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1 INTRODUCTION 
The Washington State Department of Transportation (WSDOT), Ferries 
Division, proposes the Mukilteo Multimodal Project to improve the 
operations and facilities serving the mainland terminus of the Mukilteo-
Clinton ferry route in Washington State.  The Federal Transit Administration 
(FTA) has provided funding during the project’s planning phase and may be 
a source of construction funding.  

The proposed project is located in the city of Mukilteo, Washington, in 
Snohomish County.  The project area encompasses the Mukilteo waterfront 
area, east of Mukilteo Lighthouse Park, and along the former Tank Farm 
property. 

This data report summarizes the results from sediment sampling conducted 
in support of an Environmental Impact Statement (EIS) that WSDOT and 
FTA are preparing for the project in compliance with the National 
Environmental Policy Act (NEPA) and the State Environmental Policy Act 
(SEPA).  FTA is the federal lead agency for the NEPA environmental review 
process.  WSDOT is the state lead agency for SEPA. 

There are four project alternatives that the EIS evaluates.  Two of these 
alternatives, Elliot Point 1 and Elliot Point 2 (the preferred alternative), are 
located on the Mukilteo Tank Farm, which is owned by the U.S. Air Force.  
These two alternatives are located approximately 0.25 mile east of the 
existing ferry terminal in an area encumbered by the Tank Farm pier, a 
derelict wood and concrete pier.  The project proponents determined that a 
general understanding of sediment characteristics is necessary within areas 
where sediment disturbances are likely to occur in the vicinity of the Tank 
Farm pier.  Project-related activities may include demolishing existing 
structures and constructing new structures.  In-water construction would 
involve pile removal, pier removal, installation of drilled piles or stone 
columns, and dredging. 

1.1 Objectives for Sediment Sampling 
The goal for this sediment characterization effort is to support the 
environmental effects analysis for the EIS, including water resources, 
ecosystems, and hazardous material analyses.  Although sediment 
characterization data are compared to existing state sediment standards, 
including Sediment Quality Standards (SQS) as defined in the Sediment 
Management Standards (SMS) (Washington Administrative Code [WAC] 
173-204-300 through 350) and Dredged Material Management Program 
(DMMP) criteria, these data are not intended to determine the suitability of 
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project sediments for disposal at one of the DMMP open-water dredged 
material disposal sites.  Although the results of this sampling effort will 
inform subsequent regulatory decision-making processes, additional sediment 
characterization efforts to support design and permitting are likely to be 
required. 
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2 SAMPLE COLLECTION, PROCESSING, AND 
HANDLING PROCEDURES 

2.1 Sampling Summary 
The overall sampling strategy focused on identifying sediment characteristics 
along three transects across the Mukilteo Tank Farm Pier footprint.  Figure 
2-1 shows a conceptual cross section of the sampling strategy.  Existing sea-
bed elevations and conceptual dredge prism depths1 noted below are taken 
from information provided by Coast & Harbor Engineering as they prepared 
the Hydrodynamic and Sediment Transport Modeling Study – Mukilteo 
Ferry Terminal, June 21, 2012. 

Because of the broad area of potential sediment disturbances and sampling 
limitations associated with existing site infrastructure, two sampling methods 
were required to meet sampling objectives:   

 Acquire six vibracore sediment samples (up to 12 feet in length) to 
characterize sediments that would be disturbed or exposed by Tank 
Farm Pier removal and potential dredging.  These core lengths were 
determined based on the difference between the sediment surface 
elevation along the side of the pier (potentially as shallow as -18 to -
20 feet Mean Lower Low Water [MLLW]) and the conceptual dredge 
prism elevation (approximately -28 feet MLLW).  These samples will 
represent sediments likely to be mobilized by piling removal and/or 
dredging and will also characterize the conceptual post-project 
sediment surface. 

 Acquire three diver-collected sediment cores (up to 8 feet) directly 
within the piling field beneath the pier to characterize sediments that 
may be disturbed by pier removal and potential dredging.  Note that 
diver-collected cores were initially anticipated to be a maximum of 4 
to 6 feet in depth due to the limitations of diver-operated equipment; 
however, the new sampling methodology developed for this sampling 
effort allowed for the use of longer core tubes.  Collecting longer 
cores from beneath the pier using vessel-mounted equipment or 
using equipment operating on the pier deck is not safe or feasible. 

Sediment samples were collected during two events.  The initial sampling 
event was conducted on March 7, 2012, when six vibracore sediment samples 
(V1, V2, V3, V4, V5, and V6) were collected from a sampling vessel 

                                                
1 Note that an actual dredge prism has not been defined for the Mukilteo Multimodal 

Project. 
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immediately adjacent to the pier face.  The second sampling event was 
conducted on April 25, 2012, following consultation with the client regarding 
site-specific conditions and constraints and development of an alternative 
method to collect sediment cores beneath the pier.  During the second event, 
divers collected three vibracore sediment samples (D1, D2, and D3) within 
the piling field directly beneath the pier.  Actual sampling locations are 
shown in Table 2-1 below. 

Table 2-1. Sampling Locations 

Transect Sample Latitude1 Longitude1 Sample Latitude1 Longitude1 Sample Latitude1 Longitude1 
1 V1 57.079’ 17.851’ D1 57.071’ 17.838’ V6 57.066’ 17.831’ 
2 V2 57.115’ 17.800’ D2 57.109’ 17.785’ V5 57.102’ 17.776’ 
3 V3 57.158’ 17.743’ D3 57.146’ 17.732’ V4 57.139’ 17.724’ 
1 All sample coordinates are summarized in minutes from 47 degrees latitude and 122 degrees longitude. 

Sample collection and processing generally followed the sediment Sampling 
and Analysis Plan (SAP), which described the sampling goal to collect cores 
of up to 12 feet in length from along the outside of the pier and up to 6 feet 
in length from directly beneath the pier.  As described below, all sediment 
cores were cut into sections measuring up to 4 feet in length (0 to 4 feet, 4 to 
8 feet, 8 to 12 feet) for compositing and analysis.   

Although multiple attempts were made at each sampling location, site-
specific characteristics (shell hash, wood debris, large obstructions, etc.) 
prevented the sampling team from collecting 12-foot sediment cores at all 
locations around the outside of the pier.  

Figure 2-2 illustrates both proposed and actual sampling locations for both 
sampling methods.  Table 2-2 provides a summary of station identifications, 
sampling date and time, sampling coordinates, water depths, mud-line 
elevations, and core lengths.   
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Table 2-2. Mukilteo Multimodal Facility Sediment Sample Collection Summary 

Sampling 
Station 

Sample 
Date 

Sample Time 
(24 Hour) 

Latitiudea 
(DD/MM/SS) 

Longitudea 
(DD/MM/SS 

Water 
Depth 

Sediment 
Surface 

Elevationb 

(feet) 

Core 
Lengthc 
(ft bgs) 

Sediment 
Penetration 

Lengthc 
(ft bgs) 

 

Percent 
Recoveryc 

V1 3/7/2012 08:40 47° 57' 04.74" 122° 17' 51.06" 35.2 30.1 11.25 12 94% 

V2 3/7/2012 12:40 47° 57' 06.90" 122° 17' 48.00" 41.0 34.5 3.0 5 60% 

V3 3/7/2012 16:30 47° 57' 09.48" 122° 17' 44.58" 40.6 30.4 5.25 7 75% 

V4 3/7/2012 15:00 47° 57' 08.34" 122° 17' 43.44" 34.7 24.7 10.5 12 88% 

V5 3/7/2012 10:03 47° 57' 06.12" 122° 17' 46.56" 30.0 26.2 11.25 12 94% 

V6 3/7/2012 09:30 47° 57' 03.96" 122° 17' 49.86" 30.5 26.4 9.0 12 75% 

D1 4/25/2012 09:35 47° 57' 04.24" 122° 17' 50.28" 25.0 17.8 4.0 6 67% 

D2 4/25/2012 14:04 47° 57' 06.55" 122° 17' 47.11" 16.0 16.7 7.6 8 95% 

D3 4/25/2012 13:05 47° 57' 08.74" 122° 17' 43.94" 17.0 17.1 7.6 8 95% 

a Horizontal Datum: Washington State Plane, North Zone, NAD 83 (91) 
b Vertical Datum: MLLW (Seattle (Madison Street) Elliot Bay Washington NOAA) 
c As measured in the field 
ft bgs: feet below ground surface 
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2.2 Sampling Description 

2.2.1 Sampling Equipment 
The first sampling event was conducted primarily from the Gravity 
Environmental, LLC 34-foot, shallow-draft sampling vessel (RV Selkirk).  
Sediment cores for chemical analysis were collected with a generator-
powered, RIC 6500 vibracore assembly deployed by a hydraulic winch from 
the A-frame of the sampling vessel.  

The first sampling event also consisted of unsuccessful attempts to collect 4- 
to 6-foot sediment cores with a diver-deployed piston core.  Divers 
conducted sampling attempts from the Research Support Services 36-foot, 
shallow-draft sampling vessel (RV Carolyn Dow).  None of the sediment 
samples collected from this effort was deemed suitable for analysis.  

The second sampling event was conducted from the Gravity Environmental, 
LLC 32-foot, shallow-draft sampling vessel (RV Tahoma), using the RIC 
6500 vibracore assembly with neutral-buoyancy floats attached.  A gunwale-
mounted winch was used sparingly to aid in removal of the vibracore head 
and core tube from the sediment.  Cores were collected using 
decontaminated 4-inch-diameter Lexan (polycarbonate) core barrels (tubes).  
A new, decontaminated core barrel was used for each sampling station. 

2.2.2 Positioning Methods 
Approximate sampling location coordinates (latitude and longitude) at the 
project site in Possession Sound were pre-determined using CADD/GIS 
software.  Once in the field, station positioning was accomplished using a 
differential global positioning system (DGPS) on board the sampling vessel.  
The coordinates of each sampling location were entered into the DGPS 
computer and displayed on screen with a real-time indicator of the position 
of the boat.  The sampling vessel then moved into position as close to the 
pre-determined location as conditions would allow.   

During the first mobilization (March 7, 2012), a sediment core was collected 
from the A-frame located on the bow of the research vessel.  Actual 
sampling location coordinates were documented by DGPS as each sediment 
core was collected.   

During the second mobilization (April 25, 2012), diver core positions were 
determined by DGPS readings made on the vessel and adjusted by an offset 
direction and distance.  Divers used a survey tape to measure the offset from 
the vessel to the vibracore assembly position.  For all sampling stations, 
latitude and longitude were recorded to the nearest 0.01 second in the North 
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American Datum of 1983 (NAD83).  The core collection log sheets are 
included in Appendix A.   

However, the initial DGPS coordinates provided by Gravity Environmental, 
LLC for the April 25 diver-collected cores plotted outside of the Tank Farm 
Pier footprint.  To investigate these location errors, Parametrix requested all 
raw data from the navigation logs, including GPS satellite information and 
the measured PDOP.  PDOP (Positional Dilution of Precision) is one 
component of the GPS data that can serve as an estimator of position error. 

The number of satellites and their geometry overhead relative to the GPS 
receiver and potential obstructions play a major role in the precision of 
estimated positions.  A low DOP value represents a better GPS positional 
precision.   Obstructions like the Tank Farm Pier can interfere with the GPS 
signal, resulting in a higher DOP value.  The number of satellites and 
associated PDOP value for each diver-core is summarized in Table 2-3 
below.  Table 2-4 provides a qualitative explanation of relative PDOP values.  

Table 2-3:  GPS Satellite and PDOP information for diver-cores. 

Station Satellites PDOP 

D1 5 4.33 

D2 6 3.20 

D3 5 4.62 

Table 2-4:  Qualitative definitions for GPS DOP values. 

DOP Rating Description 

1-2 Excellent At this confidence level, positional measurements are considered 
accurate enough to meet all but the most sensitive applications. 

5-10 Moderate Positional measurements could be used for calculations, but the 
signal quality could be improved. 

10-20 Fair Represents a low confidence level. Positional measurements 
should be discarded or used to provide a rough estimate of the 
current location. 

Note:  Table 2-4 is adapted from en.wikipedia.org/wiki/Dilution_of_precision_(GPS). 
Based upon a review of this information in consultation with Gravity 
Environmental, LLC and Nobletec, Inc. (makers of the navigation software 
used with the Trimble DGPS system), the team determined that post-
processing of the raw DGPS data would be required.  Technical staff at 
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Nobletec completed post-processing for the DGPS data2, enabling Gravity 
Environmental to provide a corrected Navigation Log (Appendix A).   

The post-processed diver core sampling station locations are plotted on 
Figure 2-2.  

2.2.3 Soundings Methods 
All vertical control parameters were recorded on the core collection logs at 
the time of sampling.  These parameters included depth to sediment (mud-
line) and water elevation.   

During the first sampling event (March 7, 2012), the water depth at each 
sampling station was measured to the nearest 0.1 foot, using the calibrated 
fathometer on board the sampling vessel.  The mud-line elevation at each 
sampling station was determined, relative to MLLW, by subtracting the tidal 
elevation at the time of sampling from the measured water depth.  Tidal 
elevations were determined using Tides and Currents Pro (v3.6.0.115) to 
define the National Oceanic and Atmospheric Administration (NOAA) tide 
elevation data for Seattle (Madison Street), Elliott Bay, and corrected to the 
Everett tide gauge, nearest to the project site in Mukilteo.   

During the second sampling event (April 25, 2012), the diver measured water 
depth at each sampling station to the nearest 1 foot, using his depth gauge. 

2.2.4 Core Collection Methods 
The general procedure for collecting vibracore samples was generally similar 
for both sampling events.  

During the first sampling event (March 7, 2012), the sampling vessel moved 
into position on the sampling station and a 12-foot core barrel with core 
catcher (fingers) in place was secured to the vibracore head.  All core barrels 
(and attached core catchers) were decontaminated prior to mobilization.  The 
vibracore head and core barrel (together referred to as the coring assembly) 
were suspended from the A-frame of the vessel and the coring assembly was 
deployed overboard in an upright position.  The coring assembly was 
positioned over the sampling location and lowered to the mud-line using the 
hydraulic winch and A-frame.   

                                                
2 Nobletec technical staff commented that they were able to post-process the data with a 

better differential beacon and confirmed that satellite coverage was poor at the time diver-
cores were collected from beneath the Tank Farm Pier (7-20-2012. Personal 
Communication. S. Hinz. Gravity Environmental, LLC.) 
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Once the core nose was resting on the mud-line, the vibracore was triggered 
(from the vessel) and the core tube was vibrated into the sediment to a depth 
of 12 feet (or until refusal) so that a continuous sediment core was collected.  
The depth of core penetration and the depth of the water column were 
measured and recorded during the coring operation.  After full penetration or 
refusal was reached, the core barrel was extracted from the sediment with the 
aid of the hydraulic winch and A-frame.  The coring assembly was lifted 
from the water and placed on the vessel deck. 

The core barrel was removed from the assembly for processing.  The length 
of the material (sediment) remaining in the core barrel following retrieval was 
measured in order to determine sediment recovery.  The overlying water was 
removed from the core barrel and the core barrel was cut into approximately 
4-foot sections for transport to the onshore processing location.  Every 
effort was made to retain as much material in the core as possible.  Each 
section was capped at both ends with aluminum foil and core barrel caps, 
labeled, and placed in an upright position until transported to the core 
processing location. 

During the second sampling event (April 25, 2012), the sampling vessel 
moved into the nearest possible position adjacent to the sampling station and 
tied up along the outside of the pier.  Once the vessel was secured, an 8-foot, 
previously decontaminated core barrel and catcher was attached to the 
vibracore head.  With the coring assembly suspended from the A-frame of 
the vessel, floats were secured to the vibracore head to achieve neutral 
buoyancy and the entire assembly was lowered into the water using the 
hydraulic winch.  The diver then towed the vibracore assembly to a viable 
sampling location under the pier.  A viable sampling location was defined as 
a location as near as possible to the pre-determined station coordinates but in 
a safe area, free of overhanging or loose materials from the pier deck and 
pilings.  When the vibracore assembly was above the sampling location, the 
diver attached the vibracore assembly to an overhead or side-positioned line 
and pulley and removed the floats.  The assembly was lowered into position 
from the sampling vessel under direction from the diver via a wired 
communication link. 

The vibracore was triggered and core tube vibrated into the sediment as 
described for the initial sampling event.  Once the core barrel was extracted 
from the sediment and raised to the water surface with the aid of a gunwale-
mounted winch, the diver reattached the floats.  Once the vibracore and core 
tube were re-floated, the diver directed the assembly back to the boat with 
handline assistance from the sampling vessel.  Once back at the boat, the 
assembly was retrieved using the hydraulic winch and A-frame.  Cores were 
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removed from the assembly and processed as described for the first sampling 
event. 

2.2.5 Core Storage 
Prior to processing, the core sections from the first sampling event were 
stored in a locked box truck in Bellevue, Washington.  The capped and 
labeled core sections were stored in a semi-upright position, covered with ice 
to maintain the temperature of the sediment at 4 degrees Celsius (4°C). 
Core storage during the second sampling event was not necessary because 
sample processing occurred on the boat as cores were collected. 

2.3 Sample Compositing 

2.3.1 Compositing Scheme 
As described above, all cores were segmented into sections of up to 4 feet in 
length.  For the 12-foot cores, sediments in the same depth interval for cores 
in each transect across the pier were composited (i.e., combined together) for 
a single analysis, except for ordnance samples. For example, the zero- to 4-
foot sections collected from the cores obtained on the north (V1) and south 
(V6) sides at the west (nearshore) end of the pier were composited for a 
single set of analyses.  Within this pair of cores, the 4- to 8-foot sections and 
8- to 12-foot sections were composited similarly.  These same depth intervals 
obtained from the other pairs of cores in the other transects were also 
composited similarly.  
Ordnance sample composites were composed of sediments from all depth 
intervals of matching cores to determine the presence or absence of 
ordnance residues. 
Diver-collected cores from beneath the pier were sectioned into two depth 
intervals (0 to 4 feet, and 4 to 4+ feet).  The surface interval (0 to 4 feet) 
from each core was analyzed, while the deeper sections were archived.  No 
multi-core composites were prepared from the diver-collected cores. 
Table 2-5 identifies the sediment core compositing scheme for all analytes 
except ordnance samples. 
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Table 2-5.  Mukilteo Multimodal Facility Sediment Sample Compositing 

Core Section Sediment Sample Composite 
0’ – 4’ V1 / V6 D1 V2 / V5 D2 V3 / V4 D3 
4’ – 8’ V1 / V6 n/a1 V52 D23 V3 / V4 D33 
8’ – 12’ V12 n/a1 V52 n/a1 V42 n/a1 
1 Diver-collected cores did not acquire sediment at this elevation. 
2 Because 12-foot cores were not acquired at locations V2, V3, and V6 composite consists of 

sediment from the single vibracore cited. 
3 These samples were archived for potential future analysis. 

2.3.2 Compositing Methods and Dates 
Core processing for the first sampling event was conducted on March 8, 
2012.  Sediments in the same depth interval were composited from core pairs 
collected in each of the three sampling transects. 

Prior to processing each core, the processing table was lined with clean 
aluminum foil.  Next, core sections were removed from 4°C storage and 
placed horizontally onto the core processing table.  The core tube was placed 
at an angle to the table and the sediment was extruded by tapping on the core 
barrel with a dead-weight hammer, which allowed sediment to slide down the 
tube and onto the table for processing.  The sediments were damp, generally 
cohesive, and easily extruded.  Care was taken to prevent sediment 
contamination by contact with the core processors and processing 
equipment.   

Subsamples for volatile compounds and sulfides were taken immediately 
from the exposed sediment as described in Section 2.3.2.1.  The core section 
was logged and a portion of the remaining sediment was placed in a 
decontaminated bowl for compositing and subsampling.  The compositing 
bowl was immediately covered with aluminum foil to prevent contamination.   

The same procedure was followed for each matching core section, with 
sediment placed in the same compositing bowl with the sediment from the 
first section extruded.   

These procedures were repeated for all matching pairs of core sections and 
for individual core sections that did not have matching core sections (12-foot 
cores were not collected at all stations).  Individual core sections included the 
4- to 8-foot section of sample V5 and the 8- to 12-foot sections of V1, V4, 
and V5.  

The diver cores were processed on board the sampling vessel on April 25, 
2012, soon after they were collected.  Each zero- to 4-foot core section was 
extruded from the core barrel as described above.  Care was taken to prevent 
sediment contamination by contact with the core processors and processing 
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equipment.  Subsamples for volatile compounds and sulfides were taken 
immediately from the exposed sediment.  The core section was logged and a 
portion of the remaining sediment was placed in a decontaminated bowl for 
compositing and subsampling.  Each 4- to 8-foot core sediment section was 
extruded, photographed, logged, and subsampled for archiving only.  Four 
16-oz. jars were collected from each 4- to 8-foot core section. 

All stainless-steel bowls, spoons, and utensils used for processing were 
decontaminated according to the procedures specified in the SAP (Section 
3.5.1; FTA and WSDOT 2012) prior to use.  All unused sediment from both 
events was placed in a 30-gallon drum for appropriate upland disposal. 

2.3.2.1 Volatile Organic Compounds and Total Sulfides 

Each core section was subsampled for volatile organic compounds (VOCs), 
acid sulfide, and total sulfide analyses.  The VOC and acid sulfide subsamples 
collected from matching core sections were composited in the laboratory 
immediately before analysis. 

Subsamples for VOCs, acid sulfides, and total sulfides were collected 
immediately upon opening the core tubes (prior to core logging and sediment 
homogenization) and placed in the appropriate, labeled sample containers.  
Subsample material was collected along the entire length of the core section.  
The VOC and acid sulfide jars were filled completely with sample sediment, 
allowing no headspace.   

The total sulfides sample jar was filled to near completion and then preserved 
with approximately 5 milliliters (mL) of 2 Normal (N) zinc acetate.  
Compositing was accomplished by filling one half of the sample jar as soon 
as a core was extruded, preserving this material with approximately 2.5 mL of 
2N zinc acetate, then sealing the jar until the matching core section was 
extruded.  Immediately following extrusion of the matching core section, the 
sample jar was re-opened, filled to capacity, and sealed after adding the 
remaining 2.5 mL of 2N zinc acetate.    

2.3.2.2 Composite Samples 

Sediment for the remaining analyses were collected from the entire length of 
the sediment core section and placed into a compositing bowl using a 
decontaminated spoon.  Care was taken to avoid collecting material that 
came into contact with the sides of the core barrel; however, due to sample 
volume requirements it is likely that a small volume of such material was 
sampled.  Equal amounts of sediment, or as near as possible, were collected 
from the matching core sections and placed in the same composite bowl.  
When the combined volume of sediment needed for the chemical and 
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conventional analyses was collected, the composite sample was homogenized 
to a uniform appearance by stirring.  Subsamples were then collected for the 
various analyses. 

The ordnance compositing strategy was designed to evaluate the presence or 
absence of ordnance residue throughout the entire depth of matched cores. 
This was accomplished by mixing an equal volume of composited sediment 
subsample from each section of an individual core into a stainless steel 
mixing bowl.  The same procedure was followed with subsamples taken from 
each section of the matching sediment core.  The composited subsample 
materials from each individual core were homogenized separately (one 
homogenized composite for each individual core), and then mixed together 
and homogenized again as a combined sample composited from both 
matched cores.  

2.3.2.3 Composite Sample Storage 

All sediment samples were placed in pre-cleaned, sample containers provided 
by the analytical laboratories, and labeled appropriately.  Holding times and 
preservatives for each analyte are provided in Table 4-1 of the SAP (FTA and 
WSDOT 2012).  The filled sample containers were placed in zip-top sealable 
plastic bags and placed on ice in a cooler until delivery to the analytical 
laboratories.  All samples, except nitroaromatics and nitramines (ordnance 
residue), were hand delivered to Analytical Resources, Inc. (ARI) on the day 
following core processing.  Ordnance samples were delivered to ALS-
Columbia by Federal Express overnight priority on the day following core 
processing. 

2.4 Core Documentation 
Core sections were described throughout the full penetration depth, prior to 
homogenization and after VOC and sulfides sampling (where relevant).  All 
observations were recorded on the corresponding sediment core log sheet.  
The descriptions of each core sample recorded on the sediment core log 
sheet included (as appropriate and present): 

 Physical soil description in accordance with the Unified Soil 
Classification System (including soil type, density/consistency of soil, 
and color) 

 Description of any large debris/coarse gravel, including size of debris 
and an estimate of percent by volume in each core section 

 Odor (e.g., hydrogen sulfide, petroleum) 
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 Vegetation 

 Any other distinguishing characteristics or features 

2.5 Chain of Custody 
Duplicate Chain of Custody forms were used to record each sample 
container at the end of each sampling day.  The forms identified the sample 
identification, collection date and times, the project name and number, the 
number of preserved and unpreserved sample containers, and all requested 
analyses.  All containerized sediment samples, with the exception of those 
samples intended for analysis of ordnance residues (i.e., nitroaromatics and 
nitramines), were transferred by Parametrix staff to the primary analytical 
laboratory, ARI of Seattle, Washington on the day following processing (first 
mobilization) or sampling and processing (second mobilization).  Both the 
ARI and Parametrix personnel signed and dated the Chain of Custody forms 
to acknowledge transfer of sample possession.  Copies of those signed forms 
are included in Appendix B.   

Parametrix personnel signed and dated the Chain of Custody form for the 
ordnance residue samples, thereby acknowledging transfer of samples, and 
placed the form into the sample cooler with the ordnance samples.  A 
photocopy of the original Chain of Custody form signed by Parametrix 
personnel was retained by Parametrix.  Chain of Custody seals were affixed 
over the lid openings after the cooler was taped shut for shipment, which is 
standard procedure for shipping Chain of Custody samples.  The ordnance 
residue samples were shipped on the day after processing (first mobilization) 
or sampling and processing (second mobilization) to ALS-Columbia in 
Kelso, Washington (overnight priority via Federal Express).  Upon delivery 
of the shipment, ALS-Columbia personnel signed and dated the Chain of 
Custody forms, thereby acknowledging receipt of the samples.  Copies of the 
signed Chain of Custody forms and a Confirmation of Sample Receipt from 
ALS-Columbia are included in Appendix B. 

2.6 Deviations from the Sampling and Analysis Plan 
Deviations from the SAP (FTA and WSDOT 2012) were noted and are 
described below. 

Vibracore samples V2 and V3 were collected more than 10 feet (3 meters) 
away from the original station locations.   

The SAP specified that three attempts would be made before requesting 
permission from the client and agencies to move the station in order to 
obtain a representative and adequate sample.  However, the sampling project 
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manager gave approval to move the sampling vessel short distances (from 
the original stations) to collect representative and adequate core samples as 
near as possible to pre-determined locations.  This decision was made in the 
field without additional coordination based upon actual conditions 
encountered at V2 and V3 and daylight time constraints.   

Position adjustments were required at V2 because wood debris plugged core 
noses, limiting recovery to less than 2 feet of sediment.  After rejecting three 
cores collected within the desired 10-foot (3-meter) distance from the 
original position, the sampling team collected a fourth vibracore sample a 
distance of about 25 feet (7.5 meters) from the original station.  This attempt 
yielded the best sediment core sample (3 feet) at station V2, and the sampling 
project manager directed the vessel captain to proceed to the next station.  
Once all other samples had been collected, the sampling project manager 
directed the team to make one more attempt at station V2; however, wood 
debris again plugged the core tube.  The sampling team was prevented from 
any further sample collection attempts due to loss of daylight. 

Position adjustments were required at V3 because shell hash and debris 
plugged the core nose in repeated attempts.  After rejecting the first two core 
samples collected, a 2.5-foot core was acquired at a distance of about 10 feet 
(3.1 meters) from the original station.  Based on the need to acquire the 
remaining sediment samples, the sampling project manager directed the 
vessel captain to proceed to the next station.  Later, the boat returned to V3 
and collected a 5.25-foot core about 35 feet (10.5 meters) east of the original 
MV3 station and about 20 feet (6 meters) from the face of the pier. 

Vibracores did not penetrate to a depth of 12 feet at every location. 

The SAP proposed to drive sediment cores to a depth of 12 feet to 
characterize surface and subsurface sediments.  Two of the cores, V2 and V3, 
penetrated to estimated depths of 5 and 7 feet beneath the sediment surface, 
respectively.  Both samples required at least four attempts to acquire a 
sample that was accepted.  The sampling team encountered a hard refusal 
during each of the failed attempts, with wood waste, debris, and/or cobble 
blocking the core nose.  The sediment recovered in the V2 and V3 cores 
measured 36 and 63 inches in length, respectively (60 and 75 percent 
recovery, based on estimated penetration).  Although the depth of 
penetration reported for each core (5 and 7 feet) is greater than the depth of 
the sediments recovered, it is unlikely that the sediments collected and 
processed for V2 and V3 contained much, if any, of the material from 
sediment depths greater than 3 or 5 feet, respectively.   

The primary difference between reported penetration and recovery is 
believed to result from continued penetration of the core barrel into the 
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underlying sediment, after each core nose was effectively blocked.  The core 
noses of V2 and V3 were tightly packed with wood debris (V2) or a mixture 
of sand, pebbles and with some shell hash (V3).   

Similar conditions may also account for the 75 percent recovery reported for 
V6.  Full penetration was reported but recovery was reported as 9 feet.  
During processing, the bottom 21 inches of sediment in the 4 to 8 foot 
section were found to be clay with a trace of fine sand, which continued 
another 15 inches in the 8 to 12 foot section (the total clay layer extended 36 
inches through the two core sections).  The total sediment measured during 
processing was 109 inches or 9.1 feet.  One potential explanation is that the 
36 inches of clay collected in the core nose and lower barrel plugged the tube 
such that no additional material was collected.   

The other three cores, V1, V4, and V5, were collected after full 12-foot 
penetration and recovery was 94, 88, and 94 percent (11.25, 10.5, and 11.25 
feet of sediment), respectively.  The loosely-consolidated nature of the upper 
12 feet of most depositional materials in the immediate area of the pier is 
indicated by relative ease with which full penetration was reached.  Full 
penetration was observed for four of the six vibracores collected along the 
faces of the pier and two of the three diver-vibracores collected under 
the pier. 

Diver-deployed piston core samples were not collected from beneath the 
pier.   

During the initial sampling event, the maximum sediment depth penetrated 
by the diver-deployed piston corer beneath the pier was approximately 2 feet.  
Divers reported an inability to achieve greater penetration due to a surface 
layer of shell hash with underlying debris.  When removed from the water, 
core noses were plugged by wood waste and debris; the maximum amount of 
sediment in any of the core tubes was approximately 10 inches.  This volume 
of sediment is inadequate for sample analysis.   

In an attempt to collect some under-pier sediment for analysis, the dive team 
deployed a larger diameter stainless-steel “push core” device (35 centimeters 
long and 14 centimeters in diameter).  Divers collected surface sediment 
samples, which were archived pending the decision to implement a 
supplemental sampling event by applying an experimental, diver-deployed 
vibracore sampling method beneath the pier.   

The second sampling event produced acceptable sediment core samples from 
beneath the pier; therefore, the initial surface “push core” samples were not 
analyzed. 
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Triplicate Chain of Custody forms were not used.   

Chemistry laboratories provided duplicate Chain of Custody forms, as 
opposed to the triplicate forms indicated in the SAP.  Sediment samples were 
hand delivered to ARI and a copy of the Chain of Custody form, signed by 
Parametrix personnel relinquishing the samples and ARI personnel accepting 
the samples, were retained by each party (signed original to ARI, signed 
duplicate to Parametrix).  Samples were shipped to ALS-Columbia with the 
intact Chain of Custody form, signed by Parametrix personnel relinquishing 
the samples, included in the shipping container.  A photocopy of the original 
Chain of Custody form, signed by Parametrix personnel, was retained by 
Parametrix.  On receipt of the samples, ALS-Columbia personnel signed to 
indicate acceptance of the samples.  A copy of the completed Chain of 
Custody form, with both signatures, and a Confirmation of Sample Receipt 
were sent to Parametrix by ALS-Columbia.  Copies of all Chain of Custody 
forms and Confirmation of Sample Receipt forms are included in 
Appendix B. 

Core tube sections were not opened with a skill saw or box cutter knife.   

The sediments were generally damp and cohesive.  It was not necessary to 
cut the core tube sections in order to extrude sediments for sample 
preparation. 

Some core sections were not processed within 24 hours of collection.   

Executing the sampling and compositing scheme took longer than required 
to meet the 24-hour processing window.  As a result, processing some of the 
core sections exceeded the 24-hour guideline.  However, processing for all 
core sections was complete by the end of the day (March 8, 2012) following 
core collection (March 7, 2012).  The core sections were stored undisturbed, 
under appropriate holding conditions (capped and refrigerated at 4°C) until 
processed; therefore, this deviation was judged not to have adversely affected 
the samples collected. 
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3 CHEMICAL AND CONVENTIONAL ANALYSIS 
Samples collected from around and under the pier were subject to testing for 
“conventional” parameters, all chemical analytes on the DMMP Chemicals of 
Concern list (updated in June 2011), and ordnance residue (nitroaromatics 
and nitramines).  The results of these analyses will be used in support of an 
EIS that WSDOT and FTA are preparing for the Mukilteo Multimodal 
Project in compliance with NEPA and SEPA.  Sediment sampling results are 
compared below to both DMMP criteria and Washington State SMS; 
however, they are not suitable for the purposes of evaluating sediment 
suitability for open-water disposal or for potential beneficial use. 

3.1 Summary of Chemical and Conventional 
Analytical Results 

Tables 3-1 to 3-5 summarize the chemical and conventional results from 
analyses completed on sediment samples collected around and under the 
pier. 

3.2 Qualitative Summary of Physical Sediment 
Characteristics 

It appears that the upper 8 to 12 feet of depositional materials along the 
inside face of the Tank Farm Pier consist primarily of loosely-consolidated 
shell hash, silty fines, medium to coarse sand or clay, and some cobbles and 
pebbles.  At all sampling locations, masses of woody-debris, larger shells and 
other debris were observed.  However, other than the generally ubiquitous 
surface layer of shell hash, there were no clear patterns or layers observed 
from location to location. 

The greatest masses of woody debris were observed in cores V2, V3 and V6.  
The core noses of the vibracores collected at V2 and V3 were tightly packed 
with wood debris (V2) or a mixture of sand, pebbles and with some shell 
hash (V3), which obstructed sediment collection from 4 to 12 feet at the V2 
station and 8 to 12 feet at the V3 station.  Both vibracores required at least 
four attempts to acquire a sample that was accepted.    

Other debris observed in cores V4, V5, V6 included small pockets of 
blackened material surrounding what appeared to be a cobble or a small rock.  
These pockets of blackened material resembled asphalt and exhibited a 
petroleum odor. No other sediments in any core exhibited this petroleum 
odor.  One such pocket and apparent cobble was found in the bottom 
horizon of the 0 to 4 foot segment of the V6 sediments, while two others  
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Table 3-1.  Conventional Parameters 

ANALYTE UNITS V1/V6 Q1 D1 Q1 V2/V5 Q1 D2 Q1 V3/V4 Q1 D3 Q1 V1/V6 Q1 V5 Q1 V3/V4 Q1 V1 Q1 V5 Q1 V4 Q1

CONVENTIONALS
Total Solids % 68.7 69.8 55.8 59.6 65.4 85.2 76.1 68.3 66.9 92.9 87.6 64.7
Preserved Total Solids % 67.7 75.7 55.0 69.3 67.6 80.7 77.9 68.5 75.6 86.2 84.1 71.1
Total Volatile Solids % 2.94 2.6 5.31 5.5 2.72 1.45 1.88 2.72 2.68 0.68 0.67 3.71
N-Ammonia mg-N/kg dw 12.2 2.92 6.5 3.36 8.2 2.30 16.7 2.5 13.9 0.7 0.6 28.5
Sulfide mg/kg dw 218 153 376 159 409 6.99 32 402 246 6.8 1.19 U 530
Acid Volatile Sulfide mg/kg dw 231 173 15.6 18.8 12 56 126 707 136 6.2 1.14 U 474
Total Organic Carbon % 1.32 1.75 2.40 1.77 1.12 1.72 1.05 1.26 1.35 0.339 0.104 1.34
GRAIN SIZE
Gravel % 16.5 25.1 25.6 26.5 30.5 30.7 6.7 16.6 34.2 4.2 26.2 34.5
Very Coarse Sand % 14.2 16.5 20.9 16.7 22.0 14.9 11.0 15.3 22.3 14.5 19.0 14.3

Coarse Sand % 24.6 21.2 13.0 14.8 14.9 21.3 25.8 18.8 16.1 37.2 25.0 10.3

Medium Sand % 22.2 18.1 10.0 17.4 9.9 20.3 22.9 17.3 9.5 34.2 22.9 9.1

Fine Sand % 7.2 6.4 7.7 7.0 5.7 6.0 7.0 7.8 3.6 6.8 4.8 6.8
Very Fine Sand % 3.6 2.9 5.4 2.2 3.5 1.5 6.9 5.3 2.3 1.4 0.5 4.1
Total Sand % 71.8 65.1 57.0 58.1 56.0 64.0 73.6 64.5 53.8 94.1 72.2 44.6
Coarse Silt % 1.4 1.1 2.4 2.3 0.7 0.2 6.0 3.9 0.9 1.6 U 1.6 U 4.9

Medium Silt % 1.2 0.9 1.7 1.5 1.2 0.4 3.8 2.2 1.1 1.6 U 1.6 U 1.9

Fine Silt % 1.5 1.6 5.0 3.5 4.0 0.5 2.3 2.6 2.0 1.6 U 1.6 U 3.3

Very Fine Silt % 2.7 2.0 3.5 3.1 3.3 1.0 1.8 3.0 2.9 1.6 U 1.6 U 3.9

8-9 Phi Clay % 1.7 1.3 1.5 1.8 1.5 0.8 1.5 2.2 1.7 1.6 U 1.6 U 2.5

9-10 Phi Clay % 1.5 1.3 1.0 1.1 0.9 0.8 1.5 2.2 1.5 1.6 U 1.6 U 2.0

> 10 Phi Clay % 1.8 1.7 2.3 2.1 1.8 1.4 2.9 2.9 1.9 1.6 U 1.6 U 2.3
Total Fines % 11.8 9.9 17.4 15.4 13.4 5.3 19.8 19.0 12.0 1.6 U 1.6 U 20.9
1) Qualif ier (Q)

     U - The target analyte w as not detected at the reported concentration. 

0' - 4' intervals 4' - 8' intervals 8' - 12' intervals
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Table 3-2.  Comparison to DMMP Criteria 
DMMP Screening Criteria

ANALYTE SL ML UNITS V1/V6 Q11 D1 Q11 V2/V5 Q11 D2 Q11 V3/V4 Q11 D3 Q11 V1/V6 Q11 V5 Q11 V3/V4 Q11 V1 Q11 V5 Q11 V4 Q11

METALS (mg/kg)
Antimony 150 200 mg/kg dw 20 U 20 U 40 U 20 U 40 U 6 U 6 U 20 U 30 U 5 U 5 U 20 U
Arsenic 57 700 mg/kg dw 20 U 20 U 40 U 20 U 40 U 6 U 6 U 20 U 30 U 5 U 5 U 20 U
Cadmium 5.1 14 mg/kg dw 0.7 U 0.6 U 2 U 0.8 U 2 U 0.3 0.2 U 0.7 U 1 U 0.2 U 0.2 U 0.7 U
Chromium 260  - - - mg/kg dw 31 23 15 51 22 24 35.2 33 23 21.3 22.9 25
Copper 390 1300 mg/kg dw 12.8 11.9 12 13.3 10 10.2 17 17.9 20 6.1 7.7 22
Lead 450 1200 mg/kg dw 7 U 6 U 20 U 8 U 20 U 14 4 10 20 2 U 2 U 25
Mercury 0.41 2.3 mg/kg dw 0.03 U 0.04 0.03 U 0.05 0.03 0.03 0.08 0.07 0.03 0.02 U 0.03 U 0.25
Nickel  - - -  - - - mg/kg dw 29 27 16 36 21 27 34 35 24 26 38 26
Selenium1  - - -  - - - mg/kg dw 20 U 20 U 40 U 20 U 40 U 6 U 6 U 20 U 30 U 5 U 5 U 20 U
Silver 6.1 8.4 mg/kg dw 1.0 U 1.0 U 3 U 1.0 U 2 U 0.4 U 0.4 U 1 U 2 U 0.3 U 0.3 U 1.0 U
Zinc 410 3800 mg/kg dw 52 32 40 33 32 28 32 50 96 23 29 100
ORGANOMETALLIC COMPOUNDS
Tributyltin ion (bulk)2 73  - - -  ug/kg dw 3.8 U - - - 3.6 U - - - 3.5 U - - - 3.5 U 3.5 U 22.0 3.4 U 3.6 U 3.4 U
PAHs
Naphthalene 2100 2400 ug/kg dw 41 170 100 160 120 45 98 99 36 20 U 18 U 240
Acenaphthylene 560 1300 ug/kg dw 20 43 45 65 35 24 22 41 25 20 U 18 U 53
Acenaphthene 500 2000 ug/kg dw 26 110 23 41 37 36 46 30 16 J 20 U 18 U 160
Fluorene 540 3600 ug/kg dw 28 100 42 55 64 47 54 50 29 20 U 18 U 150
Phenanthrene 1500 21000 ug/kg dw 210 260 260 170 340 150 170 160 160 20 U 18 U 430
Anthracene 960 13000 ug/kg dw 50 140 93 120 120 110 70 94 82 20 U 18 U 250
Total LPAHs 5200 29000 ug/kg dw 375 823 563 611 716 412 460 474 348 20 U 18 U 1283
2-Methylnaphthalene3 670 1900 ug/kg dw 20 U 32 15 J 42 25 11 J 25 22 10 J 20 U 18 U 50
Fluoranthene 1,700 30000 ug/kg dw 550 340 980 360 1600 200 260 220 690 20 U 18 U 1200
Pyrene 2,600 16000 ug/kg dw 760 1900 1000 1900 1900 1800 630 1200 1300 20 U 27 4700
Benzo(a)anthracene 1300 5100 ug/kg dw 99 260 300 290 350 240 120 150 200 20 U 18 U 550
Chrysene 1,400 21000 ug/kg dw 220 480 600 560 780 540 180 300 420 20 U 18 U 1000
Total Benzofluoranthenes4,5 3200 9900 ug/kg dw 320 1600 870 1400 1400 1800 400 900 900 20 U 11 J 2700
Benzo(a)pyrene 1,600 3600 ug/kg dw 140 690 330 590 570 820 200 420 370 20 U 18 U 1300
Indeno(1,2,3-cd)pyrene 600 4400 ug/kg dw 60 310 160 310 290 340 87 170 180 20 U 18 U 530
Dibenz(a,h)anthracene 230 1900 ug/kg dw 23 120 58 120 97 140 33 67 63 4.9 U 4.6 U 180
Benzo(g,h,i)perylene 670 3200 ug/kg dw 61 300 150 320 280 340 94 170 180 20 U 18 U 570
Total HPAHs 12000 69000 ug/kg dw 2233 6000 4448 5850 7267 6220 2004 3597 4303 20 U 38 12730

1,3-Dichlorobenzene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 J 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
1,4-Dichlorobenzene 110 120 ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
1,2-Dichlorobenzene 35 110 ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
1,2,4-Trichlorobenzene 31 64 ug/kg dw 5 U 4.6 U 4.7 U 4.9 U 4.8 U 4.7 U 4.8 U 4.7 U 4.6 U 4.4 U 4.4 U 4.8 U
Hexachlorobenzene (HCB) 22 230 ug/kg dw 0.47 U 0.48 U 0.48 U 0.49 U 0.48 U 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.7 U
PHTHALATES6

Dimethyl phthalate 71 1400 ug/kg dw 5 U 4.6 U 4.7 U 4.9 U 4.8 U 4.7 U 4.8 U 4.7 U 4.6 U 4.9 U 4.6 U 4.8 U
Diethyl phthalate 200 1200 ug/kg dw 50 U 46 U 47 U 49 U 48 U 47 U 48 U 47 U 46 U 49 U 46 U 48 U
Di-n-butyl phthalate 1400 5100 ug/kg dw 20 U 19 U 19 U 20 U 19 U 19 U 19 U 19 U 18 U 20 U 18 U 19 U
Butyl benzyl phthalate 63 970 ug/kg dw 5 U 4.6 U 5.1 Q 3.3 J 2.8 J 4.7 U 4.8 U 4.7 U 4.6 U 3.4 J 4.6 U 4.8 U
Bis(2-ethylhexyl) phthalate 1300 8300 ug/kg dw 25 U 27 24 U 17 J 24 U 17 J 24 U 24 U 23 U 25 U 23 U 24 U
Di-n-octyl phthalate 6200 6200 ug/kg dw 20 U 19 U 19 U 20 U 19 U 19 U 19 U 19 U 18 U 20 U 18 U 19 U

Phenol 420 1200 ug/kg dw 20 23 37 30 21 19 U 12 J 14 J 18 U 20 U 18 U 13 J
2-Methylphenol 63 77 ug/kg dw 5.0 U 5.9 3.6 J 24 4.8 U 4.7 U 4.8 U 4.7 U 4.6 U 4.9 U 4.6 U 4.8 U
4-Methylphenol 670 3600 ug/kg dw 40 U 16 J 13 J 23 J 32 J 37 U 27 J 11 J 37 U 40 U 36 U 22 J
2,4-Dimethylphenol 29 210 ug/kg dw 20 U 6.8 J 4.3 J 21 19 U 19 U 3.8 J 3.3 J 18 U 20 U 18 U 3.4 J
Pentachlorophenol 400 690 ug/kg dw 50 U 46 U 47 U 49 U 48 U 47 U 48 U 47 U 46 U 49 U 46 U 48 U
MISCELLANEOUS EXTRACTABLES
Benzyl alcohol 57 870 ug/kg dw 20 U 19 U 19 U 7.5 J 19 U 19 U 19 U 19 U 18 U 20 U 18 U 19 U
Benzoic acid 650 760 ug/kg dw 400 U 370 U 110 J 390 U 380 U 370 U 380 U 380 U 370 U 400 U 360 U 380 U
Dibenzofuran 540 1700 ug/kg dw 19 J 80 28 43 40 29 40 38 17 J 20 U 18 U 100
Hexachloroethane  - - -  - - - ug/kg dw 20 U 19 U 19 U 20 U 19 U 19 U 19 U 19 U 18 U 20 U 18 U 19 U
Hexachlorobutadiene 11 270 ug/kg dw 0.47 U 0.48 U 0.48 U 0.49 U 0.48 U 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.8 U
N-Nitrosodiphenylamine 28 130 ug/kg dw 20 U 19 U 19 U 20 U 19 U 4.8 J 19 U 19 U 18 U 20 U 18 U 6.7 J
VOCs
Trichloroethene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
Tetrachloroethene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
Ethylbenzene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
m,p-Xylene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
o-Xylene  - - -  - - - ug/kg dw 1.1 U 1.2 U 1.3 U 1.4 U 1.1 U 1.2 U 1 U 1.1 U 0.9 U 0.9 U 0.9 U 1.1 U
Total Xylene7  - - -  - - - ug/kg dw 2.2 U 2.4 U 2.6 U 2.7 U 2.3 U 2.4 U 1.9 U 2.2 U 1.9 U 1.7 U 1.8 U 2.3 U
PESTICIDES & PCBs
4,4’-DDD 16  - - - ug/kg dw 1.5 0.96 U 0.96 U 0.97 U 0.96 U 0.95 U 1.8 0.93 U 0.94 U 0.94 U 0.93 U 9.5 U
4,4’-DDE 9  - - - ug/kg dw 0.93 U 0.96 U 0.96 U 0.97 U 0.96 U 0.95 U 0.95 U 0.93 U 0.94 U 0.94 U 0.93 U 9.5 U
4,4’-DDT 12  - - - ug/kg dw 1.4 UY 0.96 U 2.7 UY 0.97 U 2.6 UY 0.95 U 0.95 U 0.93 U 1.7 UY 0.94 U 0.93 U 9.5 U
 Total DDT8  - - - 69 ug/kg dw 1.5 0.96 U 2.7 UY 0.97 U 2.6 UY 0.95 U 1.8 0.93 U 1.7 UY 0.94 U 0.93 U 9.5 U
Aldrin 9.5  - - - ug/kg dw 0.47 U 0.48 U 0.48 U 0.49 U 0.48 U 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.7 U

cis-Chlordane  - - -  - - - ug/kg dw 0.47 U 0.48 U 0.48 U 0.49 U 0.48 U 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.7 U

trans-Chlordane  - - -  - - - ug/kg dw 1.1 UY 1.9 U 0.48 U 1.9 U 0.94 UY 1.9 U 0.48 U 0.47 U 0.61 UY 0.5 U 0.47 U 4.7 U

cis-Nonachlor  - - -  - - - ug/kg dw 1.9 U 0.48 U 1.9 U 0.68 UY 1.9 U 0.47 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 19 U

trans-Nonachlor  - - -  - - - ug/kg dw 7.1 1.9 U 11 2.2 UY 8.6 1.9 U 1.9 U 2.7 4.6 1.9 U 1.9 U 19 U

oxy Chlordane  - - -  - - - ug/kg dw 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 1.9 U 19 U

Total Chlordane4,9 2.8  - - - ug/kg dw 7.1 1.9 U 11 2.2 UY 8.6 1.9 U 1.9 U 2.7 4.6 1.9 U 1.9 U 19 U
Dieldrin 1.9 1700 ug/kg dw 0.93 U 0.96 U 0.96 U 0.97 U 0.96 U 0.95 U 0.95 U 0.93 U 0.94 U 0.94 U 0.93 U 9.5 U
Heptachlor 1.5 270 ug/kg dw 0.47 U 0.48 U 0.60 UY 0.49 U 0.63 UY 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.7 U
gamma-BHC (Lindane)  - - -  - - - ug/kg dw 0.47 U 0.48 U 0.48 U 1.2 UY 0.48 U 0.47 U 0.48 U 0.47 U 0.47 U 0.47 U 0.47 U 4.7 U
Aroclor 1016  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1221  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1232  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1242  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1248  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1254  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Aroclor 1260  - - -  - - - ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
Total PCBs10 130 3100 ug/kg dw 9.5 U 9.5 U 9.6 U 9.4 U 9.6 U 9.2 U 9.5 U 9.5 U 9.7 U 9.6 U 9.4 U 9.4 U
PETROLEUM HYDROCARBONS
Gasoline Range Hydrocarbons  - - -  - - - mg/kg dw 11 U  - - - 15 U - - - 12 U - - - 9.5 U 12 U 9 U 6.3 U 6.6 U 11 U
Diesel Range Hydrocarbons  - - -  - - - mg/kg dw 44  - - - 37  - - - 24  - - - 17 34 25 5.4 U 5.6 U 120
Motor Oil  - - -  - - - mg/kg dw 100  - - - 46  - - - 28  - - - 33 72 39 11 U 11 U 300

1) As no SL value exists to trigger toxicity testing, this chemical w ill only be evaluated for its bioaccumulative potential. Non-Detect SL Exceedance U
2) Bulk sediment measurement of TBT is used only w hen porew ater extraction cannot be accomplished. SL Exceedance
3) 2-Methylnaphthalene is not included in the summation for total LPAH. 

4) Components of benzofluoranthenes and chlordane w ere clarified at the 2007 SMARM. 

5) Sum of b,j, k-Benzofluoranthenes.

6) Based on 1998 LAET/HAET's; see http://w w w .nw s.usace.army.mil/PublicMenu/Doc_list.cfm?sitename=dmmo&pagename=17th_ARM_MAy_5_2004.

7) Sum of m,p and o-Xylenes.

8) Sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT.

9) Sum of cis-chlordane, trans-chlordane, cis-nonachlor, trans-nonachlor and oxychlordane.

10) Sum of Aroclors 1016, 1221, 1232, 1242, 1248, 1254 and 1260.

11) Qualifier (Q)

     U - The target analyte w as not detected at the reported concentration. 

     J - Estimated concentration w hen the value is less than the laboratory's established reporting limits.

     UY - Compound not detected at or above reported concentration. How ever, the analyte reporting limit is raised due to a positive chromatographic interference thus the analyte may be present below the increased limit.

     JM - Estimated (Maximum Possible ) Concentration is less than the laboratory's established reporting limits

0' - 4' intervals 4' - 8' intervals 8' - 12' intervals

CHLORINATED HYDROCARBONS

PHENOLS
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Table 3-3.  Comparison to Washington State SMS 
SMS Screening Criteria

ANALYTE SQS CSL UNITS V1/V6 Q11 D1 Q11 V2/V5 Q11 D2 Q11 V3/V4 Q11 D3 Q11 V1/V6 Q11 V5 Q11 V3/V4 Q11 V1 Q11 V5 Q11 V4 Q11

METALS (mg/kg)
Arsenic 57 93 mg/kg dw 20 U 20 U 40 U 20 U 40 U 6 U 6 U 20 U 30 U 5 U 5 U 20 U
Cadmium 5.1 6.7 mg/kg dw 0.7 U 0.6 U 2 U 0.8 U 2 U 0.3 0.2 U 0.7 U 1 U 0.2 U 0.2 U 0.7 U
Chromium 260 270 mg/kg dw 31 23 15 51 22 24 35.2 33 23 21.3 22.9 25
Copper 390 390 mg/kg dw 12.8 11.9 12 13.3 10 10.2 17 17.9 20 6.1 7.7 22
Lead 450 530 mg/kg dw 7 U 6 U 20 U 8 U 20 U 14 4 10 20 2 U 2 U 25
Mercury 0.41 0.59 mg/kg dw 0.03 U 0.04 0.03 U 0.05 0.03 0.03 0.08 0.07 0.03 0.02 U 0.03 U 0.25
Silver 6.1 6.1 mg/kg dw 1.0 U 1.0 U 3 U 1.0 U 2 U 0.4 U 0.4 U 1 U 2 U 0.3 U 0.3 U 1.0 U
Zinc 410 960 mg/kg dw 52 32 40 33 32 28 32 50 96 23 29 100
PAHs
Naphthalene 99 170 mg/kg oc 3.1 9.7 4.2 9.0 10.7 2.6 9.3 7.9 2.7 5.9 U 17.3 U 17.9
Acenaphthylene 66 66 mg/kg oc 1.5 2.5 1.9 3.7 3.1 1.4 2.1 3.3 1.9 5.9 U 17.3 U 4.0
Acenaphthene 16 57 mg/kg oc 2.0 6.3 1.0 2.3 3.3 2.1 4.4 2.4 1.2 J 5.9 U 17.3 U 11.9
Fluorene 23 79 mg/kg oc 2.1 5.7 1.8 3.1 5.7 2.7 5.1 4.0 2.1 5.9 U 17.3 U 11.2
Phenanthrene 100 480 mg/kg oc 15.9 14.9 10.8 9.6 30.4 8.7 16.2 12.7 11.9 5.9 U 17.3 U 32.1
Anthracene 220 1200 mg/kg oc 3.8 8.0 3.9 6.8 10.7 6.4 6.7 7.5 6.1 5.9 U 17.3 U 18.7
Total LPAHs 370 780 mg/kg oc 28 47 23 35 64 24 44 38 26 5.9 U 17.3 U 96
2-Methylnaphthalene3 38 64 mg/kg oc 1.5 U 1.8 0.6 J 2.4 2.2 0.6 J 2.4 1.7 0.7 J 5.9 U 17.3 U 3.7
Fluoranthene 160 1200 mg/kg oc 41.7 19.4 40.8 20.3 142.9 11.6 24.8 17.5 51.1 5.9 U 17.3 U 89.6
Pyrene 1,000 1400 mg/kg oc 57.6 108.6 41.7 107.3 169.6 104.7 60.0 95.2 96.3 5.9 U 26.0 350.7
Benzo(a)anthracene 110 270 mg/kg oc 7.5 14.9 12.5 16.4 31.3 14.0 11.4 11.9 14.8 5.9 U 17.3 U 41.0
Chrysene 110 460 mg/kg oc 16.7 27.4 25.0 31.6 69.6 31.4 17.1 23.8 31.1 5.9 U 17.3 U 74.6
Total Benzofluoranthenes4,5 230 450 mg/kg oc 24.2 91.4 36.3 79.1 125.0 104.7 38.1 71.4 66.7 5.9 U 10.6 J 201.5
Benzo(a)pyrene 99 210 mg/kg oc 10.6 39.4 13.8 33.3 50.9 47.7 19.0 33.3 27.4 5.9 U 17.3 U 97.0
Indeno(1,2,3-cd)pyrene 34 88 mg/kg oc 4.5 17.7 6.7 17.5 25.9 19.8 8.3 13.5 13.3 5.9 U 17.3 U 39.6
Dibenz(a,h)anthracene 12 33 mg/kg oc 1.7 6.9 2.4 6.8 8.7 8.1 3.1 5.3 4.7 1.4 U 4.4 U 13.4
Benzo(g,h,i)perylene 31 78 mg/kg oc 4.6 17.1 6.3 18.1 25.0 19.8 9.0 13.5 13.3 5.9 U 17.3 U 42.5
Total HPAHs 960 5300 mg/kg oc 169 343 185 331 649 362 191 285 319 5.9 U 37 950

1,4-Dichlorobenzene 3.1 9 mg/kg oc 0.08 U 0.07 U 0.05 U 0.08 U 0.10 U 0.07 U 0.10 U 0.09 U 0.07 U 0.27 U 0.87 U 0.08 U
1,2-Dichlorobenzene 2.3 2.3 mg/kg oc 0.08 U 0.07 U 0.05 U 0.08 U 0.10 U 0.07 U 0.10 U 0.09 U 0.07 U 0.27 U 0.87 U 0.08 U
1,2,4-Trichlorobenzene 0.81 1.8 mg/kg oc 0.38 U 0.26 U 0.20 U 0.28 U 0.43 U 0.27 U 0.46 U 0.37 U 0.34 U 1.30 U 4.23 U 0.36 U
Hexachlorobenzene (HCB) 0.38 2.3 mg/kg oc 0.04 U 0.03 U 0.02 U 0.03 U 0.04 U 0.03 U 0.05 U 0.04 U 0.03 U 0.14 U 0.45 U 0.35 U
PHTHALATES6

Dimethyl phthalate 53 53 mg/kg oc 0.4 U 0.3 U 0.2 U 0.3 U 0.4 U 0.3 U 0.5 U 0.4 U 0.3 U 1.4 U 4.4 U 0.4 U
Diethyl phthalate 61 110 mg/kg oc 3.8 U 2.6 U 2.0 U 2.8 U 4.3 U 2.7 U 4.6 U 3.7 U 3.4 U 14.5 U 44.2 U 3.6 U
Di-n-butyl phthalate 220 1700 mg/kg oc 1.5 U 1.1 U 0.8 U 1.1 U 1.7 U 1.1 U 1.8 U 1.5 U 1.3 U 5.9 U 17.3 U 1.4 U
Butyl benzyl phthalate 4.9 64 mg/kg oc 0.4 U 0.3 U 0.2 Q 0.2 J 0.3 J 0.3 U 0.5 U 0.4 U 0.3 U 1.0 J 4.4 U 0.4 U
Bis(2-ethylhexyl) phthalate 47 78 mg/kg oc 1.9 U 1.5 1.0 U 1.0 J 2.1 U 1.0 J 2.3 U 1.9 U 1.7 U 7.4 U 22.1 U 1.8 U
Di-n-octyl phthalate 58 4500 mg/kg oc 1.5 U 1.1 U 0.8 U 1.1 U 1.7 U 1.1 U 1.8 U 1.5 U 1.3 U 5.9 U 17.3 U 1.4 U
     M ISCELLANEOUS EXTRACTABLES
Dibenzofuran 15 58 mg/kg oc 1.4 J 4.6 1.2 2.4 3.6 1.7 3.8 3.0 1.3 J 5.9 U 17.3 U 7.5
Hexachlorobutadiene 3.9 6.2 mg/kg oc 0.04 U 0.03 U 0.02 U 0.03 U 0.04 U 0.03 U 0.05 U 0.04 U 0.03 U 0.14 U 0.45 U 0.36 U
N-Nitrosodiphenylamine 11 11 mg/kg oc 1.5 U 1.1 U 0.8 U 1.1 U 1.7 U 0.3 J 1.8 U 1.5 U 1.3 U 5.9 U 17.3 U 0.5 J
Total PCBs10 12 65 mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1016  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1221  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1232  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1242  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1248  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1254  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U
Aroclor 1260  - - -  - - - mg/kg oc 0.72 U 0.54 U 0.40 U 0.53 U 0.86 U 0.53 U 0.90 U 0.75 U 0.72 U 2.8 U 9.0 U 0.70 U

Phenol 420 1200 ug/kg dw 20 23 37 30 21 19 U 12 J 14 J 18 U 20 U 18 U 13 J
2-Methylphenol 63 63 ug/kg dw 5.0 U 5.9 3.6 J 24 4.8 U 4.7 U 4.8 U 4.7 U 4.6 U 4.9 U 4.6 U 4.8 U
4-Methylphenol 670 670 ug/kg dw 40 U 16 J 13 J 23 J 32 J 37 U 27 J 11 J 37 U 40 U 36 U 22 J
2,4-Dimethylphenol 29 29 ug/kg dw 20 U 6.8 J 4.3 J 21 19 U 19 U 3.8 J 3.3 J 18 U 20 U 18 U 3.4 J
Pentachlorophenol 360 690 ug/kg dw 50 U 46 U 47 U 49 U 48 U 47 U 48 U 47 U 46 U 49 U 46 U 48 U
Benzyl alcohol 57 73 ug/kg dw 20 U 19 U 19 U 7.5 J 19 U 19 U 19 U 19 U 18 U 20 U 18 U 19 U
Benzoic acid 650 650 ug/kg dw 400 U 370 U 110 J 390 U 380 U 370 U 380 U 380 U 370 U 400 U 360 U 380 U
CONVENTIONALS
Total Solids  - - -  - - - % 68.7 69.8 55.8 59.6 65.4 85.2 76.1 68.3 66.9 92.9 87.6 64.7
Preserved Total Solids  - - -  - - - % 67.7 75.7 55.0 69.3 67.6 80.7 77.9 68.5 75.6 86.2 84.1 71.1
Total Volatile Solids  - - -  - - - % 2.94 2.6 5.31 5.5 2.72 1.45 1.88 2.72 2.68 0.68 0.67 3.71
N-Ammonia  - - -  - - - mg-N/kg dw 12.2 2.92 6.5 3.36 8.2 2.30 16.7 2.5 13.9 0.7 0.6 28.5
Sulfide  - - -  - - - mg/kg dw 218 153 376 159 409 6.99 32 402 246 6.8 1.19 U 530
Acid Volatile Sulfide  - - -  - - - mg/kg dw 231 173 15.6 18.8 12 56 126 707 136 6.2 1.14 U 474
Total Organic Carbon  - - -  - - - % 1.32 1.75 2.40 1.77 1.12 1.72 1.05 1.26 1.35 0.339 0.1 1.34
GRAIN SIZE
Gravel  - - -  - - - % 16.5 25.1 25.6 26.5 30.5 30.7 6.7 16.6 34.2 4.2 26.2 34.5
Total Sand  - - -  - - - % 71.8 65.1 57.0 58.1 56.0 64.0 73.6 64.5 53.8 94.1 72.2 44.6
Total Fines  - - - - - - % 11.8 9.9 17.4 15.4 13.4 5.3 19.8 19.0 12.0 1.6 U 1.6 U 20.9

1) As no SL value exists to trigger toxicity testing, this chemical w ill only be evaluated for its bioaccumulative potential. Non-Detect SQS Exceedance U
2) Bulk sediment measurement of TBT is used only w hen porew ater extraction cannot be accomplished. SQS Exceedance
3) 2-Methylnaphthalene is not included in the summation for total LPAH. 

4) Components of benzofluoranthenes and chlordane w ere clarif ied at the 2007 SMARM. 

5) Sum of b,j, k-Benzofluoranthenes.

6) Based on 1998 LAET/HAET's; see http://w w w .nw s.usace.army.mil/PublicMenu/Doc_list.cfm?sitename=dmmo&pagename=17th_ARM_MAy_5_2004.

7) Sum of m,p and o-Xylenes.

8) Sum of 4,4’-DDD, 4,4’-DDE and 4,4’-DDT.

9) Sum of cis-chlordane, trans-chlordane, cis-nonachlor, trans-nonachlor and oxychlordane.

10) Sum of Aroclors 1016, 1221, 1232, 1242, 1248, 1254 and 1260.

11) Qualifier (Q)

     U - The target analyte w as not detected at the reported concentration. 

     J - Estimated concentration w hen the value is less than the laboratory's established reporting limits.

     UY - Compound not detected at or above reported concentration. How ever, the analyte reporting limit is raised due to a positive chromatographic interference thus the analyte may be present below the increased limit.

     JM - Estimated (Maximum Possible ) Concentration is less than the laboratory's established reporting limits

0' - 4' intervals 4' - 8' intervals 8' - 12' intervals

CHLORINATED HYDROCARBONS

IONIZABLE ORGANIC COMPOUNDS
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Table 3-4.  Dioxin/Furan Results 

ANALYTE TEF Units V1/V6 TEQ Q V2/V5 TEQ Q V3/V4 TEQ Q
2,3,7,8-TCDD 1 pg/g dw 0.166 0.166 JM 0.168 0.168 JM 0.157 0.157 JM
1,2,3,7,8-PeCDD 1 pg/g dw 0.535 0.535 J 0.585 0.585 J 0.52 0.52 J
1,2,3,4,7,8-HxCDD 0.1 pg/g dw 0.6 0.06 J 0.737 0.0737 J 0.33 0.033 JM
1,2,3,6,7,8-HxCDD 0.1 pg/g dw 1.69 0.169 J 3.16 0.316 1.9 0.19 J
1,2,3,7,8,9-HxCDD 0.1 pg/g dw 1.19 0.119 J 1.65 0.165 J 1.02 0.102 JM
1,2,3,4,6,7,8-HpCDD 0.01 pg/g dw 48.8 0.488 150 1.5 36.5 0.365
OCDD 0.0003 pg/g dw 479 0.1437 2400 0.72 342 0.1026
2,3,7,8-TCDF 0.1 pg/g dw 1.09 0.109 1.44 0.144 1.4 0.14
1,2,3,7,8-PeCDF 0.03 pg/g dw 0.284 0.00852 JM 0.275 0.00825 J 0.247 0.00741 J
2,3,4,7,8-PeCDF 0.3 pg/g dw 0.355 0.1065 J 0.355 0.1065 J 0.3 0.09 J
1,2,3,4,7,8-HxCDF 0.1 pg/g dw 0.529 0.0529 J 0.699 0.0699 J 0.393 0.0393 J
1,2,3,6,7,8-HxCDF 0.1 pg/g dw 0.367 0.0367 JM 0.361 0.0361 J 0.347 0.0347 J
2,3,4,6,7,8-HxCDF 0.1 pg/g dw 0.452 0.0452 J 0.351 0.0351 J 0.402 0.0402 J
1,2,3,7,8,9-HxCDF 0.1 pg/g dw 0.296 0.0296 J 0.178 0.0178 JM 0.104 0.0104 JM
1,2,3,4,6,7,8-HpCDF 0.01 pg/g dw 6.36 0.0636 11.8 0.118 6.01 0.0601
1,2,3,4,7,8,9-HpCDF 0.01 pg/g dw 0.592 0.00592 J 0.964 0.00964 J 0.296 0.00296 JM
OCDF 0.0003 pg/g dw 19.5 0.00585 49.2 0.01476 15.9 0.00477

Total TEQ 2.14449 4.08775 1.89944

Qualif ier (Q)

     U - The target analyte w as not detected at the reported concentration. 

     J - Estimated concentration w hen the value is less than the laboratory's established reporting limits.

     JM - Estimated (Maximum Possible ) Concentration is less than the laboratory's established reporting limits

0' - 4' Interval

Dioxins

Furans

     UJY - Compound not detected at or above reported concentration but may be present below that limit because the analyte reporting limit is raised due to a 
                 positive chromatographic interference.
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Table 3-5.  Ordnance Residue 

Analyte Units V1/V6 Q1 V2/V5 Q1 V3/V4 Q1 D1 Q1 D2 Q1 D3 Q1

Total Solids % 80.7 69.7 70.9 69.7 62.6 81
Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
1,3,5-Trinitrobenzene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
1,3-Dinitrobenzene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
3,5-Dinitroaniline mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
Methyl-2,4,6-trinitrophenylnitramine (Tetryl) mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
Nitrobenzene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
4-Amino-2,6-dinitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
2-Amino-4,6-dinitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
2,4,6-Trinitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
2,6-Dinitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
2,4-Dinitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
2-Nitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
3-Nitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
4-Nitrotoluene mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
Nitroglycerin mg/Kg dw 0.33 U 0.38 U 0.38 U 0.28 U 0.25 U 0.31 U
Pentaerythritol Tetranitrate mg/Kg dw 0.33 U 0.38 U 0.38 U 0.4 U 0.4 U 0.4 U

1) Qualif ier (Q)

     U - The target analyte w as not detected at the reported concentration

0' - 12' intervals  (March 7, 2012) 0' - 4' intervals (April 25, 2012)
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were found in the middle of the 4 to 8 foot sections of V5 and V6 and one 
was found at the bottom of the 8 to 12 foot section of the V4 core.  These 
areas of cobbles or rocks appear to be an aggregate of asphalt and small 
gravel.  Parts of the pier deck were paved and it is likely that chunks of 
asphalt and gravel broke apart and settled into the sediments as the deck 
deteriorated with age.   

3.3 Summary of Data Quality Assurance Review 

3.3.1 Volatiles  
Percent recoveries for the surrogates were not within control limits following 
initial analysis for one sample.  The sample was re-analyzed within the hold 
time and the re-analysis proceeded without incident of note.  The results of 
the re-analysis have been reported.  

The laboratory control sample duplicate percent recovery for 1,2,4-
trichlorobenzene was not within control limits.  Because this compound was 
not detected in the equipment rinsate sample (M_Cores_RB), the high bias 
does not compromise any reporting limit.  No corrective actions were taken. 

3.3.2 Semi-Volatile Compounds  

3.3.2.1 Semi-Volatile Compound Analyses 

These analyses proceeded without incident of note. 

The percent difference for the surrogate, 2,4,6-tribromophenol, was high for 
the CCAL that bracketed the analysis of this sample.  Because no target 
compounds were detected in sample M_Cores_RB (equipment rinsate), the 
high bias does not compromise any reporting limit.  No corrective actions 
were taken. 

3.3.2.2 SIM Semi-Volatile Analyses 

These analyses proceeded without incident of note. 

The phenanthrene, 2-methylnaphthalene, 4-methylphenol, and 2,4-
dimethylphenol duplicates had high relative percent differences (RPDs) 
attributed to sample non-homogeneity. 

3.3.3 Pesticides  
One sample was pre-diluted prior to initial analysis due to the dark color of 
the extract.  Based on the chromatography, the sample was not analyzed at a 
lower dilution factor. 
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3.3.4 Polychlorinated Biphenyls  
These analyses proceeded without incident of note. 

3.3.5 Metals  
A matrix spike was prepared and analyzed in conjunction with sample 
V1/V6_4-8.  The matrix spike percent recovery for antimony was low.  
Because the percent recovery for all elements were within acceptable quality 
control (QC) limits for the corresponding laboratory control sample (LCS) 
and SRM, it was concluded that the sample matrix was the cause of the low 
matrix spike recovery.  No corrective actions were taken. 

A matrix spike was prepared and analyzed in conjunction with sample  
D1_0-4.  The matrix spike percent recovery for antimony was low.  Because 
the percent recovery for all elements were within acceptable QC limits for 
the corresponding LCS and SRM, it was concluded that the sample matrix 
was the cause of the low matrix spike recovery.  No corrective actions were 
taken. 

A matrix duplicate was prepared and analyzed in conjunction with sample 
D1_0-4.  The RPD for chromium was high following the analysis.  Because 
the percent recoveries for all elements were within acceptable QC limits for 
the corresponding LCS and SRM, it was concluded that a lack of sample 
homogeneity was the cause of the high RPD.  No corrective actions were 
taken. 

3.3.6 Butyltin 
These analyses proceeded without incident of note. 

3.3.7 Dioxins/Furans  
These analyses proceeded without incident of note. 

3.3.8 Conventionals  
A matrix triplicate was prepared and analyzed for total volatile solids in 
conjunction with sample V1/V6_4-8.  The relative standard deviation (or 
%RSD) was high following the analysis of the triplicate.  The high %RSD 
was attributed to lack of sample homogeneity.  No corrective actions were 
taken. 
A matrix spike was prepared and analyzed for acid volatile sulfide (AVS) in 
conjunction with sample V1/V6_4-8.  The matrix spike percent recovery for 
AVS was low; it was re-colored and re-analyzed and was found to be low for 
the re-analysis.  Because the percent recovery for AVS was within acceptable 
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QC limits for the corresponding LCS, it was concluded that the sample 
matrix was the cause of the low matrix spike recovery.  No further corrective 
actions were taken.  The results of the re-analysis have been reported. 
The AVS duplicate had a high RPD, which was attributed to sample non-
homogeneity. 

3.3.9 Ordnance  
The matrix spike recovery of nitroglycerin and pentaerythritol tetranitrate for 
sample V3/V4_0-12 was outside control criteria.  Recovery in the LCS was 
acceptable, which indicated the analytical batch was in control.  The matrix 
spike outlier suggested a potential low bias in this matrix.  No further 
corrective action was taken. 
The matrix spike recovery of nitroglycerin and pentaerythritol tetranitrate for 
sample D3_0-4 was outside control criteria.  Recovery in the LCS was 
acceptable, which indicated the analytical batch was in control.  The matrix 
spike outlier suggested a potential low bias in this matrix.  No further 
corrective action was taken. 
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4 LESSONS LEARNED 
There were several lessons learned from the two vibracoring events that 
should inform the design of any subsequent sediment sampling intended for 
permitting and design. 

4.1 Station Positioning in Proximity to Large Piers 
and Other Structures 

There are two components to the positioning problems encountered during 
the second mobilization to collect diver vibracores:  elevation of the GPS 
antenna with respect to the pier and GPS satellite locations.   

Low tides on the day of sampling caused the pier to interfere with GPS signal 
reception from the ship-mounted GPS antenna, which was much lower than 
the deck of the pier for most of the day.  The tide dropped from 7.2 feet 
above MLLW to -0.7 feet below MLLW over the course of the day.   

The second component of the positioning problems encountered was the 
number and positions of satellites acquired during the second mobilization to 
collect diver vibracores.  Nobletec, Inc. (makers of the navigation software 
used with the Trimble DGPS system) commented that the number of 
satellites and their positions were very poor on the day the diver cores were 
collected, after they completed post-processing for the DGPS data necessary 
to provide a corrected Navigation Log for that day. 

As a result of the positioning problems encountered, the following 
procedures should be evaluated for subsequent sampling events adjacent to 
the Mukilteo Tank Farm Pier:   

 If practical, the “Station Positioning Methods” section of 
subsequent sampling plans should account for both tidal 
elevation and the expected number and positions of satellites. 

 A secondary DGPS unit and antenna (potentially hand-held) 
would allow the sampling team to collect positioning 
information from the pier deck, which would alleviate pier 
interference with the GPS signal. 

 The vessel provider must observe and record GPS Satellite 
and PDOP information prior to sample collection, which will 
enable the sampling team to evaluate whether GPS signal 
quality is sufficient. 
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 Potential corrective measures to consider when the GPS 
signal quality is low (PDOP is greater than 103) include: 
- Relocate the sampling vessel to the opposite side of the 

pier (if collecting under-pier samples). 
- Elevate the GPS antenna (a long section of PVC pipe, or 

equivalent) above the pier deck. 
- Use a supplemental GPS unit stationed on the pier deck 

to supplement positioning information provided by the 
sampling vessel GPS. 

- Prior to sample collection, tag the closest piling and note 
the vessel position on a figure of the pier so that the 
sample location can be re-occupied and recorded at a later 
time when signal strength is more reliable. 

 

4.2 Sampling at or Near Stations with 75 Percent or 
Lower Recovery 

Repeated vibracoring attempts at the V2 and V3 stations were unsuccessful 
due to plugging of the core nose with wood waste, debris, and/or cobble.  A 
barge-mounted drill rig may be one sampling method to reduce the risk of 
low recoveries, however this will increase sampling costs significantly.  
Instead, it may be advisable to budget for additional sampling days, which 
would allow for additional sampling attempts at each location.   

Another piece of vibracoring equipment that should be considered includes a 
stabilizer to insure that the core barrel does not lean over as it drives into the 
sediment.  However, subsequent sampling design should also recognize that 
a significant amount of large debris (broken pilings, slabs on concrete, etc.) is 
present around the pier.  Such debris could interfere with the larger footprint 
required by a stabilizer. 

4.2.1 Reducing Sample Non-Homogeneity 
Due to the substantial degree of sediment complexity around the Mukilteo 
Tank Farm Pier (debris, shell hash, cobbles, sands, silts, etc.), non-
homogenous samples should be expected.  Although subsequent sampling 
events should address the lack of sample homogeneity by implementing 
robust compositing procedures, high RPDs should be anticipated when 
compositing complex sediment mixtures. 

                                                
3 A PDOP greater than 10 represents a low confidence level. Positional measurements 

should be not be used for precise location of sampling stations or calculations.  They 
should only be used to provide a rough estimate of the current location. 
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Shell hash was a significant component of many samples and may be one 
source of the sample non-homogeneity described in section 3.2.  Although 
large fragments of wood, large pieces of gravel/pebbles, intact shells or shell 
halves, living organisms and vegetation (terrestrial debris/aquatic algae) are 
removed before sediments are homogenized, shell hash was included in 
sample composites.   

In general, shell hash layers contained a small mass of sediment relative to 
the mass of shell fragments.  These layers are composed of small shell 
fragments and dark, sediment-laden fluids.  The largest shell fragments are 
less than 1/2 inch in length and width, with the vast majority in the 1/4 inch 
or less category.  Given that shell fragments are so small, it would be 
impractical to remove individual pieces.   

Subsequent sediment sampling events should address how layers of shell 
hash will be processed and analyzed.  Depending upon the specific sampling 
objectives, it may be desirable to exclude shell hash layers from sample 
composites.  However, it is important to note that in some sections of the 
sediment cores collected, removal of the shell hash layer would leave little or 
no sample.  A final recommendation and/or decision to remove shell hash 
layers from samples can only be made once the specific design objectives for 
subsequent sampling are known. 

4.2.2 Data Quality Assurance Review Procedures for 
Dioxins/Furans in Future Project Work  

If future sampling will be completed under the DMMP framework, Puget 
Sound Sediment Reference Material must be used for evaluations of PCBs 
and dioxins/furans.  Additionally, the DMMP framework requires that Stage 
IV data validation be performed. 
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5 SUMMARY OF SAMPLING AND ANALYSIS 
RESULTS 

This section summarizes the results from chemical testing conducted on 
sediment samples collected around the pier perimeter on March 7, 2012 and 
within the piling field directly beneath the pier on April 25, 2012.  As stated 
previously, the goal for this sediment characterization effort is to support the 
environmental effects analysis for the EIS.  It is not intended to determine 
the suitability of project sediments for beneficial reuse or for disposal at one 
of the DMMP open-water dredged material disposal sites.  Additional 
sediment characterization efforts to support design and permitting are likely 
to be required. 

5.1 Comparison to DMMP Screening Criteria 
Comparison of chemical testing results for all analytes to DMMP screening 
criteria suggest that the sediments under and around the pier are generally 
clean, with the exceptions described below.  No chemicals exceeded DMMP 
maximum level (ML) screening criteria in any samples.  However, some 
chemical concentrations in samples collected around the pier exceeded 
DMMP screening level (SL) criteria.  None of the samples collected beneath 
the pier (all 0 – 4 foot samples) exceeded DMMP SL criteria for any 
chemicals. 

Table 5-1 lists the DMMP SL exceedances measured for both detected and 
non-detected (U) chemicals.  U-flagged results indicate that the analyte was 
not detected, therefore the detection limit is reported to indicated that the 
analyte could be present at this concentration.  

Surface sediment samples collected around the outside of the pier were also 
analyzed for dioxins/furans.  DMMP dredged material dioxin/furan 
suitability guidelines for non-dispersive sites include the screening criteria 
described below. 

Dredged material management units with dioxin concentrations below 10 
parts per trillion (ppt) toxic equivalents (TEQs) will be allowed for open-
water disposal as long as the volume-weighted average concentration of 
dioxins in material from the entire dredging project does not exceed the 
Disposal Site Management Objective of 4 ppt TEQ. 
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Table 5-1. DMMP SL Exceedances for Detected and Non-Detected Chemicals 

Core  
Section Sample SL Exceedance (Sample Concentration, DMMP SL) 

0’ – 4’ V1/V6 Total Chlordane1 (7.1 ug/kg, SL = 2.8 ug/kg) 
V2/V5 Total Chlordane1 (11 ug/kg, SL = 2.8 ug/kg) 

Dioxin (4.09 pptr TEQ) 
V3/V4 Total Chlordane1 (8.6 ug/kg, SL = 2.8 ug/kg) 

4’ – 8’ V3/V4 Total Chlordane1 (4.6 ug/kg, SL = 2.8 ug/kg) 
8’ – 12’ V4 Pyrene (4700 ug/kg, SL = 2,600 ug/kg) 

Total HPAHs2 (12,730 ug/kg, SL = 12,000 ug/kg) 
4’,4’-DDE (9.5 ug/kg U, SL = 9 ug/kg) 
Total Chlordane1 (19 ug/kg U, SL = 2.8 ug/kg) 
Dieldrin (9.5 ug/kg U, SL = 1.9 ug/kg) 
Heptachlor (4.7 ug/kg U, SL = 1.5 ug/kg) 

1 Total Chlordane is defined as the sum of cis-Chlordane, trans-Chlordane, cis-Nonachlor, trans-
Nonachlor, and oxy Chlordane. 

2 Total HPAHs are defined as the sum of Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Total 
Benzofluoranthenes, Benzo(a)pyrene, Indeno(1,2,3-cd)pyrene, Dibenz(a,h)anthracene, and 
Benzo(g,h,i)perylene. 

Dioxin concentration measured in surface sediments around the pier ranged 
from 4.09 ppt TEQ to 1.9 ppt TEQ; however, without a defined dredging 
prism it is inappropriate to provide a volume-weighted average concentration 
for project sediments. 

5.2 Comparison to Washington State Sediment 
Management Standards (WAC 173-204)  

Comparison of chemical testing results to Washington State Sediment 
Management Standards (SMS) showed that no tested sediments exceeded 
Cleanup Screening Levels (CSL), which are established in WAC 173-204-520 
as concentration at which minor adverse effects should be expected. 

Chemical analysis of the sediments sampled under and around the Pier in the 
0’ – 4’ surface interval and in the 4’ – 8’ subsurface interval are generally 
clean.  There were no reported chemical concentrations that exceeded 
Sediment Quality Standards (SQS), suggesting that exposure to these 
sediments will have no adverse effects on biological resources, and 
corresponds to no significant health risks to humans, as described in WAC 
173-204-300. 

However, some chemical concentrations in sediments in the deeper 8’ – 12’ 
subsurface interval exceeded SQS criteria.  The following SQS exceedances 
were measured for both detected and non-detected (U) chemicals: 
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Table 5-2. SQS Exceedances for Detected and Non-Detected Chemicals 

Core 
Section Sample SQS Exceedance (Sample Concentration, SQS) 

0’ – 4’ na No chemicals exceeded SQS. 

4’ – 8’ na No chemicals exceeded SQS. 

8’ – 12’ V1 1,2,4-Trichlorobenzene (1.3 mg/kg oc U, SQS = 0.81 mg/kg oc) 

V5 Acenaphthene (17.3 mg/kg oc U, SQS = 16 mg/kg oc) 
1,2,4-Trichlorobenzene (4.23 mg/kg oc U, SQS = 0.81 mg/kg oc) 
Hexachlorobenzene (0.45 mg/kg oc U, SQS = 0.38 mg/kg oc) 
Dibenzofuran (17.3 mg/kg oc U, SQS = 15 mg/kg oc) 
N-Nitrosodiphenylamine (17.3 mg/kg oc U, SQS = 11 mg/kg oc) 

V4 Indeno(1,2,3-cd)pyrene (39.6 mg/kg oc, SQS = 34 mg/kg oc) 
Dibenz(a,h)anthracene (13.4 mg/kg oc, SQS = 12 mg/kg oc) 
Benzo(g,h,i)perylene (42.5 mg/kg oc, SQS = 31 mg/kg oc) 

5.3 Evaluation of Ordnance Data 
An independent technical evaluation of likely munitions and explosives of 
concern (MEC) contamination for the Mukilteo Multimodal Project was 
completed, based on laboratory analysis of nitroaromatics and nitramines 
concentrations measured in six samples (three composite samples collected 
along the pier perimeter, and three samples collected by divers from directly 
beneath the pier).   

Ordnance samples were composited from sediments collected from the full 
core length of matched cores, as described above in Section 2.3.1.  The 
purpose for analyzing full core length composite samples was to determine 
the presence or absence of ordnance residue. 

All samples resulted in non-detect for munitions-related analytes (Table 3-5).  
Detection limits were sufficient for the purpose of determining whether 
potential MEC contamination warranted further investigation.  Lack of 
detectable munitions-related analytes indicates that the potential for 
personnel associated with the Mukilteo Multimodal Project and/or civilians 
to encounter munitions items at this project site is unlikely during standard 
construction activities or customary uses of the site. 

The technical memorandum that details these findings is provided in 
Appendix C.  This analysis was conducted by the MEC Division of 
Engineering/Remediation Resource Group, Inc. (ERRG). 
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Engineering/Remediation 
Resource Group, Inc.                         P: 623.266.9532 
9950 W Ban Buren, Suite 136              F: 623.266.9532 
Avondale, AZ 85323                              www.errg.com 

May 30, 2012 Ref.: 2012-022 

Daryl Wendle 
Parametrix 
411 108th Avenue NE, Suite 1800 
Bellevue, WA 98004 

Mukilteo Multimodal Project  
Soil Sediment Analysis Review 

Dear Mr. Wendle: 

This technical memorandum provides a technical review of likely munitions and 
explosives of concern (MEC) contamination for the Mukilteo project, based upon data 
analysis of samples returned from the lab.  In total 6 samples were analyzed (3 composite 
samples collected along the pier perimeter, and 3 samples collected by divers from 
directly beneath the pier).  All samples resulted in non-detect for munitions-related 
analytes.  Lack of detectable munitions-related analytes indicates that the potential for 
personnel associated with the Mukilteo Multimodal Project and/or civilians to encounter 
munitions items at this project site during standard construction activities or customary 
uses of the site is unlikely.  Based upon these non-detect readings we do not recommend 
the need for subsequent sediment sampling events, that will be required for project 
design and permitting, to include testing for munitions-related chemical signatures. 

 
Sampling Locations 

• Three composite samples taken along perimeter of the pier. 
• Three samples collected by divers directly beneath the pier. 

 
Laboratory Analysis 

• Performed on March 8, 2012 for composite pier perimeter samples. 
• Performed on April 24, 2012 for diver collected samples. 

 
Constituents Tested 

1. Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX) 
2. Hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) 
3. 1,3,5-Trinitrobenzene 
4. 1,3-Dinitrobenzene 
5. 3,5-Dinitroaniline 
6. Methyl-2,4,6-trinitrophenylnitramine (Tetryl) 
7. Nitrobenzene 
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8. 4-Amino-2,6-dinitrotoluene 
9. 2-Amino-4,6-dinitrotoluene 
10. 2,4,6-Trinitrotoluene 
11. 2,6-Dinitrotoluene 
12. 2,4-Dinitrotoluene 
13. 2-Nitrotoluene 
14. 4-Nitrotoluene 
15. 3-Nitrotoluene 
16. Nitroglycerin 
17. Pentaerythritol Tetranitrate 

 
Conclusion 

Based on the site history and the non-detect analytical data, we conclude that munitions 
are not likely to be present in site sediments and the likelihood of encountering 
munitions-related hazards as a result of sediment disturbances such as dredging, pile 
removal and/or installation, and other in-water work associated with construction of the 
Mukilteo Multimodal Project at the location of the Tank Farm Pier is very low. 

 
Sincerely, 

 

David Williams 
Senior UXO Supervisor 
MEC Division Manager 

DOW/aac 

Enc: Summary Data Tables 




