 118-74-1 0.094 0.5 22 168 230 — — 


Phthalate Esters (µg/kg)  
  Dimethylphthalate 131-11-3 2.9 20 71 — 1,400 — — 


Diethylphthalate 84-66-2 36.6 50 200 — 1,200 — — 


Di-n-butylphthalate 84-74-2 8.16 20 1,400 — 5,100 380 1,000 
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Table 6-2.  Laboratory Method Detections, Method Reporting Limits, Marine Guideline Chemistry Values and SMS Freshwater Criteria. 


Analytes CAS # 


Lab Limits DMMP Marine Guidelines SMS Freshwater Criteria 


MDLs MRLs Screening 
Level 


Bioaccumulation 
Trigger 


Maximum 
Level SQS/SL1 CSL/SL2 


Butylbenzylphthalate 85-68-7 6.14 20 63 — 970 — — 


Di-n-octylphthalate 117-84-0 5.84 20 6,200 — 6,200 39 >1,100 


bis(2-Ethylhexyl)phthalate 117-81-7 14.6 25 1,300 — 8,300 500 2,200 


Phenols and Substituted Phenols (µg/kg) 
  Phenol 108-95-2 8.64 20 420 — 1200 120 210 


2-Methylphenol (o-Cresol) 95-48-7 5.25 20 63 — 77 — — 


4-Methylphenol (p-Cresol) 106-44-5 8.64 20 670 — 3600 260 2,000 


2,4-Dimethylphenol 105-67-9 10.2 25 29 — 210 — — 


Pentachlorophenol 87-86-5 6.63 200 400 504 690 1200 >1,200 


Miscellaneous Extractables (µg/kg) 
  Benzoic Acid 65-85-0 48.5 200 650 — 760 2900 3,800 


Benzyl Alcohol 100-51-6 2.1 20 57 — 870 — — 


N-Nitrosodiphenylamine 86-30-6 5.39 20 28 — 130 — — 


Dibenzofuran 132-64-9 4.1 20 540 — 1,700 200 680 


Hexachlorobutadiene 87-68-3 0.138 0.5 11 — 270 — — 


Butyltin ions in Porewater (µg/L) 
  Tributyl Tin Ion 56573-85-4 (1) 0.0052 0.15 — — — — 


Dibutyl Tin Ion 1002-53-5 (1) 0.0077 — — — — — 


Monobutyl Tin Ion 78763-54-9 (1) 0.0054 — — — — — 


Butyltin ions in Sediment (µg/kg) 
      Tetrabutyl Tin 1461-25-2 (2) (2)    97 >97 


Tributyl Tin  56573-85-4 1.52 3.86 73000 73000  47 320 


Dibutyl Tin  1002-53-5 3.72 5.78 — — — 910 130000 


Monobutyl Tin  78763-54-9 2.95 4.08 — — — 540 >4,800 
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Table 6-2.  Laboratory Method Detections, Method Reporting Limits, Marine Guideline Chemistry Values and SMS Freshwater Criteria. 


Analytes CAS # 


Lab Limits DMMP Marine Guidelines SMS Freshwater Criteria 


MDLs MRLs Screening 
Level 


Bioaccumulation 
Trigger 


Maximum 
Level SQS/SL1 CSL/SL2 


PCBs Aroclors (µg/kg)             
  Aroclor 1016 12674-11-2 0.759 10 — — — — — 


Aroclor 1221 11104-28-2 0.759 10 — — — — — 


Aroclor 1232 11141-16-5 0.759 10 — — — — — 


Aroclor 1242 53469-21-9 0.759 10 — — — — — 


Aroclor 1248 12672-29-6 1.006 10 — — — — — 


Aroclor 1254 11097-69-1 1.006 10 — — — — — 


Aroclor 1260 11096-82-5 1.006 10 — — — — — 


Aroclor 1262 37324-23-5 1.006 10 — — — — — 


Aroclor 1268 11100-14-4 1.006 10 — — — — — 


Total PCBs 130 38 (mg/kg OC) 3,100 110 2500 


Organochlorine Pesticides/SVOCs (µg/kg) 


Heptachlor 76-44-8 0.132 0.5 1.5 — — — — 


Aldrin 309-00-2 0.055 0.5 9.5 — — — — 


cis -chlordane 5103-71-9 0.051 0.5 — — — — — 


trans-chlordane 5103-74-2 0.077 0.5 — — — — — 


cis - nonachlor 5103-73-1 0.541 1 — — — — — 


trans - nonachlor 39765-80-5 0.529 1 — — — — — 


oxychlordane 27304-13-8 0.825 1 — — — — — 


Total Chlordane    2.8 37 — — — 


4,4'-DDE  72-55-9 0.124 1 9 — — 310 860 


2,4'-DDE 324-82-6 0.249 1      


4,4'-DDD 72-54-8 0.135 1 16 — — 21 33 


2,4'-DDD 53-19-0 0.195 1      


4,4'-DDT 50-29-3 0.192 1 12 — — 100 8100 
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Table 6-2.  Laboratory Method Detections, Method Reporting Limits, Marine Guideline Chemistry Values and SMS Freshwater Criteria. 


Analytes CAS # 


Lab Limits DMMP Marine Guidelines SMS Freshwater Criteria 


MDLs MRLs Screening 
Level 


Bioaccumulation 
Trigger 


Maximum 
Level SQS/SL1 CSL/SL2 


2,4'-DDT 789-02-06 0.187 1      


Total DDT    — 50 69 --- --- 


Dieldrin 60-57-1 0.1 1 1.9 — — 4.9 9.3 


Endrin Ketone 53494-70-5 0.282 1 — — — 8.5 ** 


Beta-Hexachlorocyclohexane 319-85-7 0.0915 0.5 — — — 7.2 11 


 Carbazole 86-74-8 7.37 20 — — — 900 1100 


Dioxin and Furans 
Total Dioxin TEQs (ng/kg) See Table 6-4 — 15 — — — 


Total Petroleum (mg/kg) 
   TPH-diesel 68476-34-6 1.35 5 — — — 340 510 


   TPH-residual — 2.48 10 — — — 3600 4400 


Polybrominated Diphenyl Ethers See Table 6-10 — — — — — 


Wood Waste (mg/kg) — — — — — — — — 


         DMMP = Dredged Material Management Program 
  MDL = method detection limit 
   mg/kg=milligram per kilogram 
   mg/kg OC = milligram per kilogram organic carbon 
  MRL = method reporting limit 
   µg/kg=microgram per kilogram. 
  MRLs and MDLs are based on 2011 performance audits conducted by ARI. 
  1.  ARI does not report MDLs for butyl tins in porewater. 


2.  ARI does not report MDLs or MRLs for tetrabutyltin.  Tetrabutyltin is reported at the low point of the calibration curve 
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Table 6-3 Required Laboratory QA Samples 


Analysis Type Method 
Blanks Triplicates1 Replicates2 SRM3 Matrix 


Spike1 Surrogates4 


Metals 1 --- 1    


Semivolatile Organic Compounds 5 --- 6    


PCB Aroclors 5 --- 6    


Chlorinated Pesticides 5 --- 6    


Dioxins 5 --- 6  ---  


Total Organic Carbon 1      
Total Solids ---  --- --- --- --- 
Total Volatile Solids ---  --- --- --- --- 
Sulfides --- 6 --- --- --- --- 
Ammonia --- 6 --- --- --- --- 
Grain Size ---  --- --- --- --- 
Notes:        


1 Frequency of Analysis (FOA) = 5% or one per batch, whichever is more frequent 
2 Matrix spike duplicate analysis to be performed in lieu of replicate 


3 
Standard Reference Materials. ERA-Lot D079-540 for metals, NIST 1941B for TOC, NIST-1944 for pesticides, and 
CRM-143-50G for SVOCs. The Puget Sound Regional Sediment Reference Material will be run with PCBs and 
dioxins 


4 Surrogate spikes required for every sample, including matrix spiked samples, blanks, and reference materials 
5 FOA = one per extraction batch 
6 FOA = <20 samples:  one per batch; 20+ samples 
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Table 6-4 Reporting Limits for Dioxin and Furan Congeners in Sediments 


Analytes Analytical Method 
Lab Limits 


MDL MRL 
pg/g 


 2,3,7,8-TCDF   EPA 1613 0.19 1 
 2,3,7,8-TCDD   EPA 1613 0.34 1 
 1,2,3,7,8-PeCDF   EPA 1613 0.8 2.5 
 2,3,4,7,8-PeCDF   EPA 1613 0.79 1 
 1,2,3,7,8-PeCDD   EPA 1613 0.95 1 
 1,2,3,4,7,8-HxCDF   EPA 1613 0.64 2.5 
 1,2,3,6,7,8-HxCDF   EPA 1613 0.98 2.5 
 2,3,4,6,7,8-HxCDF   EPA 1613 0.96 2.5 
 1,2,3,7,8,9-HxCDF   EPA 1613 0.9 2.5 
 1,2,3,4,7,8-HxCDD   EPA 1613 1.01 2.5 
 1,2,3,6,7,8-HxCDD   EPA 1613 0.59 2.5 
 1,2,3,7,8,9-HxCDD   EPA 1613 0.38 2.5 
 1,2,3,4,6,7,8-HpCDF   EPA 1613 0.65 2.5 
 1,2,3,4,7,8,9-HpCDF   EPA 1613 0.99 2.5 
 1,2,3,4,6,7,8-HpCDD   EPA 1613 1.15 2.5 
 OCDF   EPA 1613 1.39 5 
 OCDD   EPA 1613 1.79 5 


Notes:    
MDL = Method Detection Limit, calculated as described in Analytical Resources, Inc. SOP 1018S.  
MRL= Method Reporting Limit   
pg/g = pictogram per gram    
pg/L = pictogram per liter   
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Table 6-5 Quality Control Procedures for Dioxin and Furan Congeners in Sediments 


Quality Control 
Check Minimum Frequency Acceptance Criteria Laboratory Corrective Action 


Ongoing Precision and 
Recovery  


1 per analytical batch  
(< 20 samples)  


Recovery within acceptance 
criteria in Table 6-9 of this 
SAP 


1. Check calculations  
2. Reanalyze batch  


Stable-isotope-labeled 
compounds  


Spiked into each 
sample for every target 
analyte  


Recovery within limits in 
Table 6-9 


1. Check calculations  
2. Qualify all associated results as 
estimated  


Ion abundance ratios must be 
within criteria in Table 9 of 
method 1613B  


1. Reanalyze specific samples.  
2. Reject all affected results outside the 
criteria  
3. Alternatively, use of secondary ions that 
meet appropriate theoretical criteria is 
allowed if interferences are suspect. This 
alternative must be approved by the 
DMMP agencies.  


Laboratory duplicate  5% or 1 per batch  
(< 20 samples)  


Relative percent  
Difference < 30%  


1. Evaluation of the homogenization 
procedure and evaluation method  
2. Reanalyze batch  


Method blank  1 per analytical batch  
(< 20 samples)  


Detection < minimum level in 
Table 2 of Method 1613B  


1. If the method blank results are greater 
than the reporting limit, halt analysis and 
find source of contamination; reanalyze 
batch.  
2. Report project samples as non-detected 
for results < to the reported method blank 
values  


GC/MS Tune  At the beginning of 
each 12 hour shift. 
Must start and end 
each analytical 
sequence  


>10,000 resolving power @ 
m/z304.9825 Exact mass of 
380.9760 within 5 ppm of 
theoretical value.  


1. Re-analyze affected samples  
2. Reject all data not meeting method 
1613B requirements  


Initial Calibration Initially and when 
continuing calibration 
falls 


Five point curve for all 
analytes. RSD must meet 
Table 4 requirements for all 
target compounds and labeled 
compounds. Signal to noise 
ratio (S/N) >10. Ion 
abundance (IA) ratios within 
method specified limits. 


Window 
Defining/Column 
Performance Mix  


Before every initial 
and continuing 
calibration.  


Valley <25% for all peaks 
near 2378-TCDD/F peaks.  


Continuing Calibration  Must start and end 
each analytical 
sequence.  


%D must meet Table 6-9 
limits for target compounds & 
labeled compounds. S/N >10. 
IA ratios within method 
specified limits.  
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Table 6-5 Quality Control Procedures for Dioxin and Furan Congeners in Sediments 


Quality Control 
Check Minimum Frequency Acceptance Criteria Laboratory Corrective Action 


Confirmation of 
2,3,7,8- TCDF  


For all primary-
column detections of 
2,3,7,8-TCDF  


Confirmation presence of 
2,3,7,8-TCDF in accordance 
with method 1613B 
requirements  


Failure to verify presence of 2,3,7,8-TCDF 
by second column confirmation requires 
qualification of associated 2,3,7,8-TCDF 
results as non-detected at the associated 
value.  


Sample data not 
achieving target 
reporting limits or 
method performance in 
presence of possibly 
interfering compounds  


Not applicable  Not applicable  Rather than simply dilute an extract to 
reduce interferences, the lab should 
perform additional cleanup techniques 
identified in the method to insure minimal 
matrix effects and background 
interference. Thereafter, dilution may 
occur. If re-analysis is required, the 
laboratory shall report both initial and re-
analysis results.  


Sample data not 
achieving target 
reporting limits or 
method performance in 
presence of possibly 
interfering compounds  


Not applicable  Not applicable  Rather than simply dilute an extract to 
reduce interferences, the lab should 
perform additional cleanup techniques 
identified in the method to insure minimal 
matrix effects and background 
interference. Thereafter, dilution may 
occur. If re-analysis is required, the 
laboratory shall report both initial and re-
analysis results.  


Puget Sound Sediment 
Reference Material 


One per analytical 
batch 


Result must be within 
acceptance ranges  
(Appendix C) 


1. Extraction and analysis should be 
evaluated by the lab and re-analysis 
performed of the entire sample batch once 
performance criteria can be met. 
2. If analysis accompanies several batches 
with acceptable PS-SRM results, then the 
laboratory can narrate possible reason for 
PS-SRM outliers. 


 * If re-analysis is required, the laboratory shall report initial and re-analysis results 
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Table 6-6  Parameters Used to Evaluate Data Quality  


Data Quality 
Indicators QC Parameters 


Precision 


RPD values of: 


(1)     LCS/LCS Duplicate 


(2)     MS/MSD 


(3)     Field Duplicates 


Accuracy/Bias 


Percent Recovery (%R) or Percent Difference (%D) values of: 


(1)     Initial Calibration and Calibration Verification 


(2)     LCS 


(3)     MS 


(4)     Surrogate Spikes 


(5)     Standard Reference Materials 


Results of: 


(1)     Instrument and Calibration Blank  


(2)     Method (Preparation) Blank 


(3)     Trip Blank 


(4)     Equipment Rinsate Blank 


Representativeness 


Results of All Blanks 


Sample Integrity (CoC and Sample Receipt Forms) 


Holding Times 


Comparability 


Sample-specific Method Reporting Limits 


Sample Collection Methods 


Laboratory Analytical Methods 


Completeness 


Data qualifiers 


Laboratory deliverables 


Requested/Reported valid results 


Sensitivity MDLs and MRLs 
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Table 6-7    Accuracy and Precision Control Criteria for DMMP Chemicals in Sediments 


Analyte 
Analytical Surrogate Spike 


Accuracy 1 LCS Accuracy Matrix 
Spike 


Precision 
(RPD or 
%RSD) Method (% Rec.) 2 (% Rec.) (% Rec.) 


Conventional Inorganic Parameters     
Solids, Total SM2540B -- NA NA ≤20 


Total Volatile Solids PSEP -- NA NA ≤20 


Total Organic Carbon PSEP -- 80-120 75-125 %RSD≤20 


Ammonia PSEP -- 80-120 75-125 ≤20 


Total Sulfide PSEP -- 80-120 75-125 ≤20 


Grain Size PSEP -- NA NA %RSD≤20 


Metals      
Antimony SW6010B -- 80-120 75-125 ≤20 


Arsenic SW6010B -- 80-120 75-125 ≤20 


Cadmium SW6010B -- 80-120 75-125 ≤20 


Chromium SW6010B -- 80-120 75-125 ≤20 


Copper SW6010B -- 80-120 75-125 ≤20 


Lead SW6010B -- 80-120 75-125 ≤20 


Mercury SW7471A -- 80-120 75-125 ≤20 


Selenium SW200.8 -- 80-120 75-125 ≤20 


Silver SW6010B -- 80-120 75-125 ≤20 


Zinc SW6010B -- 80-120 75-125 ≤20 


PAHs      
Naphthalene SW8270D-SIM -- 37-100 30-160 ≤40 


2-Methylnaphthalene SW8270D-SIM -- 37-100 30-160 ≤40 


Acenaphthene SW8270D-SIM -- 39-100 30-160 ≤40 


Acenaphthylene SW8270D-SIM -- 35-100 30-160 ≤40 


Anthracene SW8270D-SIM -- 41-106 30-160 ≤40 


Benzo(a)anthracene SW8270D-SIM -- 47-114 30-160 ≤40 


Benzo(a)pyrene SW8270D-SIM -- 44-111 30-160 ≤40 


Benzo(b)fluoranthene SW8270D-SIM -- 30-160 30-160 ≤40 


Benzo(g,h,i)perylene SW8270D-SIM -- 37-115 30-160 ≤40 


Benzo(k)fluoranthene SW8270D-SIM -- 30-160 30-160 ≤40 


Benzo(j)fluoranthene SW8270D-SIM -- 30-160 30-160 ≤40 


Chrysene SW8270D-SIM -- 51-106 30-160 ≤40 


Dibenz(a,h)anthracene SW8270D-SIM -- 42-116 30-160 ≤40 


Dibenzofuran SW8270D-SIM -- 39-100 30-160 ≤40 


Fluoranthene SW8270D-SIM -- 52-109 30-160 ≤40 


Fluorene SW8270D-SIM -- 42-100 30-160 ≤40 
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Table 6-7    Accuracy and Precision Control Criteria for DMMP Chemicals in Sediments 


Analyte 
Analytical Surrogate Spike 


Accuracy 1 LCS Accuracy Matrix 
Spike 


Precision 
(RPD or 
%RSD) Method (% Rec.) 2 (% Rec.) (% Rec.) 


Indeno(1,2,3-cd)pyrene SW8270D-SIM -- 41-114 30-160 ≤40 


Phenanthrene SW8270D-SIM -- 47-100 30-160 ≤40 


Pyrene SW8270D-SIM -- 47-111 30-160 ≤40 


2-Methylnaphthalene-d10 SW8270D-SIM 34-100 -- -- -- 


Dibenz(a,h)anthracene-d14 SW8270D-SIM 10-117 -- -- -- 


d10-Fluoranthene SW8270D-SIM 30-160 -- -- -- 


Chlorinated Hydrocarbons 
1,2-Dichlorobenzene SW8270D -- 30-160 30-160 ≤40 


1,4-Dichlorobenzene SW8270D -- 30-160 30-160 ≤40 


1,2,4-Trichlorobenzene SW8270D -- 30-160 30-160 ≤40 


2-Fluorophenol SW8270D 30-160 -- -- -- 


Phenol-d5 SW8270D 30-160 -- -- -- 


2-Chlorophenol-d4 SW8270D 30-160 -- -- -- 


1,2-Dichlorobenzene-d4 SW8270D 30-160 -- -- -- 


Nitrobenzene-d5 SW8270D 30-160 -- -- -- 


2-Fluorobiphenyl SW8270D 30-160 -- -- -- 


2,4,6-Tribromophenol SW8270D 30-160 -- -- -- 


p-Terphenyl-d14 SW8270D 30-160 -- -- -- 


Phthalate Esters 
Dimethylphthalate SW8270D -- 30-160 30-160 ≤40 


Diethylphthalate SW8270D -- 30-160 30-160 ≤40 


Di-n-butylphthalate SW8270D -- 30-160 30-160 ≤40 


Butylbenzylphthalate SW8270D -- 30-160 30-160 ≤40 


Di-n-octylphthalate SW8270D -- 30-160 30-160 ≤40 


bis(2-Ethylhexyl)phthalate SW8270D -- 30-160 30-160 ≤40 


Phenols and Substituted Phenols 
Phenol SW8270D -- 30-160 30-160 ≤40 


2-Methylphenol (o-Cresol) SW8270D -- 30-160 30-160 ≤40 


4-Methylphenol (p-Cresol) SW8270D -- 30-160 30-160 ≤40 


2,4-Dimethylphenol SW8270D -- 30-160 30-160 ≤40 


Pentachlorophenol SW8270D -- 30-160 30-160 ≤40 


Miscellaneous Extractables 
Benzoic Acid SW8270D -- 30-160 30-160 ≤40 
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Table 6-7    Accuracy and Precision Control Criteria for DMMP Chemicals in Sediments 


Analyte 
Analytical Surrogate Spike 


Accuracy 1 LCS Accuracy Matrix 
Spike 


Precision 
(RPD or 
%RSD) Method (% Rec.) 2 (% Rec.) (% Rec.) 


Benzyl Alcohol SW8270D -- 30-160 30-160 ≤40 


Dibenzofuran SW8270D -- 30-160 30-160 ≤40 


N-Nitrosodimethylamine SW8270D -- 30-160 30-160 ≤40 


Butyl Tins in Porewater 
Tributyl Tin Ion Krone et al. 50-150 -- -- ≤30 


Dibutyl Tin Ion Krone et al. 50-150 -- -- ≤30 


Butyl Tin Ion Krone et al. 50-150 -- -- ≤30 


Tripentyl Tin (surr.) Krone et al. -- 50-150 50-150 ≤30 


Tripropyl Tin (Surr.) Krone et al. -- 50-150 50-150 ≤30 


Butyl Tins in Sediment 
Tributyl Tin Ion Krone et al. -- 58 – 120 58 – 120 ≤40 


Dibutyl Tin Ion Krone et al. -- 53 – 120 53 – 120 ≤40 


Butyl Tin Ion Krone et al. -- 31 – 120 31 – 120 ≤40 


Tripentyl Tin Krone et al. 40 – 120 -- -- -- 


Tripropyl Tin Krone et al. 25 – 120 -- -- -- 


PCB Aroclors      
Aroclor 1016 SW8082 -- 53-100 53-100 ≤40 


Aroclor 1260 SW8082 -- 58-112 58-112 ≤40 


Decachlorobiphenyl SW8082 35-119 -- -- -- 


Tetrachloro-m-xylene SW8082 33-143 -- -- -- 


Organochlorine Pesticides 


Total Chlordane 


SW8081B -- 


77-124 77-124 


≤40 
(sum of cis-chlordane, 
trans-chlordane, cis-
nonachlor, trans-nonachlor, 
oxychlordane) 


73-136 73-136 


30-160 30-160 


30-160 30-160 


30-160 30-160 


2,4’ and 4,4’-DDD SW8081B -- 76-137 73-167 ≤40 


2,4’ and 4,4’-DDE SW8081B -- 71-149 71-149 ≤40 


2,4’ and 4,4’-DDT SW8081B -- 58-144 58-144 ≤40 


Dieldrin SW8081B -- 74-131 74-131 ≤40 


Aldrin SW8081B -- 66-115 66-115 ≤40 


Heptachlor SW8081B -- 66-115 66-115 ≤40 


Hexachlorobenzene SW8081B -- 62-119 62-119 ≤40 


Hexachlorobutadiene SW8081B -- 43-104 43-104 ≤40 
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Table 6-7    Accuracy and Precision Control Criteria for DMMP Chemicals in Sediments 


Analyte 
Analytical Surrogate Spike 


Accuracy 1 LCS Accuracy Matrix 
Spike 


Precision 
(RPD or 
%RSD) Method (% Rec.) 2 (% Rec.) (% Rec.) 


Decachlorobiphenyl  36-182 -- -- -- 


Tetrachloro-m-xylene  34-169 -- -- -- 


Notes: 
     1.  Listed surrogate spike, precision, and accuracy control limits based on in-house performance statistics of Analytical Resources 


Inc. The values are subject to change as the laboratory is updating the control limits per EPA requirements. 
2.  % Rec. = Percent recovery 
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Table 6-8    Summary of Quality Control Procedures for TBT in Interstitial Water. 


QC Check Minimum 
Frequency Acceptance Criteria Corrective Action 


Laboratory Control Sample 
(LCS) 


1 per analytical batch  
(≤ 20 samples) Recovery 50 – 150% 


1.  Check calculations 
2.  Reanalyze (matrix or injection 
problems) 
3.  If still out, re-extract and 
reanalyze LCS and assoc. samples 
(if available); If not available flag 
data. 


Matrix spike (MS) and 
matrix spike duplicate 
(MSD) 1 


1 MS/MSD pair per 
analytical batch  
(≤ 20 samples) 


Recovery 50 – 150% 
and relative percent 
difference (RPD) ≤ 
30% 


1.  Evaluate for supportable 
matrix effect. 
2.  If no interference, re- extract 
and reanalyze MS/MSD once (if 
available). 
3.  If still out, report both sets of 
data. 


Surrogate spike 1  


(Tripentyltin recommended) 1 per sample Recovery 50 – 150% 


1.    Check calculations. 
2.    Evaluate for supportable 
matrix effect 
3.    If no interference is evident, 
re-extract and reanalyze affected 
sample(s) (if available) and flag 
any outliers. 


Method blank 2 1 per analytical batch  
(≤ 20 samples) 


Target analyte < 3x 
the reporting limit 
(RL) 


1.    Flag if target > 3x RL but 
less than 0.075 ppb.3 


2.    Rerun batch and ID 
contamination source if target 
>0.075 ppb. 


Notes:    
RPD = Relative Percent Difference 
1All QC samples should be run using the same sample handling as is used on the environmental samples. 
2 Method blank can include centrifugation step or, alternatively a centrifugation blank can be run separately from the analytical 
method blank. 


3 0.075 ppb TBT is used here as a benchmark for evaluating blank performance because it represents a concentration that is one-
half the interstitial water screening level (0.15 ppb) that is being used by the DMMP agencies. Note that a minimum interstitial 
water volume of 200-500 ml will be needed to attain reporting limits less than 0.075 ppb TBT. 
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Table 6-9   QC Acceptance Criteria for Dioxins/Furans 


Dioxin/Furan Congener Test Conc 
(ng/mL) 1 


IPR 2 


RSD 
(%) 


Recovery OPR 3 
(%) 


I-CAL 4 
(%) 


 Labelled Cmpd 
% Rec. in Sample 


CAL/VER 5 
(%) 


Coeff. Of 
Variation 


Warning 
Limit 


Control 
Limit 


Native Compound         
2,3,7,8-TCDD 10 28 83-129 70-130 20 78-129 - - 
2,3,7,8-TCDF 10 20 87-137 75-130 20 84-120 - - 
1,2,3,7,8-PeCDD 50 15 76-132 70-130 20 78-130 - - 
1,2,3,7,8-PeCDF 50 15 86-124 80-130 20 82-120 - - 
2,3,4,7,8-PeCDF 50 17 72-150 70-130 20 82-122 - - 
1,2,3,4,7,8-HxCDD 50 19 78-152 70-130 20 78-128 - - 
1,2,3,6,7,8-HxCDD 50 15 84-124 76-130 20 78-128 - - 
1,2,3,7,8,9-HXCDD 50 22 74-142 70-130 35 82-122 - - 
1,2,3,4,7,8-HxCDF 50 17 82-108 72-130 20 90-112 - - 
1,2,3,6,7,8-HxCDF 50 13 92-120 84-130 20 88-114 - - 
1,2,3,7,8,9-HxCDF 50 13 84-122 78-130 20 90-112 - - 
2,3,4,6,7,8-HxCDF 50 15 74-158 70-130 20 88-114 - - 
1,2,3,4,6,7,8-HpCDD 50 15 76-130 70-130 20 86-116 - - 
1,2,3,4,6,7,8-HpCDF 50 13 90-112 82-122 20 90-110 - - 
1,2,3,4,7,8,9-HpCDF 50 16 86-126 78-130 20 86-116 - - 
OCDD 100 19 86-126 78-130 20 79-126 - - 
OCDF 100 27 74-146 70-130 35 70-130 - - 


Labelled Compounds         
13C12-2,3,7,8-TCDD 100 37 28-134 25-130 35 82-121 40-120 25-130 
13C12-2,3,7,8-TCDF 100 35 31-113 25-130 35 71-130 40-120 24-130 
13C12-1,2,3,7,8-PeCDD 100 39 27-184 25-150 35 70-130 40-120 25-130 
13C12-1,2,3,7,8-PeCDF 100 34 27-156 25-130 35 76-130 40-120 24-130 
13C12-2,3,4,7,8-PeCDF 100 38 16-279 25-130 35 77-130 40-120 21-130 
13C12-1,2,3,4,7,8-HxCDD 100 41 29-147 25-130 35 85-117 40-120 32-130 
13C12-1,2,3,6,7,8-HxCDD 100 38 34-122 25-130 35 85-118 40-120 28-130 
13C12-1,2,3,4,7,8-HxCDF 100 43 27-152 25-130 35 76-130 40-120 26-130 
13C12-1,2,3,6,7,8-HxCDF 100 35 30-122 25-130 35 70-130 40-120 26-123 
13C12-1,2,3,7,8,9-HxCDF 100 40 24-157 25-130 35 74-130 40-120 29-130 
13C12-2,3,4,6,7,8-HxCDF 100 37 29-136 25-130 35 73-130 40-120 28-130 


13C12-1,2,3,4,6,7,8-HpCDD 100 35 34-129 25-130 35 72-130 40-120 23-130 


13C12-1,2,3,4,6,7,8-HpCDF 100 41 32-110 25-130 35 78-129 40-120 28-130 
13C12-1,2,3,4,7,8,9-HpCDF 100 40 28-141 25-130 35 77-129 40-120 26-130 
13C12-OCDD 200 48 20-138 25-130 35 70-130 25-120 17-130 


Cleanup Standard         


37Cl4-2,3,7,8-TCDD 10 36 39-154 31-130 35 79-127 40-120 35-130 
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Table 6-9   QC Acceptance Criteria for Dioxins/Furans 


Notes: 


Analysis of Polychlorinated Dioxins and Furans by Method 1613B -- MSU-018 Rev. 5, 07-Jun-2005)  
1 QC acceptance criteria for IPR, OPR, and samples based on a 20 μL extract final volume 
2 IPR: Initial Precision and Recovery demonstration     
3 OPR: Ongoing Precision and Recovery test run with every batch of samples.  
4 Initial Calibration        
5 CAL/VER: Calibration Verification test run at least every 12 hours   
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Table 6-10      Data Quality Goals for PBDE Congeners 


Analyte CAS No. MDL1 MRL Unit LCS 
%R 


MS/MSD 
%R 2 


Precision 
RPD 3 


Labeled 
Compound 


%R 


PBDE 
Number Comment 


2,4-DiBDE 171977-44-9 0.10 1.3 pg/g --- --- 20% --- 7   


2,4’-DiBDE 147217-71-8 0.10 1.5 pg/g --- --- 20% --- 8 Coelutes with BDE-11 


2,6-DiBDE 51930-04-2 0.10 0.8 pg/g --- --- 20% --- 10   


3,3’-DiBDE 6903-63-5 0.10 1.5 pg/g --- --- 20% --- 11 Coelutes with BDE-8 


3,4-DiBDE 189084-59-1 0.10 2.6 pg/g --- --- 20% --- 12 Coelutes with BDE-13 


3,4’-DiBDE 83694-71-7 0.10 2.61 pg/g --- --- 20% --- 13 Coelutes with BDE-12 


4,4’-DiBDE 2050-47-7 0.10 0.5 pg/g --- --- 20% --- 15   


2,2’,4-TrBDE 147217-75-2 0.10 1.2 pg/g --- --- 20% --- 17 Coelutes with BDE-25 


2,3’,4-TrBDE 147217-77-4 0.10 1.20 pg/g --- --- 20% --- 25 Coelutes with BDE-17 


2,4,4’-TrBDE 41318-75-6 0.10 1.4 pg/g 50-150 50-150 20% --- 28 Coelutes with BDE-33 


2,4,6-TrBDE 155999-95-4 0.10 1.8 pg/g --- --- 20% --- 30   


2,4’,6-TrBDE 189084-60-4 0.10 0.8 pg/g --- --- 20% --- 32   


2’,3,4-TrBDE 147217-78-5 0.10 1.39 pg/g --- --- 20% --- 33 Coelutes with BDE-28 


3,3’,4-TrBDE 147217-80-9 0.10 0.6 pg/g --- --- 20% --- 35   


3,4,4’-TrBDE 147217-81-0 0.10 0.6 pg/g --- --- 20% --- 37   


2,2’,4,4’-TeBDE 5436-43-1 0.10 2.8 pg/g 50-150 50-150 20% --- 47   


2,2’,4,5’-TeBDE 243982-82-3 0.10 0.8 pg/g --- --- 20% --- 49   


2,2’,4,6’-TeBDE  (4) 0.10 0.8 pg/g --- --- 20% --- 51   


2,3’,4,4’-TeBDE 189084-61-5 0.10 1.0 pg/g --- --- 20% --- 66   


2,3’,4’,6-TeBDE 189084-62-6 0.10 0.8 pg/g --- --- 20% --- 71   


2,4,4’,6-TeBDE 189084-63-7 0.10 1.7 pg/g --- --- 20% --- 75   


3,3’,4,4’-TeBDE 93703-48-1 0.10 0.8 pg/g --- --- 20% --- 77   


3,3’,4,5’-TeBDE  (4) 0.10 1.3 pg/g --- --- 20% --- 79   
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Table 6-10      Data Quality Goals for PBDE Congeners 


Analyte CAS No. MDL1 MRL Unit LCS 
%R 


MS/MSD 
%R 2 


Precision 
RPD 3 


Labeled 
Compound 


%R 


PBDE 
Number Comment 


2,2’,3,4,4’-PeBDE 182346-21-0 0.10 0.5 pg/g --- --- 20% --- 85   


2,2’,4,4’,5-PeBDE 60348-60-9 0.10 2.6 pg/g 50-150 50-150 20% --- 99   


 2,2’,4,4’,6-PeBDE 189084-64-8 0.10 0.9 pg/g 50-150 50-150 20% --- 100   


2,3,3’,4,4’-PeBDE  (4) 0.10 1.3 pg/g --- --- 20% --- 105   


 2,3,4,5,6-PeBDE 189084-65-9 0.10 1.4 pg/g --- --- 20% --- 116   


2,3’,4,4’,6-PeBDE 189084-66-0 0.10 1.4 pg/g --- --- 20% --- 119 Coelutes with BDE-120 


2,3’,4,5,5’-PeBDE 417727-71-0 0.10 1.39 pg/g --- --- 20% --- 120 Coelutes with BDE-119 


3,3’,4,4’,5-PeBDE  (4) 0.10 0.7 pg/g --- --- 20% --- 126   


2,2’,3,3’,4,4’-HxBDE  (4) 0.10 1.3 pg/g --- --- 20% --- 128   


2,2’,3,4,4’,5’-HxBDE 182677-30-1 0.10 1.6 pg/g --- --- 20% --- 138 Coelutes with BDE-166 


2,2’,3,4,4’,6’-HxBDE 243982-83-4 0.10 1.0 pg/g --- --- 20% --- 140   


2,2’,4,4’,5,5’-HxBDE 68631-49-2 0.10 0.6 pg/g 50-150 50-150 20% --- 153   


2,2’,4,4’,5,6’-HxBDE 207122-15-4 0.10 0.8 pg/g 50-150 50-150 20% --- 154   


2,2’,4,4’,6,6’-HxBDE 35854-94-5 0.10 0.7 pg/g --- --- 20% --- 155   


2,3,4,4’,5,6-HxBDE 189084-58-0 See 2,2’,3,4,4’,5’-
HxBDE pg/g --- --- 20% --- 166 Coelutes with BDE-138 


2,2’,3,4,4’,5,6-HpBDE  (4) 0.1 1.0 pg/g --- --- 20% --- 181   


2,2’,3,4,4’,5’,6-HpBDE 207122-16-5 0.1 0.5 pg/g 50-150 50-150 20% --- 183   


 2,3,3’,4,4’,5,6-HpBDE  (4) 0.1 1.4 pg/g --- --- 20% --- 190   


2,2’,3,4,4’,5,5’,6-OcBDE  (4) 0.1 2.0 pg/g --- --- 20% --- 203   


2,2’,3,3’,4,4’,5,5’,6-NoBDE  (4) 0.1 12.3 pg/g --- --- 20% --- 206   


2,2’,3,3’,4,4’,5,6,6’-NoBDE  (4) 0.1 11.0 pg/g --- --- 20% --- 207   


 2,2’,3,3’,4,5,5’,6,6’-NoBDE  (4) 0.1 8.8 pg/g --- --- 20% --- 208   


2,2’,3,3’,4,4’,5,5’,6,6’-DeBDE 1163-19-5 0.1 124 pg/g 50-150 50-150 20% --- 209   
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Table 6-10      Data Quality Goals for PBDE Congeners 


Analyte CAS No. MDL1 MRL Unit LCS 
%R 


MS/MSD 
%R 2 


Precision 
RPD 3 


Labeled 
Compound 


%R 


PBDE 
Number Comment 


13C12-4,4’-DiBDE --- --- --- Percent 30-200 25-200 --- 25-200 15L   


13C12-2,4,4’-TrBDE --- --- --- Percent 30-200 25-200 --- 25-200 28L   


13C12-2,2’,4,4’-TeBDE --- --- --- Percent 30-200 25-200 --- 25-200 47L   


13C12-3,3’,4,4’-TeBDE --- --- --- Percent 30-200 25-200 --- 25-200 77L   


13C12-2,2’,4,4’,5-PeBDE --- --- --- Percent 30-200 25-200 --- 25-200 99L   


13C12-2,2’,4,4’,6-PeBDE --- --- --- Percent 30-200 25-200 --- 25-200 100L   


13C12-3,3’,4,4’,5-PeBDE --- --- --- Percent 30-200 25-200 --- 25-200 126L   


13C12-2,2’,4,4’,5,5’-HxBDE --- --- --- Percent 30-200 25-200 --- 25-200 153L   


13C12-2,,2’,4,4’,5,6’-HxBDE --- --- --- Percent 30-200 25-200 --- 25-200 154L   


13C12-2,2’,3,4,4’,5’,6-HpBDE  --- --- --- Percent 30-200 25-200 --- 25-200 183L   


13C12-2,2’,3,3’,4,4’,6,6’-OcBDE  --- --- --- Percent 30-200 25-200 --- 25-200 197L   


13C12-2,2’,3,3’,4,4’,5,5’,6,6’-DeBDE --- --- --- Percent 10-200 10-400 --- 10-400 209L   


13C12-2,2’,3,4,4’,6-HxBDE --- --- --- Percent 30-200 25-200 --- 25-200 139L   


Notes:           


1. The MDL for PBDE is that defined by Method 1614A.  The MRL is equivalent to the Method Limit (ML) in Method 1614A 


2. The criteria adopted from those for LCS as project advisory control criteria.     
3. Only applicable for results ≥10 x estimated detection limit   


4. Axys reports that there are not CAS numbers for these compounds    


LCS - Laboratory control sample     
MS/MSD - Matrix spike and matrix spike duplicate pg/g - picogram per gram    
%R - Percent recovery MDL - Method detection limit    
RPD - Relative percent difference MRL - Method reporting limit    
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7. BIOLOGICAL ANALYSES 
The Kenmore Navigation Channel characterization analysis will use a modified tiered strategy 
for biological testing.  The standard suite of marine bioassays will be conducted for any DMMU 
where a single COC exceeds the SL (Section 6.1).  For any z-layer sample that exceeds the SQS, 
the suite of freshwater bioassays specified in the SMS (Section 7.2) will be conducted. 


All sediment samples for potential bioassays will be stored at 4°C, under a nitrogen atmosphere 
(i.e, nitrogen-purged headspace) pending completion of chemical analyses and initiation of any 
required  biological testing.  All bioassays, including retests, will commence within 56 days from 
collection of the first grab sample in the sediment composite to be tested.  The laboratory will 
maintain chain-of-custody procedures throughout biological testing.  


Bioassay testing will be initiated as soon as possible after the first chemical results become 
available and the decision is made to conduct bioassays.  This includes obtaining test organisms 
and control and reference sediments in a timely manner.  This approach will support the 
opportunity for any second-round (additional) biological testing within the allowable 56-day 
holding period if such need arises.  As initial chemistry data become available, the project 
manager and the bioassay laboratory representative will maintain close coordination with the 
DMMO to expedite biological testing decisions. 


7.1 MARINE BIOLOGICAL TESTING 
The following suite of marine bioassays, based on site conditions, is expected to be: 


• 10-day amphipod mortality test (Eohaustorius estuarius) 


• 20-day juvenile Neanthes arenaceodentata growth test 


• 48-hour sediment larval development test (Mytilus galloprovincialis). 


The actual species used in the testing may change based upon site sediment physical conditions 
(i.e., grain size) and species availability at the time of testing. Any changes to the testing 
approach will be made in consultation with the DMMP.  


Testing protocols will be those defined by the Puget Sound Protocols and Guidelines (PSEP 
1995), with appropriate updates as defined in clarification papers at the Sediment Management 
Annual Review Meetings.6 This includes the bioassay endpoint refinements for the Neanthes and 
bivalve tests (DMMP 2013c) and the ammonia and sulfide triggers (DMMP 2013d). Appropriate 
QA/QC controls will include negative controls, positive controls, and reference sediments. 
QA/QC limits, along with bioassay interpretive criteria, are shown in Table 7-1. For the 
amphipod and Neanthes test, the clean negative controls will be those sediments collected in 
Yaquina Bay, OR. Clean seawater (also from Yaquina Bay) will act as the negative control for 
the larval bioassay. The positive control, or reference toxicant, LC50 or EC50 will be within the 
95 percent confidence interval of previous responses observed by NWAS. 


6 Available at http://www.nws.usace.army.mil/PublicMenu/Menu.cfm?sitename=dmmo&pagename=home  
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7.1.1 Salinity Adjustment 


Freshwater sediments collected from the Kenmore channel are being evaluated for disposal at the 
Elliott Bay Disposal Site, which is a marine (saltwater) disposal area. If bioassays are required, it 
will be necessary to adjust the salinity and allow the sediments to acclimate to marine conditions 
prior to conducting the Neanthes and amphipod bioassays.  A salinity adjustment for the larval 
bioassay will not be necessary.   


There are no specific standard procedures for salinity acclimation of freshwater-collected 
sediments in the DMMP. Salinity adjustments have been done by at least one laboratory that 
reported gradually increasing ammonia concentrations in the overlying water and porewater 
followed by a decline once the sediments have acclimated to the proper salinity (B. Hester, 
Environ, communication to the DMMO). While acclimation may be monitored using overlying 
water measurements, interstitial porewater ammonia concentrations are the best indication of 
exposure to ammonia for benthic organisms. As such, both overlying water and porewater 
ammonia are monitored during the acclimation period.  


The required salinity to conduct the Neanthes and amphipod tests is 28 ± 1 part per thousand 
(ppt). The acclimation  procedure involves layering the freshwater sediment into test chambers 
per the specific test methodology, placing natural marine water into the chambers, aerating, and 
allowing the water to remain static for a period of 7 to 14 days (or longer) prior to the addition of 
organisms.   Water quality parameters, including ammonia and sulfides, will need to be 
monitored during the acclimation period.  Ammonia concentrations in particular are expected to 
increase during acclimation, then decrease.   


During the expected 14-day acclimation period, the overlying water will be measured for 
ammonia, sulfides, temperature, pH and salinity on a daily basis and  porewater measurement of 
these same parameters will be made at intervals using four (4) sacrificial beakers per test 
sediment. One additional sacrificial beaker will also be set up; in the event that the salinity 
adjustment and/or the expected drop in ammonia concentrations takes longer than expected, the 
fifth beaker can be used as an additional check. If the salinity adjustment and ammonia 
concentrations reach acceptable levels within 14 days, the fifth beaker will be used to make a 
final check of porewater concentrations before test organisms are added. The expected sampling 
schedule for both the acclimation, and the testing period, are given in Table 7-2. 


The actual bioassays will commence as soon as the porewater salinity has is at 28 ± 1 ppt, and 
the ammonia and sulfide levels are below the proposed trigger guidelines in Table 7-3 (DMMP 
2013b). The DMMP made a determination that the bioassay testing could commence once the 
ammonia/sulfide levels are less than the lowest No Observed Effect Concentration reported in 
the 2013 Clarification Paper.  Once the target salinity and ammonia levels have been achieved in 
the porewater, the overlying water will be gently decanted and replaced with fresh seawater, and 
the Neanthes and amphipod tests will begin. 


7.1.2 Purging Pre-Test Procedure  


The Statement of Work for W912DW-14-T-0002 required the inclusion of purging pre-tests for 
the bioassays. This was intended to provide information on the likelihood of non-treatment 
effects from sulfides and ammonia in the amphipod and Neanthes bioassays, and the need for 
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purging of these constituents.  The purging pre-test will run concurrent with the salinity 
adjustment.   


As a final check at the time of test inoculation, if available, the fifth sacrificial beaker will be 
tested for overlying and porewater ammonia and sulfides testing (Table 7-2). During the test, 
measurements of ammonia, sulfides, temperature, pH, salinity and DO will be made in the 
overlying water by the bioassay lab, followed by extraction of the porewater from the sediment. 
Ammonia, sulfides, temperature, pH, salinity and DO will then be measured in the extracted 
porewater by the bioassay lab. The unionized ammonia and hydrogen sulfide concentrations will 
be calculated for both overlying water and porewater.  


Similar testing will not be necessary for the larval test, as no purging is anticipated due to the 
dilution that occurs when this bioassay is set up. 


7.2 FRESHWATER BIOLOGICAL TESTING  
A decision to conduct freshwater bioassays will be made by the DMMP for any sediment that 
exceeds the Freshwater SQS and is found to exceed the State anti-degradation standard. 
Bioassays will be conducted by NWAS at its Newport, OR facility, and will be the following 
tests: 


• 20-day Chironomus dilutes survival and growth test  
• 10-day Hyalella azteca survival test 


 


Prior to testing all bioassay sediment samples will be stored at 4°C with no head space, (i.e., 
anaerobic environment). All bioassays, including retests, will commence within 56 days from the 
collection/processing of the first sediment sample in the sediment composite to be tested. The 
laboratory will maintain CoC procedures throughout biological testing.  


Testing protocols as required are either the ASTM (ASTM 2001 or EPA (USEPA 2000) 
standards.  NWAS uses a combination of those methods; the NWAS test protocol will be 
provided upon request.   


NWAS uses sediment as the clean negative control that it collects from Beaver Creek, 
approximately 8 miles south of Newport, OR.  The Beaver Creek sediment may also serve as the 
reference sediment, or separate reference sediment may be collected at the direction of the 
DMMO. 


Interpretive criteria for the bioassays are presented in Table 7-4. These criteria reflect the DMMP 
clarification of freshwater bioassay procedures (DMMP 2014a,b).  Statistical differences will be 
evaluated using the DMMP-developed program Bio-Stat. 


7.3 BIOASSAY LABORATORY QUALITY CONTROL 
Appropriate QA/QC controls will include negative controls, positive controls, and the reference 
sediment. QA/QC limits, along with bioassay interpretive guidelines, are shown in Table 7-1 for 
the marine testing, and Table 7-4 for the freshwater species.  
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The positive control, or reference toxicant, LC50 or EC50 will be within the 95 percent 
confidence interval of previous responses observed by NWAS.  


QA/QC review of bioassays will follow the methods in the USACE Quality Assurance/Quality 
Control (QA/QC) Guidance for Laboratory Dredged Material Bioassays (USACE 1994). 
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Table 7-1 Marine Bioassay QA/QC Performance Standards and Interpretive Criteria 


Bioassay Negative Control Standard Reference Sediment Standard 
Nondispersive Disposal Site Interpretive Guidelines 


1-Hit Rule 2-Hit Rule 


Amphipod Mortality ≤ 10% ≤ 20 percent absolute over the 
mean control sediment mortality 


Mortality > 20% over control 
Mortality > 30% over reference  


Statistically different from  
reference sediment (p = 0.05) 


Mortality >20% over control  
Statistically different from  


reference sediment (p=0.05) 


Neanthes 


Mortality ≤ 10% Mortality ≤ 20% Mean growth rate < 80% control  
Mean growth rate < 50% reference 


Statistically different from  
reference sediment (p = 0.05) 


Mean growth rate < 80% control  
Mean growth rate < 70% reference 


Statistically different from  
reference sediment (p = 0.05) 


Mean individual growth/day  
≥ 0.38 mg/day 


Mean growth rate ≥ 80 percent 
of the control sediment 


Larval 
Development 


Combined endpoint  
(mortality + abnormality) is ≤ 


30% 


Combined endpoint  
(mortality + abnormality) ≤ 35% 


Normal larvae < 80% control 
Normal larvae < 70% reference  


Statistically different from  
reference sediment (p = 0.1) 


Normal larvae < 80% control 
Statistically different from  


reference sediment (p = 0.1) 


 
 
 
 
 
Table 7-2. Schedule for Sampling Overlying and Interstitial Salinity, Ammonia and Total Sulfides 


Bioassay Test 
Salinity Acclimation/Pre-Purge Test Monitoring 


Overlying Water Interstitial Water Overlying Water Interstitial Water 


10-day Amphipod 
Mortality Test Daily Day -14 to Day -1 Day -14, Day -9,  


Day -4, Day -1 Days 0, 1, 2, 10 Days 0, 1, 2, 10 


20-day Neanthes 
Growth Test Daily Day -14 to Day -1 Day -14, Day -9,  


Day -4, Day -1 Days 0, 1, 2, 20 Days 0, 1, 2, 20 


48-hour Larval 
Development Test --- --- Days 0, 1, 2 Days 0, 1, 2 
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Table 7-3  Proposed DMMP Ammonia and Sulfide Trigger Guidelines  


Trigger Bedded sediment tests 
Neanthes Ampelisca Eohaustorius Rhepoxynius 


DMMP Proposed Guideline for Unionized Ammonia (mg/L) Ref Tox  0.23   0.1180 0.400  0.200 
DMMP Proposed Guideline Unionized Ammonia (mg/L) Purge   0.46   0.2360  0.800  0.400 
Kenmore Bioassay Unionized Ammonia (mg/L) Test Initiation Ceiling ≤ 0.46 ≤ 0.2360 ≤ 0.800 ≤ 0.400 
DMMP Proposed Guideline Hydrogen Sulfide (mg/L) Purge   3.40   0.0094 0.122   0.099 
Kenmore  Bioassay Hydrogen Sulfide (mg/L) Test Initiation Ceiling  ≤ 3.40 ≤0.0094 ≤ 0.122 ≤ 0.099 


 
 
 


 
 
Table 7-4  Freshwater Bioassay QA/QC Performance Standards and Interpretive Criteria 


 
Toxicity Test 


Negative Control 
Performance 


Standard 


Reference Sediment 
Performance 


Standard 1 
1-Hit Criteria 2-Hit Criteria 


Hyalella azteca 
10-day mortality Mortality ≤ 20% Mortality ≤ 25% 


   Mortality > 25% over reference               Mortality > 15% over reference 
 Statistically different from reference 


sediment  
(p = 0.05) 


 Statistically different from reference 
sediment  
(p = 0.05) 


Chironomus dilutus 
20-day mortality Mortality ≤ 32% Mortality ≤ 35% 


   Mortality > 25% over reference    Mortality > 15% over reference 
 Statistically different from reference 


sediment  
(p = 0.05) 


 Statistically different from reference 
sediment  
(p = 0.05) 


Chironomus dilutus 
20-day growth 


Mean individual 
growth/day  ≥ 0.6 


mg/day 


Mean individual 
growth rate   Mean growth rate < 60% reference    Mean growth rate < 75% reference  


≥ 80 percent of the 
control sediment 


 Statistically different from reference 
sediment  
(p = 0.05) 


 Statistically different from reference 
sediment  
(p = 0.05) 


Notes: 
 


1. For this program, the Beaver Creek control sediment will also serve as the reference sediment.  Test sediment results will be compared 
quantitatively and statistically directly against the control sediment results.
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8. DATA ANALYSIS AND REPORTING 
In order to make efficient and timely decisions it will be necessary to supply tabulated data to the 
DMMP as soon as it is available. To that end, there will be intermediate and final data 
deliverables.  


8.1 INTERMEDIATE DATA DELIVERABLES 
Immediately as the data are available, the tabulated results will be made available to the DMMO. 
For the analytical laboratory results, a table showing the stations results relative to the DMMP 
criteria shown in Table 1-4 will be prepared and e-mailed to the DMMO for review and 
distribution to the agencies. The accompanying laboratory QA/QC data reports will also be 
provided; the external validation report will be provided with the Final Report. The purpose of 
providing these data is to allow the DMMP agencies to determine if there are any stations with 
SL exceedances that require bioassays.  


Upon completion of the bioassay data compilation those data will also be tabulated and provided 
to the DMMO. This intermediate deliverable will consist of a draft table showing the results for 
each of the three bioassays, including control, reference, and test stations, relative to the criteria 
shown in Table 7-9. Should any problems arise that are communicated from NAWS to the 
Contractor Team (e.g., control or reference failures), these will be reported immediately to the 
DMMO. 


8.2 FINAL REPORT 
Submittal and sampling and analysis data will follow that listed in the DMMP User’s Manual 
(Section 10) which will include: 


• Sediment Characterization Report (paper and electronic copies) 


• Data in Ecology’s Electronic Information Management System (EIMS) 


The final written report will document all activities associated with collection, compositing, 
transportation, chemical analyses, and biological testing of sediment samples. The chemical, 
biological, and QA/QC reports will be included as appendices. At a minimum, the following will 
be included in the Final Report:  


• Summary of sampling, compositing, chemical testing, QA/QC procedures and any 
deviations from the approved sampling and analysis plan. 


• Table(s) with target and actual sampling station coordinates, lake-level-corrected 
mudline elevations and compositing information. 


• Figures showing target and actual sampling locations. 


• Table cross-referencing laboratory sample IDs with DMMU/z-sample IDs and 
indicating the analyses done for each DMMU and z-sample. 


• Table(s) comparing the analytical results of the dredged material conventional and 
chemical testing to the DMMP Marine Guideline Values.  Exceedances of SLs, 
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BTs and MLs will be highlighted.  The report will include both the laboratory and 
the post-validation qualifiers.  


• Table(s) comparing the analytical results of the z-layer conventional and chemical 
testing to the Freshwater Sediment Criteria; exceedances of SQS and CSL will be 
highlighted. 


• Table of the validated results for the polybrominated diphenyl ethers congeners 
(PBDE) 


• A Data Validation Report (DVR), including a summary of the DVR findings in the 
main body of the report, of the quality control (QC) data for conventional and 
chemical testing. 


• Appendices to include the final sampling and analysis plan; daily 
sampling/processing reports; field notes; sediment drive logs; core logs and 
photographs; chain-of-custody forms; chemistry and data validation reports. The 
lab report is to include a case narrative from the laboratory. 


• Level III/IV data deliverables (electronic only). 


• Shapefiles or a geodatabase with DMMU boundaries, target sampling locations and 
actual sampling locations; with associated tabular data as described in Task 1. 


• Puget Sound Standard Reference Material (PS-SRM) data submitted per DMMP 
requirements (DMMP 2013a)  


 
Depending on the options exercised, the following elements may need to be included in the 
report: 
 


• Marine biological testing results of the proposed dredged material including: 
o the ash-free dry weight (AFDW) endpoint for the juvenile polychaete 


growth bioassay 
o the standard or resuspension endpoint for the larval development bioassay, 


depending on the physical nature of the sediment being tested and the 
decision of the DMMP agencies 


o mortality, emergence and reburial data for the amphipod test; 
o water quality data 
o reference sediment, negative control, and positive control results; 
o Interpretation of bioassay data, including appropriate statistical analyses 


using BioStat 
o Description of any purging procedures conducted and the data resulting 


from those procedures 
o QA/QC review of bioassays following the methods in the USACE Quality 


Assurance/Quality Control (QA/QC) Guidance for Laboratory Dredged 
Material Bioassays (USACE 1994). 


• Freshwater biological testing results of the z-layer material including: 
o 20-day Chironomus dilutes survival and growth test  
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o 10-day Hyalella azteca survival test 


o Interpretation of bioassay data, including appropriate statistical analyses 
using BioStat 


o water quality data 
o reference sediment, negative control, and positive control results 
o QA/QC review of bioassays will follow the methods in the USACE Quality 


Assurance/Quality Control (QA/QC) Guidance for Laboratory Dredged 
Material Bioassays (USACE 1994). 


 
A draft data report will be provided to the DMMP agency reviewers in electronic format 
(Microsoft Word 2007 and PDF). 
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DAILY ACTIVITY REPORT 
 


Report #          1  DATE     July 10, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Lake Washington Low Water Datum 
 


0700        21.91ft LWLWD 
0800        21.92 
0900        21.92 
1000        21.92 
1100        21.92 


1200        21.92 ft LWLWD 
1300        21.92 
1400        21.92 
1500        21.91 
1600        21.91 


1700        21.91 ft LWLWD 
1800        21.91 
1900        21.90 


 
 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: R/V Peter R, vibracore  
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Completed mobilization of boat, including navigation checks. 
2. Made 13 attempts at collecting cores in DMMUs 1 and 2; were successful in collecting four cores. 
3. Completed DMMU 1 Cores 1 and 2, and DMMU 2 Core 3 and 4  


 
Station Attempt 


Number 
Time of 


Collection 
Nominal 
Depth 


Corrected 
Depth 


Penetration Acquisition % Recovery 


KEN01-01 3 11:16 16.3 14.4 7 5.4 77.4 
KEN01-02 2 12:18 15.9 14.0 5.9 5.3 89.8 
KEN02-03 4 14:59 18.4 16.5 7 5 71.0 
KEN02-04 4 1856 15.5 13.5 7 4.8 68.6 


 
Problems with sampling are discussed, below. 


 
QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  


 Navigation checks at the beginning and conclusion of sampling 


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 Initial H&S meeting held.  Topics included slip/trip/fall, pinch points, overhead hazards, PPE requirements, 


person-overboard procedures, proper lifting techniques, emergency contracts and hospital routes 
 


PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    
While adequate penetration was achieved at all coring attempts, the acquisition and percent recovery proved to be 
difficult.  Sediment in DMMU is very soft at the top few feet; there was typically 2 – 6 ft of “free fall” of the corer, 
followed by a short 2 – 4 ft of vibration.  Within the z-layer, there is a very consolidated material that is highly 
cohesive and fibrous – small wood/plant fibers are present.  
 
Adjustments made during sampling to improve recoveries included using a ring inserted into the core catcher to 
keep the catcher-fingers open during the initial penetration, controlling and slowing the rate of core descent during 
the free fall, and in consultation with the DMMO, moving the stations (cores 02 and 04).  These attempts did not 
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meet with consistent success.   
 
While the SAP percent recovery target is 75%, after four attempts at Stations 3 and 4 we elected to keep the 
material even though recoveries were ca. 71 and 69%, respectively.  Did confirm that the acquired material would 
represent the dredge over-burden and z-layer prior to accepting. 
 
One additional problem noted after-the-fact is that the recorded sampling depth for Station 3 is perhaps too deep to 
yield sufficient material for sampling and analysis.  Time permitting, we will likely try to recollect that station on 
Friday. 


 


SPECIAL NOTES: 


We are going to attempt to drive longer cores (10 ft) into the softer material in the inshore DMMUs.  Those will be 
obtained on Friday.   


It is possible sampling will extend into Saturday.  


 
TOMORROW'S EXPECTATIONS:   


 
Will start on Friday morning at the outbound DMMUs 7 and 8, to see if acquisition in that different sediment may be 
easier to achieve.  This also is practical given that we do not expect to see the additional 10 ft cores till around 1000 
hrs. 
 


ATTACHMENTS:  None 
 
 


 
PREPARED BY:  Tim Thompson  
 
SIGNATURE: Filed electronically.     
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DAILY ACTIVITY REPORT 
 


Report #          2  DATE     July 11, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Lake Washington Low Water Datum  
1100/21.89 ft.   Did not copy in data from web site.  Elevation remained level all day.
 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: R/V Peter R, vibracore  
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Navigation checks at beginning and end of sampling 
2. Rechecked depth at station KEN02-03.  The depth had been recorded incorrectly.  The nominal depth is 17.5 ft.
3. Made 13 attempts at collecting cores in DMMUs 5 through 8, and were successful in collecting five cores.  See 


attachment for progress. 
 


Sampling challenges further discussed, below.   
 
QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  


 Navigation checks at the beginning and conclusion of sampling 


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 Initial H&S meeting held.  Potential for heat related injuries, including sunburns and heat stress. 


PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    
 
Full penetration was achieved on all drives, but acquisition still remained in the 65% range for many of the collected 
sample.  Continued to encounter woody debris and highly cohesive blue clay in the bottom of the core tubes. This 
material possibly affected acquisition.  Modified the coring approach by (1) modifying the rings so that it would be 
pushed into the core more readily and the fingers would close on the sample, and (2) adjust the piston to begin 
vacuum near the bottom of the core tube.  Some increase acquisition did result, but still did not consistently achieve 
75% recovery. 
 
Late in the day modified the acceptance criteria such that if after three tries at least 65% was retained, AND the 
depth of the material was sufficient to cover the z-layer.  An additional modification was if there was native glacial 
clay in the core catcher, the sample was accepted. 


SPECIAL NOTES: 


The observation of blue clay in the bottom of the core catcher suggests that previous dredging may not have 
extended to the edge of the authorized navigation channel. 


 


  







Kenmore Federal Navigation Project Sampling  Date:  07/12/2014 
USACE Page 2 
 


TOMORROW'S EXPECTATIONS:   
 
Will have to extend into Saturday in order to complete sampling and stay on schedule for processing Monday 
morning.  Will discuss with Marine Sampling Systems additional adjustments that can be made to increase core 
acquisition. 
 


ATTACHMENTS:  Field Sampling Results 
 
 


 
PREPARED BY:  Tim Thompson  
 
SIGNATURE: Filed electronically.  
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Field Sampling Results for July 10 and 11, 2014. 
 


   
 


DMMU Station Attempt Date Time Latitude  Longitude
Nominal Depth 


(ft)
Depth (LWLW) Penetration Acquisition % Recovery Accept/Reject Comment 


KEN01 1 1 7/10/2014 9:38:43 47 45.33561  122 15.54782  15.4 13.5 7 4.8 69% Reject
KEN01 1 2 7/10/2014 10:14:47 47 45.33564  122 15.54685  16.7 14.8 7 4.1 59% Reject
KEN01 1 3 7/10/2014 11:16:34 47 45.33528  122 15.54705  16.3 14.4 7 5.4 77% Accept
KEN01 2 1 7/10/2014 11:56:09 47 45.30411  122 15.62635  15.9 14.0 7 3.4 49% Reject
KEN01 2 2 7/10/2014 12:18:36 47 45.30376  122 15.62796  15.9 14.0 5.9 5.3 90% Accept
KEN02 3 1 7/10/2014 13:09:26 47 45.28822  122 15.66511  15.5 13.6 7 2.5 36% Reject
KEN02 3 2 7/10/2014 13:46:15 47 45.28778  122 15.66558  15.5 13.6 7 3 43% Reject
KEN02 3 3 7/10/2014 14:17:53 47 45.28668  122 15.66317  15.9 14.0 7 3.7 53% Reject
KEN02 3 4 7/10/2014 14:59:25 47 45.28485  122 15.65951  18.4 16.5 7 5 71% Accept Elected to keep Cores 4 and 5 to use in composite
KEN02 4 1 7/10/2014 16:04:38 47 45.26832  122 15.63726  15.9 14.0 7 1.8 26% Reject
KEN02 4 2 7/10/2014 16:46:41 47 45.26851  122 15.63590  15.7 13.8 7 2.8 40% Reject
KEN02 4 3 7/10/2014 17:32:19 47 45.27010  122 15.63865  17.8 15.9 7 3.2 46% Reject
KEN02 4 4 7/10/2014 18:56:03 47 45.26290  122 15.64437  15.5 13.6 7 4.8 69% Accept
KEN08 16 1 7/11/2014 9:17:28 47 45.11369  122 15.84462  16.6 14.7 7 4.5 64% Reject
KEN08 16 2 7/11/2014 9:44:48 47 45.11434  122 15.84522  15.9 14.0 7 4.3 61% Reject
KEN08 15 1 7/11/2014 10:16:39 47 45.13614  122 15.79381  15.7 13.8 6.7 4.5 67% Reject
KEN08 15 2 7/11/2014 11:57:49 47 45.13618  122 15.79274  14.4 12.5 7 6.4 91% Accept
KEN07 14 1 7/11/2014 12:41:08 47 45.15474  122 15.77536  15.7 13.8 7 6.8 97% Accept
KEN07 13 1 7/11/2014 13:16:15 47 45.16717  122 15.78745  16.8 14.9 7 4.5 64% Reject
KEN07 13 2 7/11/2014 13:58:32 47 45.16760  122 15.78793  16.4 14.5 7 4.7 67% Accept Hard blue glacial clay in bottom of core catcher
KEN06 11 1 7/11/2014 14:31:42 47 45.19392  122 15.76004  16.5 14.6 7 5 71% Accept
KEN06 12 1 7/11/2014 15:13:10 47 45.17992  122 15.75057  14.7 12.8 9 7.4 82% Accept
KEN08 16 3 7/11/2014 17:08:18 47 45.11386  122 15.84511  16.4 14.5 7 4.6 66% Accept
KEN05 10 1 7/11/2014 17:44:27 47 45.20102  122 15.72655  13.8 11.9 9 0 0% Reject
KEN05 10 2 7/11/2014 18:20:21 47 45.20218  122 15.72694  14.1 12.2 9 4.9 54% Reject
KEN05 10 3 7/11/2014 19:06:15 47 45.20300  122 15.72994  14.9 13.0 9 5.4 60% Reject Bottom of core at 3 ft of blue glacial clay.  Dry, highly cohesive
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DAILY ACTIVITY REPORT 
 


Report #          3  DATE     July 12, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Lake Washington Low Water Datum 
 
0800        21.87 
0900        21.86 
1000        21.85 
1100        21.86 


1200        21.86 
1300        21.85 
1400        21.86 
1500        21.87 


1600        21.87 
1700        21.86 
1800        21.87 


 
 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: R/V Peter R, vibracore  
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Completed Sampling at all locations and DMMUs.  Final field notes are attached. 
2. Samples were collected with high recoveries: about or greater than 75% and as high as 100%.   
3. The only two cores that were approximately 66% were those with clear native blue clay in the catcher (KEN05-


10 and KEN04-7). 
4. Elected to make a fifth attempt at Stations KEN02-3 and KEN02-4 to see if better recoveries could be achieved 


with the modified methods.  The % recoveries were 94% and 73%, respectively. 
5. Demobilized the vessel. 


 
QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  


 Navigation checks at the beginning and conclusion of sampling 


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 H&S meeting held.  Reviewed again PPE, and in particular requirement for the hard hat when equipment is 


being operated. 
PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    


Additional modifications were made to the rings and piston lengths.  These final adjustments resulted in the 
acquisition levels we had anticipated at the start of the job.  


SPECIAL NOTES:  None 
TOMORROW'S EXPECTATIONS:   


Will start processing at ARI on Monday.  Anticipate talking with the CTR first thing Monday morning prior to 
processing. 


ATTACHMENTS:  None 
 


 
PREPARED BY:  Tim Thompson  
 
SIGNATURE: Filed electronically. 
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Final Field Sampling Results 
    


 


DMMU Station Attempt Date Time Latitude  Longitude
Nominal Depth 


(ft)
Depth (LWLW) Penetration Acquisition % Recovery Accept/Reject Comment 


KEN01 1 1 7/10/2014 9:38:43 47 45.33561  122 15.54782  15.4 13.5 7 4.8 69% Reject
KEN01 1 2 7/10/2014 10:14:47 47 45.33564  122 15.54685  16.7 14.8 7 4.1 59% Reject
KEN01 1 3 7/10/2014 11:16:34 47 45.33528  122 15.54705  16.3 14.4 7 5.4 77% Accept
KEN01 2 1 7/10/2014 11:56:09 47 45.30411  122 15.62635  15.9 14.0 7 3.4 49% Reject
KEN01 2 2 7/10/2014 12:18:36 47 45.30376  122 15.62796  15.9 14.0 5.9 5.3 90% Accept
KEN02 3 1 7/10/2014 13:09:26 47 45.28822  122 15.66511  15.5 13.6 7 2.5 36% Reject
KEN02 3 2 7/10/2014 13:46:15 47 45.28778  122 15.66558  15.5 13.6 7 3 43% Reject
KEN02 3 3 7/10/2014 14:17:53 47 45.28668  122 15.66317  15.9 14.0 7 3.7 53% Reject
KEN02 3 4 7/10/2014 14:59:25 47 45.28485  122 15.65951  18.4 16.5 7 5 71% Accept Elected to keep Cores 4 and 5 to use in composite
KEN02 4 1 7/10/2014 16:04:38 47 45.26832  122 15.63726  15.9 14.0 7 1.8 26% Reject
KEN02 4 2 7/10/2014 16:46:41 47 45.26851  122 15.63590  15.7 13.8 7 2.8 40% Reject
KEN02 4 3 7/10/2014 17:32:19 47 45.27010  122 15.63865  17.8 15.9 7 3.2 46% Reject
KEN02 4 4 7/10/2014 18:56:03 47 45.26290  122 15.64437  15.5 13.6 7 4.8 69% Accept
KEN08 16 1 7/11/2014 9:17:28 47 45.11369  122 15.84462  16.6 14.7 7 4.5 64% Reject
KEN08 16 2 7/11/2014 9:44:48 47 45.11434  122 15.84522  15.9 14.0 7 4.3 61% Reject
KEN08 15 1 7/11/2014 10:16:39 47 45.13614  122 15.79381  15.7 13.8 6.7 4.5 67% Reject
KEN08 15 2 7/11/2014 11:57:49 47 45.13618  122 15.79274  14.4 12.5 7 6.4 91% Accept
KEN07 14 1 7/11/2014 12:41:08 47 45.15474  122 15.77536  15.7 13.8 7 6.8 97% Accept
KEN07 13 1 7/11/2014 13:16:15 47 45.16717  122 15.78745  16.8 14.9 7 4.5 64% Reject
KEN07 13 2 7/11/2014 13:58:32 47 45.16760  122 15.78793  16.4 14.5 7 4.7 67% Accept Hard blue glacial clay in bottom of core catcher
KEN06 11 1 7/11/2014 14:31:42 47 45.19392  122 15.76004  16.5 14.6 7 5 71% Accept
KEN06 12 1 7/11/2014 15:13:10 47 45.17992  122 15.75057  14.7 12.8 9 7.4 82% Accept
KEN08 16 3 7/11/2014 17:08:18 47 45.11386  122 15.84511  16.4 14.5 7 4.6 66% Accept After three tries, elected to accept
KEN05 10 1 7/11/2014 17:44:27 47 45.20102  122 15.72655  13.8 11.9 9 0 0% Reject
KEN05 10 2 7/11/2014 18:20:21 47 45.20218  122 15.72694  14.1 12.2 9 4.9 54% Reject
KEN05 10 3 7/11/2014 19:06:15 47 45.20300  122 15.72994  14.9 13.0 9 5.4 60% Reject Bottom of core at 3 ft of blue glacial clay.  Dry, highly cohesive
KEN05 10 4 7/12/2014 8:56:42 47 45.20220  122 15.73010  15.2 13.3 9 5.9 66% Accept After four tries, and blue clay in catcher, elected to accept
KEN05 9 1 7/12/2014 9:37:08 47 45.20996  122 15.74528  16.9 15.0 6.7 5.6 84% Accept
KEN04 8 1 7/12/2014 10:15:46 47 45.22396  122 15.73117  16.4 14.5 7 5.9 84% Accept
KEN04 7 1 7/12/2014 11:05:42 47 45.23729  122 15.68710  13.8 11.9 9 6 67% Accept Blue clay in catcher
KEN03 6 1 7/12/2014 11:54:58 47 45.24994  122 15.66757  15.2 13.3 7 7.3 104% Accept
KEN03 5 1 7/12/2014 12:42:37 47 45.26392  122 15.69121  15.6 13.7 7 6.4 91% Accept
KEN02 3 5 7/12/2014 13:22:03 47 45.28747  122 15.66454  15 13.1 7 6.6 94% Accept Elected to keep cores to use in composite
KEN02 4 5 7/12/2014 13:52:24 47 45.26895  122 15.63707  15.4 13.5 7 5.1 73% Accept Elected to keep cores to use in composite
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DAILY ACTIVITY REPORT 
Report #          4  DATE     July 14, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Processing at ARI 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: Processing equipment 
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Processed six cores for DMMUs 1, 7 and 8 (see attached COC for stations and samples) 
2. Samples included getting individual 8 oz samples for each core and each strata (C and Z) 


QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  
 No QA/QC samples collected  


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 H&S meeting held.  Discussed power saw safety (hands, eye, hearing protection), buddy system when cutting 


the core tubes, slips/trips/falls, proper lifting technique, and chemical hazards and protection during decon. 
PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    


 Adequate volume is an issue for the z-layer.  Each foot of core tube provides ca 2 L of material.  With two cores 
per DMMU and only two-feet of z-layer, the maximum volume is 8 L.  All of the analyses required for the z-layer 
require a total of approximately 9.5 L.   In discussion with the CTR, elected to opt for archiving sufficient 
bioassay material, and then not including the composite chemistry archive and the wood waste samples.  ARI 
should have sufficient material after the other analyses to cover additional chem archive and wood waste 
analyses, should those be required. 


 The field notes showed that we encountered to types of conditions in the core catchers that influence sampling 
and analysis:  apparent woody debris in the z-layer material, and apparent native clays in the z-layer.   


o There is an abundance of fine plant material in the cores; both in the overburden, but especially in the z-
layer.  This is relatively fine and often fibrous material, but with some larger clear twigs, stems and other 
woody material.  In some cases it appeared to be up to 20% by volume, which could potentially exclude 
the material from open water disposal.  This may not be “wood waste” in the DMMP sense, but possibly 
from submerged aquatic vegetation/wetlands from the Samamish River that existed prior to Lake 
Washington.  Would recommend that an experienced wetland scientist examine our cores to determine 
if that might not be the case. 


o A blue-colored native clay was found in the bottom of several core tubes.  In the cores processed 
yesterday only encountered a small (3 inches) of that material in the core catcher for core 13.  
Discussed with the CTR about whether to process that material at all with the z-layer, but for this core 
the lab staff had already mixed the z-layer.   Expect to encounter more of that today (especially at 
DMMU 4), and will send a photo and discuss with CTR on how to proceed. 


SPECIAL NOTES:  Discussed with the CTR how to process the four cores collected at DMMU2.  Determined that we 
would process all four cores, and take individual archive samples from each core/ 
TOMORROW'S EXPECTATIONS:   


Will complete processing. 


ATTACHMENTS:  COC 
PREPARED BY:  Tim Thompson  
SIGNATURE: Filed electronically. 
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DAILY ACTIVITY REPORT 
Report #          5  DATE     July 15, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85   >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Processing at ARI 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: Processing equipment 
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Processed six cores for DMMUs KEN02, KEN03, and KEN05. (see attached COC for stations and samples) 
2. Samples included getting individual 8 oz samples for each core and each strata (C and Z) 
3. For KEN02, in consultation with the CTR processed all four cores collected and retained.  For each of the four 


cores, and each of the strata (C, Z) retained an individual sample prior to compositing. 
QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  


 Blind field split of KEN02 C 07102014, which was designated KEN09 C 07122014 
 MS/MSD was taken at KEN07, which was processed and logged on 7/14/2014 


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 H&S meeting held.  Discussed power saw safety (hands, eye, hearing protection), chemical hazards and 


protection during decon. 
PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    


 
 ARI informed us that they will require approximately 1 L of sediment in order to process the Day 21 ammonia 


and sulfide.   This is more sediment than is listed in Table 4-1 of the SAP.  The SAP indicates that the porewater 
sediment will come from the bioassay sediment.  This is not a problem for the “C” samples, but given the limited 
volumes in the “Z” composites, might pose a problem.   Asked the ARI technician responsible for porewater 
extraction to look at the TBT porewater samples; she indicated that our samples are relatively wet and that we 
may be able to get all of the porewater for analysis from one of the two 32-oz TBT jars collected.  Porewater is 
going to be run right away; Cheronne Oreiro will keep us posted on the availability of that sample.  SEE will also 
make a table of the volume of z-layer bioassay sediment collected, what is needed, and what would be available 
for the Day 21 porewater extraction.  


 The archive PBDE sample for KEN07 and KEN08 was inadvertently not collected.  Should not impact analyses 
as the expectation was that PBDEs were only going to be run for three samples for KEN01,02, and 03.  Those 
were collected and submitted for analysis.  All other “C” samples have archived PBDE sediment. 


 Caught an error in the 7/14/2014 COC as samples were being checked in.  The corrected COC for 7/14, along 
with that for 7/15, are attached. 


SPECIAL NOTES:  None  


 
TOMORROW'S EXPECTATIONS:   


Will complete processing. 


ATTACHMENTS:  COC 


 
PREPARED BY:  Tim Thompson  
SIGNATURE: Filed electronically. 
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DAILY ACTIVITY REPORT 
Report #          6  DATE     July 16, 2014    S M T W TH F S 
 
Field Investigation Manager: Tim Thompson 
  


WEATHER  Bright Sun  Partly Cloudy Overcast Rain Snow  


TEMPERATURE F  <32 32-45 45-60    60-70 70-85     >85 


WIND   Still Mod. High  


HUMIDITY   Dry Mod. Humid  


Processing at ARI 


TASK:   Industrial Area Soils   Industrial Area Groundwater  Surface Water  Sediment  MIS 


SUBCONTRACTORS/VISITORS ON SITE: Tim Thompson, SEE; Dale Dickinson, MSS; Teal Dreher, DOF. 


EQUIPMENT ON SITE: Processing equipment 
WORK PERFORMED (INCLUDE ANY SAMPLES COLLECTED):  


1. Completed processing DMMUs KEN05 and KEN06. (see attached COC for stations and samples) 
2. Samples included getting individual 8 oz samples for each core and each strata (C and Z) 


QUALITY CONTROL ACTIVITIES (INCLUDING FIELD CALIBRATIONS)  
 None 


HEALTH AND SAFETY LEVELS AND ACTIVITIES:   Tailgate Meeting Held 
 H&S meeting held.   


PROBLEMS ENCOUNTERED/CORRECTION ACTION TAKEN:    
 


 SEE and ARI reviewed all samples logged and analyses needed.  During the review Cheronne Oreiro noted that 
we were not doing any bulk TBT analyses, but that the SMS criteria for comparison for the z-layer material is in 
ug/kg dry weight.  Consulted CTR whether the z-samples should be changed to bulk instead of porewater 
butyltins.  CTR consulted with Ecology, and advised SEE/ARI to proceed with porewater analyses for the z-
layer.  SEE will seek instruction from DMMP on how to structure the antidegradation compliance determination 
with the porewater butyltin values. 


 Reviewed the volume requirements for the ammonia/sulfide porewater analyses, bioassays, and the volumes of 
sediment collected for each DMMU.  See attached table.  There are three “C” stations where volume may be an 
issue:  KEN04 Z, KEN07 C, and KEN08 C.  Will discuss potential volume management strategies with CTR. 
NOTE: these are conservative estimates.  Actual volumes will vary. 


SPECIAL NOTES:  None  


 
TOMORROW'S EXPECTATIONS:   


Completed. 


ATTACHMENTS:  Table of volumes, COC 


 
PREPARED BY:  Tim Thompson  
SIGNATURE: Filed electronically. 
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KEN01 C 07102014 8 2.625 2.625 0.5 0.1 0.5 0.1 0.5 1.1
KEN01 Z 07102014 4.5 0.8 0.8 0.1 0.5 0.1 0.5 1.7
KEN02 C 07102014 7 2.625 2.625 0.5 0.1 0.5 0.1 0.5 0.1
KEN02 Z 07102014 7 0.8 0.8 0.1 0.5 0.1 0.5 4.2
KEN03 C 07112014 7 2.625 2.625 0.5 0.1 0.5 0.1 0.5 0.1
KEN03 Z 07112014 5 0.8 0.8 0.1 0.5 0.1 0.5 2.2
KEN04 C 07122014 8 2.625 2.625 0.5 0.1 0.5 0.1 0.5 1.1
KEN04 Z 07122014 2 0.8 0.8 0.1 0.5 0.1 0.5 ‐0.8
KEN05 C 07122014 7 2.625 2.625 0.5 0.1 0.5 0.1 0.5 0.1
KEN05 Z 07122014 3.5 0.8 0.8 0.1 0.5 0.1 0.5 0.7
KEN06 C 07112014 8 2.625 2.625 0.5 0.1 0.5 0.1 0.5 1.1
KEN06 Z 07112014 4 0.8 0.8 0.1 0.5 0.1 0.5 1.2
KEN07 C 07112014 6 2.625 2.625 0.5 0.1 0.5 0.1 0.5 ‐0.9
KEN07 Z 07112014 5 0.8 0.8 0.1 0.5 0.1 0.5 2.2
KEN08 C 07112014 4.5 2.625 2.625 0.5 0.1 0.5 0.1 0.5 ‐2.5
KEN08 Z 07112014 3.5 0.8 0.8 0.1 0.5 0.1 0.5 0.7


Notes:
1.  Neanthes test without salinity adjustment require 6*175 ml = 1.05 L minimum.
2.  Amphipod tests without salinity adjustment require 6*175 ml = 1.05 L minimum.
3.  Requirement for 5 pre‐innoculation and 4 test beakers for ammonia and sulfide at 175 mL each = 9*175 = 1.58 L
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		Kenmore Daily Report 07102014

		Kenmore Daily Report 07112014

		Kenmore Daily Report 07122014

		Kenmore Daily Report 07142014

		Kenmore Daily Report 07152014

		Kenmore Daily Report 07162014





























































































































































































































































































































