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PHASE I REMEDIAL INVESTIGATION REPORT 
March Point (Whitmarsh) Landfill 

Skagit County, Washington 

1.0 INTRODUCTION 

On behalf of the participating March Point (Whitmarsh) Landfill Potentially Liable Parties 
(PLPs; at this time consisting of Shell Oil Company, Skagit County, Texaco, Inc., and the State 
of Washington, Department of Natural Resources) and in accordance with Agreed Order 
DE-08TCPHQ-5999 (the Agreed Order), AMEC Geomatrix, Inc. (AMEC), has prepared this 
Phase I Remedial Investigation Report (Report) for the former March Point (Whitmarsh) 
Landfill (the site), located on the east side of March Point at 9663 South March Point Road in 
Anacortes, Washington (Figure 1).  The site is listed on the Washington State Department of 
Ecology (Ecology) Hazardous Sites List as Facility Site ID 2662.  This Report presents the 
Phase I investigational approach, the nature and extent of contamination based on the Phase I 
investigation, and a current conceptual site model.  This Report was prepared for submittal to 
Ecology in accordance with Section VII.A of the Agreed Order.  The former March Point 
(Whitmarsh) Landfill is one of about eight or nine sites on Padilla Bay and nearby Fidalgo Bay 
that will be investigated and cleaned up as part of the Puget Sound Initiative (PSI). 

1.1 OBJECTIVES AND SCOPE

The goals of the Phase I remedial investigation (RI) were to: 

� Evaluate data gaps that remained from previous investigations; 

� Collect data required to complete the RI and define the nature and extent of soil, 
groundwater, surface water, and/or sediment contamination at the site; 

� Present data collected during the Phase I investigation and discuss findings; and 

� Update the preliminary conceptual model to include elements from the Phase I 
investigation. 

1.2 ORGANIZATION OF THE PHASE I REMEDIAL INVESTIGATION REPORT

This Report is divided into seven sections.  The content of each section is described briefly 
below.

� Section 1 – Describes the objectives of the RI and the organization of this Report. 
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• Section 2 – Provides background information about the site, including location, 
historical and current use, site ownership, regulatory and compliance history, and 
previous environmental investigations conducted at or near the site. 

• Section 3 – Describes the components of the Phase I investigation, including 
geophysical investigation, monitoring well installation, test pit investigation, 
groundwater/seep/surface water sampling, and sediment sampling. 

• Section 4 – Provides information regarding the development of site-specific 
preliminary screening levels (PSLs). 

• Section 5 – Presents and discusses the findings from the Phase I investigation, 
including a comparison of analytical data to PSLs. 

• Section 6 – Presents the current conceptual site model for the site and a summary 
of the proposed Phase II Scope of Work. 

• Section 7 – Provides a list of references for materials cited in this Report. 
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2.0 SITE DESCRIPTION 

This section presents a brief description of the property, site operational history, site regulatory 
and compliance history, and a brief summary of previous investigations and cleanup actions 
that have been conducted for the site. 

2.1 LOCATION AND ENVIRONMENTAL SETTING 
The former landfill is located north of South March Point Road at the base of a bluff in the 
tidelands area of Padilla Bay (Figure 1).  The former landfill is bounded by South March Point 
Road to the south, the Burlington Northern Santa Fe (BNSF) railroad and Padilla Bay to the 
north and northeast, and the Swinomish Indian Reservation to the east and southeast.  State 
Highway 20 runs about 800 feet southeast of the site beyond South March Point Road. 

The elevation of the former landfill generally ranges from 6 to 25 feet above mean lower low 
water (MLLW) (North American Vertical Datum of 1988 [NAVD88]).  It is relatively flat across 
the top with higher elevations on the north end.  The former landfill slopes down to tidelands 
on the northeast and east sides and to drainage channels along the north and south sides.  
The tidelands on the northeast and east sides consist of the inner lagoon and outer lagoon, 
with an estuarine stream running along the eastern boundary continuing out toward Padilla 
Bay (Figure 2). 

Padilla Bay is part of an ancient delta of the Skagit River that was abandoned by the river and 
currently has no substantial freshwater stream input.  Water depths in Padilla Bay are shallow, 
with the bottom generally at an elevation of less than 12 feet below MLLW.  Tidal fluctuation 
within Padilla Bay averages 8 feet and can vary from -3 feet to +12 feet MLLW. 

2.2 HISTORICAL AND CURRENT USE 
This section presents a brief history of landfill operation and ownership.  Figures depicting 
changes in parcel boundary and landfill extent through time are included in the Remedial 
Investigation/Feasibility Study (RI/FS) Work Plan (RI/FS Work Plan) (AMEC, 2008a). 

2.2.1 Ownership 
According to the Skagit County Assessor’s Office, the former landfill area currently includes 
five tax parcel numbers (P19676, P19684, P19707, P19713, and P19761).  A map showing 
parcel numbers and boundaries is provided in Figure 3.  Ownership of the five parcels is as 
follows. 

• The Snow Mountain Land Company, LLC, owns parcels P19713; 
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• Based on current information, it appears Parcel P19676 has split ownership.  Snow 
Mountain Land Company, LLC, owns land on this parcel above the 1890 high tide 
meander line.  The State of Washington owns the portion of the parcel below the 
meander line; 

• Charles and Margaret Ellen Moon own parcel P19684; 

• The State of Washington owns parcel P19707; and 

• Ralph Hillestead owns parcel P19761. 

2.2.2 Landfill History 
Prior to the 1950s, the property consisted of undeveloped tidelands lying between the main 
Mount Vernon-Anacortes highway and the Burlington Northern railroad. 

Landfilling began in the 1950s when the site was used by the public as a convenient, 
unregulated dump site.  In 1961, Skagit County applied for and received a lease from the state 
to operate the landfill.  The County operated the landfill as a “burn dump” and burned waste 
regularly until 1969 (Skagit County Health Department, 1990).  In 1969 or 1970, the County 
converted the facility to a “sanitary landfill.”  From 1969 through 1973, the Landfill was the 
primary solid waste disposal facility in Skagit County (Skagit County Health Department, 
1990).  Skagit County Public Works records of waste accepted from 1970 onward indicate that 
waste originated from the cities of Anacortes, Burlington, La Conner, Mount Vernon, and 
Sedro-Woolley; rural Skagit County; Whidbey Island; and the Shell and Texaco refineries, 
among many others (GeoEngineers, 2007). 

Historical documents from the early 1970s indicate that a dike was proposed to be built along 
the southeastern margin of the landfill apparently to better contain waste within the landfill.  
Aerial photographs from this same time period show a linear feature extending along the 
current southeastern margin of the landfill that resembles a dike.  These documents indicate 
that a dike may have been constructed along the current southeastern margin of the landfill. 

Limited records are available regarding the composition and quantity of any potentially 
hazardous substances dumped at the landfill.  According to the Skagit County Health 
Department (Ecology, 1986), powdered vanadium catalysts were dumped at the landfill.  Other 
industrial wastes, including drummed wastes, are also alleged to have been dumped at the 
landfill.  In 1973 Skagit County opened the Inman Landfill and closed the Whitmarsh facility.  
Closure appears to have consisted of grading the waste and covering it with 2 to 3 feet of soil. 
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2.2.3 Current Property Use and Site Operations 
The northern two-thirds of the former landfill is now occupied by a cedar log mill, which has 
operated in this location since the late 1980s.  The mill area contains buildings, equipment, 
and stored logs.  The southern third of the former landfill is unoccupied and covered with light 
forest and grass. 

2.3 REGULATORY AND COMPLIANCE HISTORY 
As stated above, the landfill was operated by Skagit County from 1961 until 1973.  It appears 
that the landfill was closed by covering the waste with soil.  In 2003, the Skagit County Health 
Department published the Site Hazard Assessment (SHA) for the former landfill as required 
under the Washington Model Toxics Control Act (MTCA), and ranked the site on the state’s 
hazard ranking.  On this scale, a ranking of 1 represents the highest relative risk and a ranking 
of 5 represents the lowest relative risk.  The County estimated that the site’s hazard ranking, 
an indication of the potential threat to human health and/or the environment, was a 2.  In the 
SHA, surface water environmental toxicity was evaluated based on bioassay data rather than 
toxicity data, due to a single sample with a toxicity of 100 percent collected from a location 
adjacent to the BNSF railway.  The SHA noted that this sample may have been impacted by 
spills from the railway.  The SHA also stated that no groundwater contamination was 
documented on the upland side of the landfill and that groundwater was likely to move into the 
bay by seeps or tidal movement.  The assessment concluded that groundwater contamination 
was unlikely to travel to any mainland well locations. 

2.4 PREVIOUS ENVIRONMENTAL CHARACTERIZATION/SAMPLING INVESTIGATIONS 
Previous investigations have included testing surface water and seeps, sometimes as part of 
studies that included sampling of sediments and/or biota.  No soil or groundwater sampling 
had been conducted at the site prior to the Phase I RI.  The approximate locations of samples 
collected during previous investigations are presented in Figure 2.  Results from seep and 
surface water analyses conducted during those investigations are summarized in the RI/FS 
Work Plan (AMEC, 2008a).  Summary pages from selected historical reports are presented in 
Appendix A. 

2.4.1 Preliminary Assessment (Ecology, 1985) 
The landfill was identified as a medium priority site based on a Preliminary Assessment (PA) 
conducted by Ecology and the U.S. Environmental Protection Agency (EPA) in November 
1984.  Several potential hazards, both to human health and the environment, were identified.  
These potential hazards included potentially contaminated groundwater, tidal incursions into 
the landfill, and groundwater seeps surfacing on the eastern landfill boundary. 
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The PA recommended sampling and analysis of seeps for priority pollutants and, if necessary, 
installation and sampling of groundwater monitoring wells.  Further recommendations included 
collection of historical data regarding industrial activities and waste disposal practices for 
industries operating in the vicinity of March Point.  It is unclear if such information was ever 
collected (GeoEngineers, 2007). 

2.4.2 Site Inspection (Ecology, 1986) 
Following the PA, Ecology conducted a site inspection (SI) at the landfill in December 1985.  
Three water samples and one seep sample were collected, consisting of: 

• Background water sample from a borrow pit located 40 feet southwest of the landfill 
(NCT091); 

• Estuarial stream sample on the southeast edge of the landfill (NCT092) – The 
sample map indicates the sample was obtained on the southeast side of the outer 
lagoon; 

• Marine surface water sample collected at high tide on the northeast side of the 
landfill (NCT094) in the inner lagoon; 

• Seep sample collected from water displaying iron staining that was seeping through 
the dike within the inner lagoon on the northeast side of the landfill (NCT095). 

As reported by GeoEngineers (2007), the samples were analyzed for dissolved metals, volatile 
organic compounds (VOCs), and phenolics.  Based on the analytical results Ecology 
concluded that: 

The sampling data do not show a significant problem at this landfill to warrant further 
sampling or remedial actions.  There is no conclusive indication that hazardous 
materials are leaching from this landfill into Padilla Bay or its surrounding estuarial 
area.  It is recommended that no further hazardous waste sampling or remedial actions 
be required at this site.  (Ecology, 1986) 

2.4.3 Analysis of Groundwater Seeps from Whitmarsh Landfill (1988) 
GeoEngineers (2007) reported that in June 1988 Ecology obtained and analyzed a grab 
sample of groundwater seeping from the northeast corner of the landfill (Ecology, 1989, cited 
in GeoEngineers, 2007).  The sample was analyzed for priority pollutant metals.  Ecology 
(1989) concluded that the results were “an indication of heavy metals problem at the 
Whitmarsh Landfill which will require further study.”  Cadmium, copper, lead, nickel, and zinc 
were determined to exceed marine water quality criteria. 
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2.4.4 Skagit County Health Department Sampling (Skagit County, 1996) 
Due to the Swinomish Indian Tribal Community’s concern regarding potential contaminant 
releases from the landfill into Padilla Bay, Skagit County collected two groundwater seep 
samples at the landfill in October 1996.  The Skagit County report (1996) reads “sample 
locations were selected based largely on discolored surface water emanating from the 
concrete rip-rap wall at points where it discharged to the adjacent mudflats.  Two such 
discharge points were identified.” 

The samples were obtained from the northeast corner of the landfill within the inner lagoon 
and were analyzed for priority pollutants.  The County concluded, “Based on the sample 
results from our investigation and Ecology’s [1986] investigation, we agree with Ecology’s 
findings and conclude that further investigation using county resources is not warranted at this 
time.” 

2.4.5 Ecology Investigation of Chemical Contamination at Whitmarsh Landfill and 
Padilla Bay Lagoon (Ecology, 1999) 

Ecology collected two groundwater seep samples near the northeast corner of the landfill in 
June 1998.  The sample locations appear similar to those sampled by Skagit County in 
October 1996 (Figure 2).  The samples were collected to identify contaminants of potential 
concern to human health and the environment and to determine if additional sampling in 
Padilla Bay Lagoon would be necessary.  The samples were collected from the two most 
prominent seeps from the landfill, and they were analyzed for metals, trace elements, cyanide, 
petroleum hydrocarbons, VOCs, polycyclic aromatic hydrocarbons (PAHs), phenols, 
chlorinated benzenes, phthalate esters, semivolatile organic compounds (SVOCs), 
polychlorinated biphenyls (PCBs), organotin compounds, pesticides, and herbicides. 

Based on the sample results, Ecology concluded:  

The concentrations in seepage were generally low, in most cases, beneath thresholds 
of toxicity.  Iron and the higher concentrations of the insecticide carbaryl (Sevin) were 
potentially toxic until further diluted.  PCB 1242 approached the chronic water quality 
criterion of 0.03 µg/L [micrograms per liter] for marine waters. 

Chemicals analyzed but not detected in the seepage were priority pollutant metals, 
cyanide, organophosphorus pesticides, organochlorine pesticides, and herbicides.  
Previous investigations by Skagit County and others have also shown that metals, 
cyanide, and pesticides are not important contaminants in seepage.  (Ecology, 1999) 
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The report acknowledged that the analyses for this study included a wider range of 
compounds and lower detection limits than had been done previously (Ecology, 1999).  
However, some of the detection limits were still greater than the respective cleanup levels; 
therefore, the presence of these compounds was not precluded. 

The tables in the report summarized the analyses conducted and showed that total petroleum 
hydrocarbons (TPH) in the diesel range (TPH-D) was detected in seep samples at 
concentrations ranging from 470 µg/L to 850 µg/L.  While there were no detections of priority 
pollutant metals, among the trace elements, manganese was detected at concentrations 
ranging from 127 µg/L to 234 µg/L, exceeding the human health marine clean water criterion 
of 100 µg/L. 

Ecology (1999) also reported that the Swinomish Indian Tribal Community collected a water 
sample from the inner lagoon near the landfill in September 1997.  Ecology reported that “no 
organic compounds were detected and metals concentrations were low.” 

Ecology (1999) also noted, in reference to the June 1988 Ecology investigation, that 
“cadmium, copper, lead, nickel and zinc substantially exceeded marine water quality criteria, 
prompting a recommendation for further study.  This finding has not been confirmed by other 
sampling at Whitmarsh” (Ecology, 1989).  The cause of the higher metals concentrations, 
compared to other sampling events, was not addressed.  In our opinion, the cause was likely 
the presence of particulates in the samples analyzed by the laboratory.  Metals are naturally 
occurring constituents in soil and sediment.  If particulates containing metals are present in the 
analytical sample, then they will be extracted during sample preparation, and the sample 
results will be artificially high. 

2.5 PREVIOUS NEARBY ENVIRONMENTAL INVESTIGATIONS 
This section presents information with regards to previous environmental investigations near 
the site and is presented as a general overview of other environmental investigations in the 
vicinity of the site.  The location and specific information regarding each individual 
investigation is presented in more detail below.  

2.5.1 Burlington Northern Whitmarsh Rail Siding (2004) 
The Whitmarsh Rail Siding facility is located approximately 850 feet northwest of the landfill, 
along the Padilla Bay shoreline north of South March Point Road.  Operations at the siding 
facility over the last 70 years have included loading hazardous materials for shipment to 
appropriate facilities for treatment, disposal, and/or storage.  The siding has been used by 
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various companies, including Northwest Petrochemical, Tecnal Corporation, General Chemical 
Corporation, and Allied Chemical (Herrera, 2004). 

A chemical spill and fire took place at the Burlington Northern Whitmarsh Rail Siding site on 
July 31, 1991.  Following the spill, approximately 23 55-gallon drums of contaminated soil 
were excavated and removed from the site.  No confirmation soil samples were collected 
during the removal, and the cleanup was limited to the area between the two sets of railroad 
tracks (Herrera, 2004).  Two samples from the drummed soil were analyzed for PAHs.  
Analytical data from the drum samples indicated high concentrations of several PAHs, 
phenols, cresols, phenyl mercaptans, and cresyl mercaptans. 

Ecology inspected the site in 1992 and found pieces of yellow material between several 
railroad ties (Ecology, 1992).  It remains unclear whether this material has been removed.  No 
samples have been collected in the spill area to confirm that soil concentrations are below 
MTCA cleanup levels (Herrera, 2004).  Most of the site, including the spill area, drains directly 
into Padilla Bay.  Based on information in the Herrera report, the site has been assigned a site 
status of “Awaiting Remedial Action” by the Ecology Toxics Cleanup Program (TCP) 
(Herrera, 2004). 

2.5.2 KAW Transport Spill 
A spill occurred at the intersection of Highway 20 and South March Point Road on 
September 7, 1989, when 2,500 pounds of hazardous waste solids were released.  A Form 2, 
Notification of Dangerous Waste Activities, was filed with Ecology on September 21, 1989.  
The Form 2 indicated that the spill included both D-listed (arsenic, lead, and chromium) and 
WP-listed (halogenated hydrocarbon) wastes.  Further, the Form 2 indicated the spill was 
completely cleaned up on September 8, 1989.  KAW Transport, the responsible party for the 
release, filed a subsequent Form 2 to cancel the site listing on October 24, 1989. 

There are no historical records of any confirmation sampling taken (soil or surface water) to 
ensure that all wastes were properly cleaned up.  The spill location is upgradient and to the 
southeast of the landfill. 
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3.0 PHASE I RI ACTIVITIES 

During the Phase I RI field work completed in October 2008 through July 2009, numerous field 
activities were conducted at the site, including a geologic reconnaissance, geophysical survey, 
monitoring well installation, a sediment investigation, four rounds of water sampling 
(groundwater, seeps, surface water), test pit excavation, and site surveying.  All field work was 
performed in accordance with the Uplands Sampling and Analysis Plan (SAP) that was 
included as an appendix to the Draft RI/FS Work Plan (AMEC, 2008a) and in accordance with 
the Sediment Investigation Work Plan (AMEC, 2008b) (Sediment Work Plan).  Sediment 
sample locations are presented on Figure 4, and uplands sample locations are presented on 
Figure 5. 

The Phase I RI field work scope and methodology are discussed in more detail in this section.  
Results of the Phase I RI activities are discussed in Section 5. 

3.1 GEOLOGIC RECONNAISSANCE 
On October 2 and 3, 2008, AMEC staff conducted geologic reconnaissance in the vicinity of 
the site to verify the geologic conditions presented in previous reports, as discussed in the 
RI/FS Work Plan (AMEC, 2008a).  The geologic reconnaissance included: 

• hiking and observing conditions in the wooded areas adjacent to the site where 
access was allowed; 

• observation and assessment from South March Point Road and from along the 
perimeter of the property lines; 

• observation and evaluation from a distance of the exposed hillside on the industrial 
property to the southwest of the site; 

• observations while walking along the shoreline at the north and northwest margin of 
the site; and  

• observation and assessment of the Highway 20 road cut south of the site.  

As discussed in Sections 3.1 and 3.2 in the RI/FS Work Plan (AMEC, 2008a), the local 
geology was generally found to be dominated by (1) sand and gravel deposits laid down 
during the retreat of the latest glaciation in the region and (2) more recent landslide deposits.  
Much of the site itself is likely underlain by dense silt and clay consistent with Padilla Bay 
tidelands. 

The exposed hillside southwest of the site appears to consist of alternating layers of glacial 
deposits, such as sands and gravel.  Four different units are visible from the road below the 
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current topsoil layer.  It appears that these layers are two thinner, predominantly gravel units, 
and two thicker, predominantly sand units.  The observations from the geological 
reconnaissance were incorporated into the conceptual site model discussed in Section 6.1. 

3.2 GEOPHYSICAL INVESTIGATION 
A geophysical investigation was conducted on September 11 through 14, 2008, to attempt to 
characterize the landfill material and to locate any subsurface magnetic anomalies 
(e.g., buried drums) within the landfill.  The investigation was conducted in accordance with 
Section 2.2 of the SAP. 

Prior to the geophysical survey, the southern part of the site was cleared of any brush by a 
local brush-clearing contractor utilizing a track-mounted brush cutter.  The brush-clearing 
contractor was unable to clear some areas with trees and very heavy blackberry brambles, 
and these areas were excluded from the geophysical survey.  Only the southern two-thirds of 
the site was investigated, as the operating lumber mill and abundant surface metallic litter from 
mill activities (e.g., buildings, crane, metallic pipes and cables, export containers) present in 
the northern one-third of the site precluded the interpretation of any geophysical data collected 
in that area for the presence of subsurface magnetic anomalies. 

The geophysical investigation included an electromagnetic (EM) survey utilizing the Geonics 
EM31 terrain conductivity meter and a magnetic (MAG) survey utilizing the Geometrics G858G 
magnetometer/gradiometer.  The EM survey instrument recorded both quadrature-phase 
(apparent conductivity) and in-phase data at 0.2-second intervals, corresponding to a distance 
of approximately 1 foot.  The MAG survey instrument was run in “continuous” sampling mode, 
recording the magnetic field at 0.2-second intervals (approximately 1 foot).  Two magnetic 
sensors spaced 0.5 meter apart, one above the other, were used to obtain the vertical 
magnetic gradient.  Both the MAG and EM surveys were conducted on 10-foot line spacing.  A 
10-foot line spacing is sufficient to detect drums, washers, water tanks, and other metallic 
objects of similar size. 

The geophysical site investigation report is presented in Appendix B. 

3.3 MONITORING WELL INSTALLATION AND DEVELOPMENT 
From October 7 to October 9, 2008, AMEC staff and Cascade Drilling installed three 
monitoring wells upgradient and cross-gradient from the site.  The monitoring wells were 
installed in accordance with Section 2.5 of the SAP (AMEC, 2008a).  The RI/FS Work Plan 
had proposed four monitoring wells to be installed, with three wells in the upper aquifer and 
one well in a lower aquifer.  However, only an upper aquifer was encountered during drilling to 
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a total depth of 70 feet below grade.  Monitoring well boring locations are presented on 
Figure 5. 

3.3.1 Methodology 
Well locations MW-01 through MW-04 were drilled from October 7 to October 9 at locations as 
shown on Figure 5.  MW-01 and MW-02 were drilled in adjacent locations, southwest and 
upgradient from the site.  MW-02 was drilled to a total depth of 20 feet below ground surface 
(bgs) and screened from 8 to 18 feet bgs.  MW-03 was drilled next to the entrance to the 
lumber mill to a total depth of 20.5 feet bgs and screened from 5 to 15 feet bgs.  MW-04 was 
drilled upgradient and southeast from the site along March Point Road to a total depth of 
38.5 feet bgs and screened from 15 to 25 feet bgs.  MW-02 and MW-04 were completed as 
flush-mount wells in the shoulder in the east-bound lane of March Point Road.  MW-03 was 
completed as an aboveground well with three protective bollards to protect the well from forklift 
operations in the area. 

Soil boring samples were collected from the borings at monitoring well locations MW-01, 
MW-03, and MW-04 during well installation.  A well was not installed at MW-01 (drilled to a 
total depth of 70 feet) because a second deeper aquifer was not encountered; however, soil 
samples were collected and submitted for analysis.  Samples were not submitted from MW-02 
as it was co-located with MW-01.  Samples were collected at depths of 11.5, 20.5, and 
37 feet bgs at MW-01.  One sample was collected at MW-03 at a depth of 11.5 feet bgs, and 
two samples were collected at MW-04 at depths of 8.5 and 19 feet bgs. 

AMEC staff returned to the site on October 13, 2008, to develop the wells, assisted by 
Cascade Drilling.  All wells were developed by submersible pumps as outlined in Section 2.5.3 
in the SAP.  The wells were continuously pumped until water quality parameters had stabilized 
and the pumped water had no visible turbidity.  Results of field water quality parameter 
measurements are presented in Table 1.  Copies of field notes are provided in Appendix C.  
Approximately 95 gallons of groundwater was removed from MW-02, 115 gallons from MW-03, 
and 165 gallons from MW-04.  Purge water was disposed of in accordance with applicable 
regulations. 

3.3.2 Analyses 
Monitoring well soil samples were submitted to Analytical Resources, Inc. (ARI) under chain-
of-custody procedures for analysis of metals, TPH as gasoline (TPH-G), VOCs, PCBs, and 
organochlorine pesticides.  Results are discussed in Section 5.3.1. 



 

AMEC Geomatrix, Inc. 
14 R:\14159 - Skagit Whitmarsh Landfill\021\Final Phase I RI_Sx.DOC 

3.4 SEDIMENT INVESTIGATIONS 
Sediment samples were collected by AMEC staff from August 26 to 28, 2008.  A total of 
13 samples were collected from the inner lagoon area adjacent to the site, and 3 samples 
were collected in the swale running south of the site.  The sediment sampling is discussed in 
more detail below.  

The objectives of the Phase I sediment investigation were to: 

• determine if sediments within and adjacent to the inner lagoon adjacent to the 
former landfill meet Washington State Sediment Management Standards (SMS; 
Washington Administrative Code [WAC] 173-204) biological criteria; and 

• determine if sediments in the drainage swale south of the former landfill have 
concentrations of constituents of concern (COCs) above the SMS cleanup criteria. 

The data from the sediment portion of the Phase I remedial investigation was used to 
determine if sediments adjacent to the former landfill within the inner lagoon or in the drainage 
swale at the site pose an adverse risk to human health and the environment. 

3.4.1 Methodology 
Sediment sampling and analysis were performed as proposed in the Sediment Work Plan 
(AMEC, 2008b), submitted to and approved by Ecology, with the differences noted below. 

• Section 3.4 of the Sediment Work Plan, Sample Compositing, indicates that 
sediments for pore water extraction for the Microtox® bioassay were to be placed 
directly from the sampler into the 16-ounce glass sample jar to minimize 
disturbance and possible volatilization of potential contaminants.  Sediments from 
the first three stations sampled (MP-2, MP-3, and MP-4) were inadvertently 
homogenized by hand before the sediments for the Microtox bioassay were 
collected.  Homogenization prior to extraction of the pore water could result in 
minor volatilization of potential contaminants but is unlikely to substantially affect 
the results of the Microtox biossay.  Remaining sediment samples were placed 
directly into the sample jar, as specified in the Sediment Work Plan. 

• Sampling location MP-3 was located in the middle of an approximately 30-foot-wide 
drainage channel.  Soft sediments within the channel would have made collection 
of the cores very difficult.  The station was relocated to an area with similarly soft 
sediments, but which was accessible from a vegetated area that provided firmer 
support.  The relocated station was moved approximately 16.5 feet from the original 
proposed station. 

The location of the hand cores (top 10 centimeters [cm]) collected during this investigation are 
shown on Figure 4.  Sample locations were determined using a differential global positioning 
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system (DGPS), with coordinates in the Washington State Plane Coordinate System (SPCS), 
North Zone, referenced to the North American Datum of 1983 (NAD83). 

Samples were collected from the inner lagoon using the procedures specified in the Sediment 
Work Plan.  Sampling was conducted during low tides when the sediment surface was 
exposed.  Sampling was conducted in the drainage channels away from areas with vegetation 
and extensive root mats.  Sample locations were adjusted as necessary to allow personnel 
access and limit disturbance to the softer sediments in the drainage channels.  All of the inner 
lagoon sample locations were within 10 feet of the proposed location, except for sample 
location MP-3, as noted above. 

Hand core samples were also collected from the drainage swale on the south side of the 
landfill.  Samples were collected in areas accessible from the road or the sawmill property.  
Samples were collected from open areas with limited vegetation that showed signs of 
waterlogged soils or that had standing water.  A syringe type pore water sampler was used to 
collect a sample of pore water for salinity measurements.  Salinity was measured using a 
temperature-compensated refractometer. 

Sample processing followed the approved Sediment Work Plan (AMEC, 2008b) and the health 
and safety requirements specified in the Site-Specific Health and Safety Plan (Appendix C to 
the RI/FS Work Plan; AMEC, 2008a), except for the minor differences noted above.  The 
exposed sediment surface at each sampling location was photo-documented prior to sampling.  
The hand cores were inserted into the sediment to a depth of 10 cm.  A stainless steel plate 
was inserted across the bottom of the sampler, and the sampler, was removed from the 
substrate.  Two hand cores were required at each lagoon sampling location to provide the 
necessary volume of sediment required for the analyses to be conducted.  A single hand core 
was collected at three locations in the swale. 

Sample processing was performed as follows. 

• At the field processing area the retention plate was removed from the hand core, 
and the sediment was extruded into a stainless steel bowl. 

• The sample was logged and described in the field log by an experienced field 
geologist. 

• Sediments were collected for Microtox pore water bioassay from one of the cores 
from stations in the inner lagoon (except as noted above). 
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• The remaining material was homogenized and bottled for conventional analyses 
and for amphipod and sediment larval bioassays. 

• Additional material was bottled and archived. 

Qualitative sample characteristic logs describing the sediment types are provided in 
Appendix D; and photographs of sediment sampling locations are shown in Appendix E.  
Sample IDs for each station are also provided in Appendix D. 

3.4.2 Analyses 
Samples for chemical analysis and bioassay testing were transferred to Columbia Analytical 
Services, ARI, NewFields, and Nautilus Environmental using chain-of-custody procedures.  
Samples for bioassay testing and conventional parameters were chilled with “Blue Ice” 
refrigeration packs and held in the dark until transferred to the respective laboratories.  
Archived sample material was frozen at -18 degrees Celsius (°C) and stored by the analytical 
laboratory.  Bioassay sediments were held at 4°C and stored in the dark at the bioassay 
laboratory until used. 

Samples for mercury analysis from the inner lagoon and the swale locations were frozen until 
digested and analyzed within the 28-day holding time.  Sediments for conventional analyses 
(grain size, total organic carbon, total volatile solids, total solids, and bulk ammonia) were 
refrigerated before being analyzed within the specified holding times. 

Archived sediments were analyzed for bulk sulfides at the request of Mr. Peter Adolphson, 
Ecology project manager for the sediment investigation.  The sediments analyzed for bulk 
sulfides exceeded the recommended holding times and were frozen prior to analysis.  The 
remaining samples from the inner lagoon were archived and are being held pending final 
results of the biological testing. 

The sediments from the swale samples were analyzed for the SMS list of COCs and total 
organic carbon.  Samples for total organic carbon, mercury, and the remaining COCs were 
analyzed within the specified holding times. 

Bioassay testing was conducted within the recommended holding times.  Reference sediments 
were collected by NewFields personnel from Sequim Bay and Carr Inlet.  Reference 
sediments were matched to the test sediments on the basis of the percent fines (particle size 
less than 63 micrometers [µm]).  The amphipod bioassay was conducted using Ampelisca 
abdita after consultation with Ecology.  The sediment larval test was conducted using the sand 
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dollar Dendraster excentricus.  Test sediments were exposed to full spectrum lighting.  The 
bioassay results were compared to the SMS criteria as discussed in Section 5.2. 

3.5 LANDFILL TEST PITTING INVESTIGATION 
AMEC staff and PSC (excavation subcontractor) mobilized to the site on October 29, 2008, to 
prepare for test pit excavation within the landfill footprint.  A total of 11 test pits (G1 through 
G11) were excavated from October 30 to November 2, 2008.  The test pit locations were 
selected based on anomalies found during the geophysical investigation and are presented on 
Figure 5.  Test pit logs are presented in Appendix F. 

3.5.1 Methodology 
Due to the unknown nature of the waste, a rigorous health and safety protocol was prepared 
and implemented during test pit excavation.  These health and safety protocols are discussed 
in more detail in the Site-Specific Health and Safety Plan (Appendix C of the RI/FS Work Plan 
[AMEC, 2008a]). 

Prior to excavation, an exclusion zone boundary was established, and the excavator was 
staged upwind from the proposed excavation location.  Site personnel, except the excavator 
operator who was using supplied air, were kept outside the exclusion zone boundary until the 
exclusion zone had been properly cleared for dangerous environments by the AMEC site 
health and safety officer.  Once the exclusion zone had been cleared, personnel entered the 
exclusion zone to characterize excavated soils, log the test pit excavation, collect samples, 
and take photographs.  Some of the health and safety monitoring equipment used are listed 
below. 

• Suma Canisters (monitoring VOCs):  Suma canisters were deployed inside the cab 
of the excavator to monitor air breathed by the operator and in the downwind 
exclusion zone boundary to assess potential migration of VOCs outside of the 
exclusion zone. 

• Mixed cellulose ester (MCE) filters (monitoring metal and asbestos):  The MCE 
filters were attached to standard industrial hygiene sampling pumps and deployed 
inside the cab of the excavator to monitor air breathed by the operator breathing 
and in the downwind exclusion zone boundary to assess potential migration of 
metals and asbestos as fugitive dust outside the exclusion zone. 

• Aerosol Monitor (monitoring fugitive dust):  The aerosol monitor was continually 
deployed at the downwind exclusion zone boundary to assess the potential 
migration of fugitive dust outside the exclusion zone. 
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• Radiation Meter (monitoring alpha, beta, and gamma radiation):  The radiation 
meter was used to screen excavated soil from each test pit location to assess the 
presence of radioactive materials and wastes. 

• Four-gas meter (monitoring for hydrogen sulfide, carbon monoxide, oxygen, and 
lower-explosive limit):  The four-gas meter, in conjunction with the photoionization 
meter, was used to clear the exclusion zone during excavation in order for AMEC 
personnel to be able to examine the excavated soils and to collect samples. 

• Photoionization detector (PID) (real-time monitoring for VOCs):  The PID was used 
with the four-gas meter as described above. 

A preliminary review of the health and safety monitoring data indicate that no site workers 
were exposed to hazardous environments during the test pit excavation investigation.  The 
monitoring information will be used going forward to ensure site worker safety if additional site 
earthwork is deemed necessary. 

Per the RI/FS Work Plan, the goal of the soil sampling portion of the test pit investigation was 
to collect 5 to 10 samples from the soil cap, fill, and native layers in areas identified as 
anomalies during the geophysical investigation of the southern portion of the landfill where 
refuse was not reportedly burned.  (The northern portion of the landfill will be investigated 
during the Phase II RI.)  Following the criteria described in the RI/FS Work Plan, a total of four 
samples were collected from the soil cap, eight samples were collected from the fill, and two 
samples were collected from the native soil layer from test pits G1, G3, G4, G5, G6, G10, and 
G11. 

Samples of the soil cover were collected from test pits G1, G3, G4, and G5 to provide spatial 
coverage.  All samples were collected from a depth of 1 foot bgs. 

Eight samples of soil fill material were collected from test pits G1, G3, G4, G5, G6, and G10.  
Samples were collected from G1, G3, G4, G6, and G10 at depths of 5.5 feet, 8 feet, 5 feet, 
6 feet, and 8 feet bgs, respectively.  Samples of the fill material were collected from depths of 
5 and 9 feet bgs from test pit GP-5.  Samples were collected from test pits G1, G3, G4, and 
G5 to provide spatial coverage of the southern landfill area.  Further, a soil sample was 
collected at test pit G6 due to odor observed during excavation, and a sample was collected at 
test pit G10 in soil in contact with unearthed, partially crushed drums.  A field duplicate sample 
was also collected from test pit G6 at 6 feet bgs. 

According to the RI/FS Work Plan, native soil samples were to be collected from test pits to 
provide spatial coverage of the southern portion of the landfill in areas where the native soils 
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were not saturated with groundwater or in which the presence of asbestos-containing material 
(ACM) in the fill did not cause the test pit to be abandoned.  Groundwater was encountered 
before reaching the native layer in test pits G2, G5, G6, G8, G9, and G10, and ACM was 
encountered in test pit G1.  Consequently, native soil samples were not encountered in these 
test pits and samples were not collected.  In addition, a concrete pad and large cobbles were 
encountered at a depth of 6 feet bgs in test pit G4, which precluded the collection of a native 
soil sample at this location. 

Native soil was encountered in test pits G3, G7, and G11.  In test pit G3, a sand layer was 
encountered at a depth of 9 feet bgs that extended to a depth of approximately 12 feet bgs.  
Native clay was encountered beneath the sand at a depth of 12 feet bgs and a sample of the 
native clay was collected.  Native clay was encountered at a depth of approximately 11 feet in 
test pit G11, where a sample was also collected.  In addition, native clay was also encountered 
at a depth of approximately 8 feet bgs in test pit G7; however, it was decided in the field not to 
collect a sample of native soil from this test pit due to its proximity to test pits G3 and G11.  
Consequently, samples of the native soil were collected only from test pits G3 and G11 at 
depths of 12 feet and 11 feet bgs, respectively. 

The samples were collected in accordance with methods outlined in Section 2.4.3 of the SAP.  
Samples were recorded on a chain-of-custody form and kept on ice until delivered to the 
analytical laboratory. 

After the proposed depth had been reached, or if groundwater entered the excavation and 
obscured visibility, all waste was backfilled into the excavation and the test pit was abandoned.  
Before leaving each location, the test pit location was staked with a survey marker for 
subsequent surveying. 

3.5.2 Analyses 
Samples were sent to ARI and analyzed for the following constituents:  metals, TPH, SVOCs, 
VOCs, PCBs, and organochlorine pesticides.  Results are discussed in Section 5.3.2. 

3.6 GROUNDWATER/SEEP INVESTIGATIONS 
Groundwater and seep water samples were collected at four approximately quarterly intervals 
during the Phase I field investigation in 2008 and 2009.  Results of field water quality 
parameter measurements are presented in Table 1.  Copies of field notes are provided in 
Appendix C.  The first two sampling events were intended to provide a baseline assessment of 
chemical concentrations in groundwater and seep water during both dry season and wet 
season regimes.  The third sampling event was intended to provide additional quarterly data to 
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assess site conditions during the transition from the wet season to the dry season.  The fourth 
sampling event was intended to collect additional dry season data. 

The first round of groundwater, seep, and surface water samples was collected from 
October 14 to 15, 2008, and the second round of samples was collected from December 17 
to 19, 2008.  The October samples were collected during dry conditions before the fall and 
winter rains, and the December samples were collected during the winter rainy period during 
wet conditions.  The third round of sampling was conducted on April 28 and 29, 2009.  The 
fourth round of sampling was conducted on July 23 and 24, 2009.  A total of three monitoring 
well locations (MW-02, MW-03, and MW-04) and three seep locations (SP-1, SP-2, and SP-3) 
were sampled during each of the four sampling events.  The seep sample locations were 
selected based on field observations on October 14, 2008, during a site walk with Skagit 
County.  All three seep locations are located along the western-most boundary of the site 
between the inner lagoon and the landfill.  No seeps were observed further south or to the east 
along the inner lagoon/landfill boundary.  Sample locations are shown on Figure 5. 

3.6.1 Methodology 
All three monitoring wells (MW-02, MW-03, and MW-04) were purged and analytical samples 
collected via low-flow sampling techniques utilizing a peristaltic pump and dedicated, 
polyethylene disposable tubing in accordance with methods outlined in Section 2.6 of the SAP.  
Water quality parameters were monitored using a properly calibrated Horiba U-22 water 
quality monitoring instrument, utilizing a flow-through cell, until water quality parameters had 
stabilized (per the SAP) indicating that formation water was being extracted from the well and 
a sample could be collected.  In addition, a field duplicate from MW-03 and an equipment 
blank were collected for quality control purposes during each of the sampling events. 

Samples were collected in precleaned, laboratory-supplied bottles and placed on ice 
immediately after collection.  The samples were labeled following procedures outlined in the 
project-specific Quality Assurance Project Plan (QAPP) (Appendix B to the RI/FS Work Plan 
[AMEC, 2008a] and recorded on chain-of-custody logs pending delivery to the analytical 
laboratory. 

Seep samples were collected in accordance with methods outlined in Section 2.7 of the SAP, 
unless noted differently below.  During the October sampling event, samples collected at 
SP-01 and SP-03 were collected by gently submerging a polyethylene tube into the seep.  
Water was collected using a peristaltic pump due to low flow volumes from the seep.  The 
sample collected at SP-02 was obtained by gently submerging precleaned, laboratory-supplied 
bottles into the seep water. 
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During the December sampling event, samples at SP-02 and SP-03 were collected by 
peristaltic pump due to low flow volumes from the seeps.  The sample at SP-01 was collected 
by gently submerging precleaned, laboratory-supplied bottles into the seep water.  During the 
April and July sampling events, all three seep samples were collected by peristaltic pump due 
to low flow volumes from the seeps. 

Prior to seep sampling, water quality parameters were recorded, and a qualitative description 
of turbidity was noted on the field sheets per the procedures in the SAP.  Samples were 
recorded on a chain-of-custody form and kept on ice until delivered to the analytical laboratory 
under standard chain-of-custody procedures. 

3.6.2 Analyses 
Samples were analyzed by ARI in Tukwila, Washington, in accordance with Table 1 in the 
SAP except for the analysis of diethyl ether, which was subcontracted to Columbia Analytical 
Services in Kelso, Washington.  Samples were analyzed for metals (total and dissolved), TPH, 
SVOCs, PAHs, VOCs, organochlorine (OC) pesticides, and PCBs.  These results are 
discussed in Sections 5.4.1 and 5.4.2. 

3.7 SURFACE WATER INVESTIGATIONS 
Surface water samples were collected concurrently with groundwater and seep samples 
during the four sampling events in 2008 and 2009.  Results of field water quality parameter 
measurements are presented in Table 1.  Copies of field notes are provided in Appendix C. 

A total of five surface water locations (SW-01, SW-03, SW-04, SW-05, and SW-06) were 
sampled during the October 2008 sampling event.  All of these locations were also sampled 
during the December 2008 and April and July 2009 events.  An additional surface water 
location, SW-07, was sampled during the December 2008 and April 2009 events.  The location 
for SW-01 was chosen because it represents stormwater upgradient of the landfill.  The 
locations for SW-02 through SW-04 were chosen because they represent storm water that 
collects on the southern boundary of the site.  The location for SW-05 was chosen because 
this area collects surface water flowing from the southeast toward the inner lagoon.  The 
location for SW-06 was chosen to represent surface water within the inner lagoon.  The 
location for SW-07 was chosen to represent surface water along the northern boundary of the 
landfill along the BNSF right-of-way.  No surface water was flowing at location SW-07 during 
the dry season sampling events in October 2008 and July 2009; consequently, samples were 
not collected at SW-07 during these sampling events.  Sample locations are shown on 
Figure 5. 
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3.7.1 Methodology 
All samples were collected by gently submerging precleaned, laboratory-supplied sample 
bottles into surface water at each sampling location, except for the sample collected at SW-07 
during the December and April sampling events.  Those samples were collected by peristaltic 
pump due to low flow conditions. 

After sampling during the October 2008 event, each surface water sampling location was 
staked using a survey marker for subsequent surveying.  Samples collected during the 
December 2008 and April and July 2009 sampling events were collected at previously staked 
locations (all stakes were still present).  The new location (SW-07) was not staked in 
December due to deep snow.  Instead, the distance of SW-07 from SP-01 along a specified 
bearing was measured so that the location could be located at a later time if additional 
sampling is warranted. 

3.7.2 Analyses 
Samples were analyzed in accordance with Table 1 in the SAP by ARI except for the analysis 
of diethyl ether, which was subcontracted to Columbia Analytical Services in Kelso, 
Washington.  All samples were analyzed for metals (total and dissolved), SVOCs, PAHs, 
VOCs, OC pesticides, and PCBs.  The results are discussed in Section 5.5. 
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4.0 IDENTIFICATION OF PRELIMINARY CONTAMINANTS OF POTENTIAL CONCERN 
AND PRELIMINARY SCREENING LEVELS 

This section describes preliminary contaminants of potential concern (COPCs) and preliminary 
screening levels for soil, groundwater, and surface water, as presented previously and 
discussed in the RI/FS Work Plan (AMEC, 2008a).  

4.1 MTCA CLEANUP LEVELS 
Cleanup levels under MTCA are categorized as Methods A, B, or C (WAC 173-340-700).  
Method A cleanup levels for soil, groundwater, and surface water media are intended to be 
used for routine site cleanups.  Cleanup levels under Method A are available for only about 25 
of the chemicals more commonly found in the environment.  Tables of the MTCA Method A 
cleanup levels are available for potable groundwater, soil for unrestricted land use (includes 
residential), and soil for industrial land use.  Method A cleanup levels for these media must be 
at least as stringent as concentrations established under applicable state and federal laws.  In 
addition, Method A soil cleanup levels must also be protective of terrestrial ecological 
receptors.  Method A groundwater cleanup levels must be protective of surface water 
beneficial uses (if the pathway for groundwater to surface water is complete).  Unlike for 
groundwater and soil, MTCA regulations do not provide a table of Method A cleanup levels for 
surface water.  Surface water Method A cleanup levels must be at least as stringent as 
concentrations established under applicable state and federal laws and other requirements 
(see WAC 173-340-730(2)). 

MTCA Method B may be used at any site and is the most common method for setting cleanup 
levels when sites are contaminated with substances not listed under Method A.  Cleanup 
levels under Method B are established using applicable state and federal laws and the risk 
assessment equations and other requirements specified in the MTCA Rule for each medium.  
In addition to accounting for human health impacts, Method B cleanup levels must account for 
any potential terrestrial or aquatic ecological impacts (unless it can be demonstrated that such 
impacts are not a concern at the site).  Ecology’s Cleanup Levels and Risk Calculations 
(CLARC) database contains hundreds of precalculated/established levels for hazardous 
substances in air, groundwater, surface water, and soil media (Ecology, 2008).  The Method B 
cleanup levels in the CLARC database are provided as a service to the public.  The CLARC 
database does not contain cleanup levels for all exposure pathways, such as soil 
concentrations protective of groundwater and/or surface water. 

In contrast to Method B, Method C cleanup levels are intended for industrial sites where 
exposure to potential contaminants is limited and controllable.  As under Method B, potential 
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terrestrial and aquatic ecological impacts must be considered in addition to human health 
impacts when establishing Method C cleanup levels. 

Potential terrestrial impacts are addressed by the completion of a Terrestrial Ecological 
Evaluation (TEE).  A review of the requirements in WAC 173-340-7491(1) indicates that the 
site will not qualify for an exclusion  from conducting a TEE.  Upland parcels that make up the 
site are currently zoned HM- Heavy Manufacturing based on City of Anacortes zoning and are 
considered “zoned for industrial use” under MTCA (WAC 173-340).  Under WAC 173-340-
7490(3)(b), industrial properties need to be evaluated for wildlife protection.  Therefore, a 
simplified or site-specific TEE is most appropriate for the site and will be conducted as part of 
the Phase II RI, and cleanup levels will be established for industrial and public access land 
uses on or adjacent to the site.  Simplified TEE evaluation procedures are described in 
WAC 173-340-7492.  A simplified TEE is intended to identify sites that do not have a 
substantial potential for posing a threat of significant adverse effects to terrestrial ecological 
receptors and may be removed from further ecological consideration.  The simplified TEE 
procedures include (1) exposure analysis, (2) pathway analysis, and (3) contaminant analysis. 

Site-specific TEE procedures are described in WAC 173-340-7493.  The first step is problem 
formulation, which identifies (1) COPCs, (2) complete potential exposure pathways for plants 
or animals to COPCs, and (3) current or potential future terrestrial groups reasonably likely to 
live or feed at the site.  Ecological receptors for which complete pathways exist for exposure to 
COPCs are subsequently evaluated in a toxicological assessment.  A variety of approaches 
are allowed under MTCA cleanup regulations for completing this step to evaluate the potential 
for adverse effects to ecological receptors (WAC 173-340-7493 (3)).  The problem formulation 
and method selection steps will be completed as part of the Phase II RI in consultation with 
Ecology. 

4.2 CONTAMINANTS OF POTENTIAL CONCERN  
The preliminary COPCs for the uplands are listed in Table 2.  This table includes chemicals 
that have been found or are suspected to be present at the site based on historical analytical 
results for surface water and seep samples.  No soils or groundwater data are available, but 
the presence of elevated levels of toxic metals in water samples indicates the potential for a 
contaminant source in refuse, site soils, or both. 

Certain constituents in the historical analytical data set (such as TPH-G and total petroleum 
hydrocarbons in the heavy oil range [TPH-Oil], OC pesticides, asbestos, and vanadium) have 
not necessarily previously been detected in soil or seep samples at the uplands portion of the 
site, but are included as uplands COPCs because (a) they are typical of industrial and 
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municipal waste streams that may have been landfilled during this time period, or (b) they 
have been previously detected in some sediments near the landfill. 

4.3 PRELIMINARY SCREENING LEVELS 
PSLs were developed to provide a mechanism to evaluate analytical data results.  In order to 
encompass a full range of potentially applicable standards, PSLs have been developed using 
conservative assumptions that may or may not apply to the site.  The PSLs in this report are to 
be used for screening purposes only and are not intended to represent proposed or final 
cleanup levels.  Final cleanup levels will be determined during the feasibility study (FS) 
process that follows from this RI.  Cleanup standards will be developed in the FS in 
accordance with MTCA. 

4.3.1 Preliminary Screening Levels for Soil 
Either MTCA Method A or Method B cleanup levels for soil are available for many 
contaminants.  However, some contaminants have both Method A and Method B cleanup 
levels.  Method B cleanup levels are broken down further into levels for individual exposure 
pathways, such as a Method B cleanup level for protection of direct human contact versus a 
different Method B cleanup level for protection of groundwater as marine surface water.  The 
lowest of the MTCA Method A or Method B cleanup levels will be used for screening analytical 
results for soil in the RI, unless regional background levels or available analytical practical 
quantitation limits (PQLs) are higher. 

Concentrations of COPCs in soil protective of groundwater as marine surface water were 
estimated using the MTCA fixed-parameter three-phase partitioning model in accordance with 
WAC 174-340-747(4) (Table 3).  Because groundwater at the site is not a current or future 
source of drinking water, and because it likely migrates to marine surface water, 
concentrations of COPCs in marine surface water protective of human health and aquatic 
organisms developed in accordance with WAC 174-340-730 were used in the calculations in 
place of COPC levels in groundwater.  Accordingly, the three-phase model provides a 
conservative estimate of the concentration of a contaminant in soil that is protective of 
groundwater as marine surface water.  Estimated concentrations of COPCs in soil that are 
protective of groundwater as marine surface water are shown in Table 3. 

Soil cleanup levels for metals may be adjusted to no less than natural background 
concentrations, in accordance with WAC 173-340-740(5)(c).  With the exception of chromium, 
statewide background metals concentrations were obtained from a state background soil 
metals study conducted by Ecology (1994) for comparison with MTCA Method A and 
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Method B cleanup levels for the site.  According to the Ecology study, background total 
chromium levels in Northern Skagit and Whatcom Counties are elevated compared to the rest 
of the state.  Because elevated background levels of total chromium are expected, and 
because the site is located outside of the four main regional areas selected by Ecology for the 
calculation of soil background concentrations, a site-specific total chromium background 
concentration for the Anacortes area was calculated. 

Data for the calculation were obtained from the Ecology (1994) report for 10 sample locations 
closest to Anacortes.  Ecology’s MTCAStat program was used to calculate the 90th percentile 
concentration and four times the 50th percentile concentration for total chromium.  WAC 173-
340-709(3)(c) defines background concentration as the lower of the two values for lognormally 
distributed data sets.  The lower value (four times the 50th percentile concentration) was 
determined to be the appropriate background concentration for the Anacortes area.  The 
background total chromium concentration calculated using this method is117 milligrams per 
kilogram (mg/kg).  The PSL for chromium was adjusted upward to this value to reflect elevated 
chromium background concentrations present in the area.  MTCAStat output for background 
calculation was provided as Appendix D in the RI/FS Work Plan (AMEC, 2008a). 

TEE soil cleanup levels for industrial sites (WAC 173-340-900, Table 749-2) have also been 
used to develop the PSLs in Table 3. 

Candidates for soil PSLs based on values available in the CLARC database for all constituents 
detected during previous upland analyses are presented in Table 3. 

Soil reference levels were identified using the following sources: 

• MTCA Method A soil cleanup levels (unrestricted land use); 

• MTCA Method B soil cleanup levels (direct contact) (carcinogen and 
noncarcinogen); 

• MTCA Method B soil cleanup level for protection of groundwater as marine surface 
water; 

• MTCA Terrestrial Ecological Evaluation (TEE) soil cleanup level for industrial or 
commercial sites from WAC 173-340-900 (Table 479-2 of MTCA cleanup 
regulations); and 

• State background soil metals study conducted by Ecology (1994). 
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The target reporting limits (practical quantitation limits [PQLs]) shown in Table 3 are the lowest 
soil reference levels for each analyte, when available.  For analytes with no soil reference 
levels, standard laboratory reporting limits are included in Table 3. 

Where possible, the analytical methods shown in Table 3 were chosen to provide a method 
detection limit (MDL) lower by a factor of 5 to 10 than the target reporting limit (i.e., lowest 
concentration of interest). 

4.3.2 Preliminary Screening Levels for Groundwater 
Preliminary screening levels for groundwater are based on protection of marine surface water.  
Analytical results for groundwater presented in Section 5.4 were compared to marine surface 
water criteria, rather than MTCA Method A or Method B drinking water criteria because 
groundwater will not be used for drinking water, appears to be discharging to marine surface 
water, and the marine surface water criteria are more conservative for many COPCs. 

Although MTCA Method C (industrial) cleanup levels for groundwater exist, Ecology places 
severe restrictions on their use for industrial sites.  Given the proximity of the site to Padilla 
Bay, it is unlikely that Method C cleanup levels for groundwater would apply to this site. 

Candidates for groundwater PSLs based on values available in the CLARC database are 
presented in Table 4 for all constituents detected during previous upland analyses. 

Groundwater reference levels were identified using the following sources: 

• MTCA Method A and Method B (carcinogen and noncarcinogen) cleanup levels; 

• Aquatic marine chronic water quality criteria (WQC) published in WAC 173-201A; 

• Aquatic marine chronic and human health (fish ingestion) WQC published in 
Section 304 of the Clean Water Act; 

• Aquatic marine chronic and human health (fish ingestion) WQC published in the 
National Toxics Rule, 40 CFR 131; 

• MTCA Method B surface water cleanup levels (carcinogen and noncarcinogen). 

The target reporting limits (PQLs) in Table 4 are the lowest groundwater reference levels for 
each analyte, when available.  For analytes with no groundwater reference levels, standard 
laboratory reporting limits are included in Table 4. 
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Where possible, methods were chosen to provide an MDL lower by a factor of 5 to 10 than the 
target reporting limit (i.e., lowest concentration of interest). 

4.3.3 Preliminary Screening Levels for Surface Water 
Preliminary screening levels for surface water based on protection of marine surface water are 
shown in Table 4.  Although MTCA Method C (industrial) cleanup levels for surface water 
exist, Ecology places severe restrictions on their use for industrial sites.  Given the proximity of 
the site to Padilla Bay, it is unlikely that Method C cleanup levels for surface water would apply 
to this site. 

Candidates for surface water PSLs based on values available in the CLARC database are 
presented in Table 4 for all constituents detected during previous upland analyses. 

Surface water reference levels were identified using the following sources: 

• MTCA Method A and Method B (carcinogen and noncarcinogen) cleanup levels; 

• Aquatic marine chronic WQC published in WAC 173-201A; 

• Aquatic marine chronic and human health (fish ingestion) WQC published in 
Section 304 of the Clean Water Act; 

• Aquatic marine chronic and human health (fish ingestion) WQC published in the 
National Toxics Rule, 40 CFR 131; 

• MTCA Method B surface water cleanup levels (carcinogen and noncarcinogen). 

The target reporting limits (PQLs) in Table 4 are the lowest surface water reference levels for 
each analyte, when available.  For analytes with no surface water reference levels, standard 
laboratory reporting limits are included in Table 4. 

Where possible, methods were chosen to provide an MDL lower by a factor of 5 to 10 than the 
target reporting limit (i.e., the lowest concentration of interest). 
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5.0 NATURE AND EXTENT OF CONTAMINATION 

This section presents the data gathered during Phase I of the RI and discusses the nature and 
extent of detected levels of contamination.  The discussion below is organized by medium 
sampled or investigated, and then by class of COPCs. 

5.1 GEOPHYSICAL INVESTIGATION RESULTS 
Field data were post-processed as described in the Geophysical Investigation Report prepared 
by Northwest Geophysical Associates, Inc. (NGA) (NGA, 2008), and included as Appendix B.  
The geophysical survey data indicated 11 anomalies of interest (G1 through G11; Figure 2 in 
Appendix B).  Anomalies of interest G1 through G8 were selected from MAG data (primarily 
from analytical signal data) and represent targets that exhibited a magnetic signature across 
two or more transect lines.  Anomalies exhibiting signatures across two or more transect 
survey lines are more likely to be concentrations of metallic debris in the subsurface than are 
single source items.  Anomalies of interest G9 through G11 were selected from EM data 
(primarily from the in-phase data) and represent anomalies that exhibited EM signatures 
consistent with those of metallic conductive bodies. 

Metal debris potentially responsible for the anomalies encountered during the geophysical 
investigation was encountered at all test pit locations (Figure 6).  One partially crushed steel 
drum was unearthed at test pit location G9.  The drum contained fiberglass material and 
solidified resin.  No external markings or labels were present on this drum.  Five to six partially 
crushed steel drums were unearthed at test pit location G10.  One of those steel drums 
contained one plastic drum inside the outer steel drum.  Several markings were found on 
these drums, including “Amoco 543,” “Nalco,” and “UOP Polymerization Catalyst.”  
Representative photographs of the unearthed drums are included in Appendix E.  The other 
metal debris encountered included old appliances, auto parts, sinks, pressure vessels, and an 
armored air hose.  One clip of old ammunition was unearthed at G5.  Excavation at location 
G1 was terminated prior to reaching the proposed depth and prior to groundwater being 
encountered due to the presence of suspected asbestos-containing material.  This material 
was sent for asbestos analysis at NVL Labs in Seattle, Washington.  Analytical results 
confirmed that the material contained 23 percent crysotile, a common form of asbestos. 

5.2 SEDIMENT RESULTS 
Sediments within the inner lagoon were screened for toxicity using a suite of three bioassays: 
a 10-day amphipod bioassay using Ampelisca abdita (Table 5), a 48- to 96-hour sediment 
larval test using Dendraster excentricus (Table 6), and a saline pore water Microtox bioassay 
(Table 7).  A summary of the results is presented in Table 8.  The complete bioassay report is 
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provided in Appendix G.  None of the results of the amphipod or sediment larval tests 
exceeded the sediment quality standards (SQS) criteria.  Test results for seven locations 
within the Inner Lagoon exceeded the SQS for the Microtox pore water bioassay only (Table 8; 
Figure 7). 

Based on discussions with Ecology, there may have been factors other than SMS COC 
chemistry that contributed to the SQS exceedances for the Microtox bioassay.  Factors that 
may have contributed to the negative response of the organisms include (1) holding times, 
(2) total sulfides/dissolved sulfides, (3) ammonia, and (4) potential impact of sulfur.  
Consequently, the Microtox bioassay is currently being repeated at the seven locations that 
exceeded the SQS.  The standard 20-day Neanthes arenaceodentata growth and survival test 
is also being run to provide additional information.  A supplemental sampling and analysis plan 
has been submitted to and approved by Ecology that describes the testing procedures that will 
be used for the bioassay retesting. 

A single sediment sample was collected at each of three sample locations in the drainage 
swale on the south side of the landfill.  Pore water extracted from the sediments or from 
saturated soils along the swale showed a salinity gradient.  Salinity ranged from 17 parts per 
thousand (ppt) near the mouth of the swale, where it discharges into the inner lagoon (MPS-3), 
to 0 ppt at the upper station (MPS-1) (Table 8).  Chemistry results indicate that total organic 
carbon levels ranged from 11.8 to 16.6 percent.  The total organic carbon levels were above 
values for which carbon normalization is considered appropriate.  Consequently, the SMS list 
of COCs was compared to the SMS dry-weight equivalents (Table 9).  The SQS dry-weight 
equivalent is the Lowest Apparent Effects Threshold (LAET).  The Cleanup Screening Level 
dry-weight equivalent is the Second Lowest Apparent Effects Threshold (2LAET).  The 
comparison of results indicates that a single analyte (phenol at 1,900 parts per billion [ppb]) 
exceeded the 2LAET value (Figure 8).  No other analytes exceeded the SQS or the cleanup 
screening level dry-weight equivalents in the swale samples. 

5.3 SOIL SAMPLE RESULTS 
Soil samples were collected during the monitoring well installation and during the landfill test 
pit investigation.  The data from those samples are discussed in more detail below by analyte 
type.  Analytical results for analytes that exceeded PSLs in soil are shown on Figure 9. 

5.3.1 Monitoring Well Soil Sample Results 
Analytical data for monitoring well soil samples are presented in Table 10.  MW-01 and MW-04 
were determined to be hydraulically upgradient from the landfill and most likely represent soils 
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unaffected by the landfill.  MW-03 was advanced through and screened in fill materials and 
may be hydraulically connected to landfilled wastes.  Monitoring well boring logs are provided 
in Appendix F. 

5.3.1.1 Metals 
Metals were detected in all soil samples collected at all depth intervals for MW-01.  Copper, 
molybdenum, nickel, and strontium were detected in at least one sample at concentrations 
exceeding the PSL.  Copper was detected at concentrations ranging from 18.1 mg/kg to 
61 mg/kg.  Only the sample collected at 37 feet bgs, with a copper concentration of 61 mg/kg, 
exceeded the PSL and background concentration of 36 mg/kg.  Molybdenum was detected at 
concentrations ranging from 1 to 3 mg/kg, exceeding the PSL of 0.5 mg/kg.  Nickel was 
detected at concentrations ranging from 56 mg/kg to 99 mg/kg, exceeding the PSL of 
48 mg/kg.  Strontium was detected at concentrations ranging from 19.4 mg/kg to 72 mg/kg, 
exceeding the PSL of 0.1 mg/kg; no Washington State Background concentration has been 
established for strontium.  Other metals detected in the samples from MW-01 included 
aluminum, arsenic, barium, beryllium, chromium, iron, lead, manganese, mercury, titanium, 
vanadium, and zinc.  Concentrations of all of these additional metals were less than the PSLs. 

Metals were detected in both samples submitted for MW-04, with arsenic, copper, 
molybdenum, nickel, and strontium detected at concentrations greater than the PSL in at least 
one sample.  In the sample collected from 8.5 feet bgs, arsenic was detected at a 
concentration of 14 mg/kg, which is greater than the PSL and background concentration of 
7 mg/kg.  Copper was detected at a concentration of 44.6 mg/kg, which is greater than the 
PSL of 36 mg/kg.  Molybdenum was detected at a concentration of 2.7 mg/kg, which is greater 
than the PSL of 0.5 mg/kg.  Nickel was detected at a concentration of 83 mg/kg, which is 
greater than the PSL and background concentrations of 48 mg/kg.  Strontium was detected at 
a concentration of 35.9 mg/kg, which is greater than the PSL 0.1 mg/kg.  The following metals 
were detected at concentrations that were less than the PSL: aluminum, barium, beryllium, 
cadmium, chromium, iron, lead, manganese, mercury, titanium, vanadium, and zinc. 

Thirteen of the 17 metals detected in the sample collected at 8.5 feet bgs from MW-04 were 
also detected in the sample collected at 19 feet bgs.  However, only molybdenum, nickel, and 
strontium were detected at concentrations greater than the PSL.  Molybdenum was detected 
at a concentration of 2.3 mg/kg (PSL of 0.5 mg/kg).  Nickel was detected at a concentration of 
60 mg/kg (PSL and background concentrations of 48 mg/kg).  Strontium was detected at a 
concentration of 33.2 mg/kg (PSL of 0.1 mg/kg). 
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In the sample submitted for MW-03, which was drilled through fill material, copper, 
molybdenum, nickel, strontium, and zinc were detected at concentrations exceeding the PSL.  
Copper was detected at a concentration of 373 mg/kg (compared to a PSL of 36), 
molybdenum was detected at a concentration of 4 mg/kg (PSL of 0.5 mg/kg), nickel was 
detected at a concentration of 80 mg/kg (PSL of 48 mg/kg), strontium was detected at a 
concentration of 29.3 mg/kg (PSL of 0.1 mg/kg), and zinc was detected at a concentration of 
282 mg/kg (PSL of 100.8 mg/kg).  These concentrations also exceeded Washington State 
background concentrations for those metals with established background concentrations.  
Metals that were detected at concentrations below the PSL include aluminum detected at a 
concentration of 11,500 mg/kg (less than the PSL of 32,600 mg/kg), arsenic at an estimated 
concentration of 6.8 mg/kg (less than the PSL of 7 mg/kg), barium at a concentration of 
117 mg/kg (less than the PSL of 1,320 mg/kg), cadmium at a concentration of 0.8 mg/kg (less 
than the PSL of 1.214 mg/kg), chromium at a concentration of 55 mg/kg (less than the PSL of 
135 mg/kg), iron at a concentration of 39,900 mg/kg (less than the PSL of 58,700 mg/kg), lead 
at a concentration of 171 mg/kg (less than the PSL of 220 mg/kg), manganese at a 
concentration of 400 mg/kg (less than the PSL of 1,200 mg/kg), and vanadium at a 
concentration of 45.1 mg/kg (less than the PSL of 560 mg/kg). 

5.3.1.2 TPH 
TPH-G was not detected in any soil sample submitted for sample locations MW-01, MW-03, 
and MW-04. 

5.3.1.3 VOCs 
Several VOCs were detected at all depths in the soil samples submitted for MW-01, MW-03, 
and MW-04; however, no concentrations of VOCs exceeded the associated PSLs.  Most 
notably, acetone (a common laboratory contaminant) was detected in every sample at 
concentrations ranging from 11 micrograms per kilogram (µg/kg) to an estimated concentration 
of 95 µg/kg.  These detections are lower than the PSL of 8,000,000 µg/kg.  Further, carbon 
disulfide was detected in MW-01 and MW-03; methylene chloride in MW-01, MW-03, and 
MW-04; and 2-butanone in MW-04.  All those detections were below the individual PSLs. 

5.3.1.4 Pesticides and PCBs 
Pesticides were not detected in any of the soil samples collected from the monitoring well 
borings.  Two PCBs, Aroclor 1248 and Aroclor 1254, were detected in the sample from a 
depth of 11.5 feet in MW-03 only.  Aroclor 1248 was detected at a concentration of 28 µg/kg.  
No PSL has been established for Aroclor 1248.  Aroclor 1254 was detected at a concentration 
of 27 µg/kg, which is greater than the PSL of 4 µg/kg.  Total PCBs were calculated using one-
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half the reporting limit for non-detected values.  The resulting concentration of 66.7 µg/kg is 
greater than the PSL of 28 µg/kg.  No PCBs were detected in the soil samples from borings 
MW-2 or MW-4. 

5.3.1.5 Summary 
In summary, all monitoring well soil samples had several total and dissolved metals 
concentrations above the PSL.  In addition, one sample (at MW-03) exceeded the PSL for 
Aroclor 1254 and total PCBs.  Additional PCBs congeners (at MW-03 only) and some VOCs 
were detected in the other monitoring well soil samples, but none was found exceeding the 
PSL.  No TPH, VOC, or SVOC was detected in any of the borings above its respective PSL. 

5.3.2 Test Pit Soil Sample Results 
Analytical results for test pit soil samples are discussed in this section and presented in 
Table 10.  Test pit soil samples were collected from soil horizons in the test pits dug in the 
landfill to characterize metallic objects.  In general, the samples were collected from soil 
adjacent to metallic objects or where there were other indications (staining, etc.) that soil may 
have been impacted by wastes per the RI/FS Work Plan.  During the test pit investigation, an 
archaeologist was present to screen soils for historical artifacts in or below the refuse.  The 
archaeological summary is provided in Appendix H. 

5.3.2.1 Metals 
Arsenic was detected at concentrations greater than the PSL and background concentrations 
of 7 mg/kg in 2 of 14 test pit soil samples.  The concentration in the sample from 12 feet bgs 
from G3 was 8.8 mg/kg, and the concentration in the sample from 11 feet bgs from G11 was 
13 mg/kg.  Concentrations of arsenic in the remaining samples ranged from 2.3 mg/kg to 
5.1 mg/kg. 

Cadmium was detected at concentrations greater than the PSL of 1.214 mg/kg and the 
background concentration of 1 mg/kg in 2 of 14 samples.  The concentration in the sample 
from 5.5 feet bgs from G1 was 2.6 mg/kg, and the concentration in the sample from 5 feet bgs 
from G4 was 2.7 mg/kg.  Detected concentrations of cadmium in the remaining samples 
ranged from 0.3 to 0.7 mg/kg. 

Copper was detected at concentrations greater than the PSL of 36 mg/kg in five samples at 
concentrations ranging from 36.4 mg/kg in the sample from 9 feet bgs from G5 to 76 mg/kg in 
the samples from 5.5 feet bgs from G1 and 8 feet bgs from G3.  The remaining sample 
concentrations ranged from 21.6 mg/kg to 33.3 mg/kg. 
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Lead was detected in all samples, except those from locations G10 and G11.  Only one 
sample contained lead at a concentration greater than the PSL of 220 mg/kg: lead was 
detected in the sample from 5 feet bgs from G4 at a concentration of 238 mg/kg.  The 
remaining sample concentrations ranged from 2 mg/kg to 112 mg/kg. 

Mercury was detected in 7 of the 14 samples at concentrations ranging from 0.07 mg/kg in the 
sample from a depth of 5 feet bgs from G5 and the field duplicate from 6 feet bgs from G6, to 
6.9 mg/kg in the sample from 5.5 feet bgs from G1.  Five of these detections are greater than 
the PSL of 0.07 mg/kg, while the remaining two detections are equal to the PSL. 

Molybdenum was detected in all samples at concentrations greater than the PSL of 0.5 mg/kg, 
with results ranging from 1.6 to 6 mg/kg.  No background concentration has been established 
for molybdenum. 

Nickel was detected in all of the samples at concentrations ranging from 34 to 90 mg/kg.  
Concentrations in 12 of the 14 samples exceed the PSL and background concentrations of 
48 mg/kg.  The concentrations from samples from 12 feet bgs from G3 and from 11 feet bgs 
from G11 did not exceed the PSL. 

Strontium was detected in all samples at concentrations ranging from 26.7 mg/kg in the 
sample from 6 feet bgs from G6 to 64.1 mg/kg in the sample from 11 feet bgs from G11, all 
exceeding the PSL of 0.1 mg/kg.  No background concentration has been established for 
strontium. 

Zinc was detected in 8 of the 14 samples at concentrations greater than the PSL of 
100.8 mg/kg and the background concentration of 85 mg/kg.  Concentrations exceeding the 
PSL ranged from 174 mg/kg in the sample from 8 feet bgs from G3 to 381 mg/kg in the sample 
from 5.5 feet bgs from G1. 

Metals detected in the test pit samples that were below the associated PSL include aluminum, 
barium, beryllium, chromium, iron, manganese, titanium (no PSL has been established for 
titanium), and vanadium. 

5.3.2.2 TPH 
The test pit samples were analyzed for TPH as diesel (TPH-D), TPH-G, and TPH-Oil.  TPH-G 
was detected in the samples from 5 and 9 feet bgs from G5, at concentrations of 6.5 mg/kg 
and 310 mg/kg, respectively.  The concentrations in the sample from 9 feet bgs exceeds the 
PSL of 30 mg/kg.  TPH-D was detected at low levels in all of the samples except for the 
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samples from 1 feet bgs from G4 and G5 and the sample from G11.  Concentrations ranged 
from 6.1 mg/kg in the sample from 8 feet bgs from G10 to 280 mg/kg in the sample from 9 feet 
bgs from G5.  In addition, TPH-Oil was detected at low levels in all of the samples except for 
the samples from 1 feet bgs from G5 and the sample from G11.  Detected concentrations 
ranged from 16 mg/kg in the sample from 8 feet bgs from G10 to 670 mg/kg in the sample 
from 9 feet bgs from G5.  Detected concentrations of both TPH-D and TPH-Oil were less than 
the PSL of 2,000 mg/kg. 

5.3.2.3 SVOCs 
SVOCs detected in test pit samples were found primarily in the samples from G1 at 5.5 feet 
bgs and G5 at 9 feet bgs.  Bis(2-ethylhexyl) phthalate, naphthalene, and phenanthrene were 
also detected in samples from other test pits; however, the results were below the associated 
PSLs.  No other SVOCs were detected in samples collected from the test pits.  

Twelve SVOCs were detected in the sample collected at a depth of 5.5 feet bgs at G1, with 
three compounds detected at concentrations greater than the associated PSLs.  
Benzo(a)anthracene was detected at a concentration of 270 µg/kg (PSL of 129.7 µg/kg); 
benzo(a)pyrene was detected at a concentration of 240 µg/kg (PSL of 100 µg/kg); and 
chrysene was detected at a concentration of 320 µg/kg (PSL of 144.1 µg/kg). 

Fourteen SVOCs were detected in the sample collected at a depth of 9 feet bgs at G5, with 
four compounds detected at concentrations greater than the associated PSLs.  
Benzo(a)anthracene was detected at a concentration of 130 µg/kg (PSL of 129.7 µg/kg); 
benzo(a)pyrene was detected at a concentration of 120 µg/kg (PSL of 100 µg/kg); 
bis(2-ethylhexyl) phthalate was detected at a concentration of 6,000 µg/kg (PSL of 
4,849 µg/kg); and chrysene was detected at a concentration of 180 µg/kg (PSL of 
144.1 µg/kg). 

5.3.2.4 VOCs 
Several VOC compounds were detected at low levels in all 14 test pit samples, with most of 
the detections in the samples from 8 and 12 feet bgs from G3, 9 feet bgs from G5, and from 
G11.  None of the compounds detected exceeded the associated PSLs. 

5.3.2.5 Pesticides and PCBs 
Pesticides were detected in samples submitted from test pit locations G3, G4, G5, and G6.  
Delta-BHC was detected in the samples collected at 1 and 8 feet bgs from G3 and in the 
sample collected at 6 feet bgs from G6 at concentrations ranging from 2.8 µg/kg to 120 µg/kg.  
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These concentrations are greater than the PSL of 1.7 µg/kg.  Dieldrin was detected in the 
sample from 8 feet bgs from G3 and in the sample from 9 feet bgs from G5 at concentrations 
of 24 µg/kg and 210 µg/kg, respectively, which are greater than the PSL of 3.3 µg/kg.  Finally, 
methoxychlor was detected in the sample from 1 feet bgs from G4 at a concentration of 
71 µg/kg, which is greater than the PSL of 48.12 µg/kg.  The only other pesticide detected in 
the samples was aldrin in the sample from 9 feet bgs from G5 at a concentration of 390 µg/kg, 
which is greater than the PSL of 1.7 µg/kg.  No other pesticides were detected in test pit soil 
samples. 

PCBs were detected in samples collected from test pit locations G1 at 5.5 feet bgs, G3 at 
8 feet bgs, G4 at 5 feet bgs, G5 at 9 feet bgs, and G6 at 6 feet bgs.  Aroclor 1254 was 
detected at concentrations ranging from 22 µg/kg in the sample from 8 feet bgs at test pit G3 
to 240 µg/kg in the sample from 5 feet bgs at test pit G4, all greater than the PSL of 4 µg/kg.  
Aroclor 1260 was detected in three samples, at concentrations ranging from 9.9 µg/kg in the 
duplicate sample from 6 feet bgs at test pit G6 to 360 µg/kg in the sample from 5.5 feet bgs at 
test pit G1.  All of the concentrations are less than the PSL of 492.1 µg/kg.  Finally, 
Aroclor 1248 was detected in the sample from 8 feet bgs at G3 at a concentration of 20 µg/kg.  
No PSL has been established for Aroclor 1248.  Total PCBs were calculated by summing the 
concentrations of individual aroclors.  One-half of the reporting limit was assigned for non-
detected aroclors.  Total PCBs ranged from 50.4 µg/kg in the field duplicate sample from G6 to 
690 µg/kg in the sample from 5.5 feet bgs at G1, all of which are greater than the PSL of 
28 µg/kg. 

5.3.2.6 Summary 
In summary, all test pit soil samples had several metals concentrations above the PSL 
(Figure 9).  In addition, one sample (at location G5) exceeded the PSL for TPH-G and two 
samples (at locations G1 and G5) had a few SVOCs detected above PSLs.  PCBs (total 
and/or individual congeners) exceeded PSLs in six samples located at five different locations 
G1, G3, G4, G5, and G6.  The following pesticides were detected above their respective PSLs 
in one or more test pit soil samples; aldrin (at location G5), delta-BHC (at location G3 and 
location G6), dieldrin (at location G3 and location G5), and methoxychlor (at location G4).  
Other TPH, PCB, SVOC, and VOC analytes were detected in the test pit soil samples, but did 
not exceed the respective PSL. 
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5.4 GROUNDWATER/SEEP RESULTS 
Analytical data for groundwater and seep samples are presented in Table 11.  Analytical 
results for analytes that exceeded PSLs in groundwater and seep samples are shown on 
Figure 10. 

5.4.1 Groundwater Results 
Monitoring well samples collected during the October and December 2008 and April and 
July 2009 sampling events included samples from monitoring well locations MW-02, MW-03, 
and MW-04.  The samples were analyzed for the analytes noted in Section 3.6.2.  Analytical 
results are discussed below. 

5.4.1.1 Metals 
Total and dissolved metals were detected in all of the samples collected in October, 
December, April, and July.  In the October sampling event, dissolved arsenic was detected in 
samples from locations MW-02 through MW-04 at concentrations ranging from 1.9 µg/L to 
4.6 µg/L.  In the December sampling event, dissolved arsenic was detected in samples from 
locations MW-02 through MW-04 at concentrations ranging from 0.4 µg/L to 4.4 µg/L.  In the 
April sampling event, dissolved arsenic was detected in samples from MW-02 through MW-04 
at concentrations ranging from 0.5 µg/L to 5.5 µg/L.  In the July sampling event, dissolved 
arsenic was detected in samples from MW-02 through MW-04 at concentrations ranging from 
2.5 µg/L to 5.9 µg/L.  These concentrations were all greater than the PSL of 0.2 µg/L.  The 
total and dissolved arsenic concentrations in MW-02 and MW-04 remained consistent during 
all four sampling events.  The concentrations in samples from location MW-03 decreased 
during the December and April sampling events. 

Total lead was detected in the sample from MW-03 during the October sampling event at a 
concentration of 16 µg/L, greater than the PSL of 8.1 µg/L.  A blind field duplicate was 
collected at this location, and total lead was detected at a significantly lower concentration of 
2 µg/L.  Total lead was not detected in the samples from MW-03 during the remaining three 
sampling events, nor was total or dissolved lead detected in any of the other monitoring wells 
sampled in October, December, April, or July. 

Total and dissolved manganese were detected in samples collected from locations MW-03 
and MW-04 during the four sampling events.  The concentrations of dissolved manganese in 
samples from these two wells during all four events ranged from 121 µg/L to 336 µg/L, and the 
concentration of total manganese ranged from 124 µg/L to 350 µg/L in all four sampling 
events.  All of the concentrations detected in samples from these two wells during the four 



 

AMEC Geomatrix, Inc. 
38 R:\14159 - Skagit Whitmarsh Landfill\021\Final Phase I RI_Sx.DOC 

sampling events were greater than the PSL of 100 µg/L.  Total and dissolved manganese were 
also detected in samples from location MW-02 during all four sampling events at 
concentrations ranging from 21 µg/L to 45 µg/L for dissolved manganese and 46 µg/L to 
64 µg/L for total manganese.  All of the detections of total and dissolved manganese in MW-02 
were less than the PSL of 100 µg/L. 

Total copper was detected in the sample collected from location MW-03 during the October 
sampling event at a concentration of 3 µg/L, slightly greater than the PSL of 2.4 µg/L.  Total 
zinc was also detected in sample MW-03 during the October sampling event, at a 
concentration of 30 µg/L, less than the PSL of 81 µg/L.  Total copper and zinc were not 
detected in the samples from MW-03 during the December, April, or July sampling events, nor 
were they detected in the field duplicate collected at location MW-03 during any of the four 
sampling events.  Total and dissolved copper and zinc were not detected in any of the other 
samples during the four sampling events. 

The only other total and dissolved metal with an associated PSL detected in the monitoring 
well samples during the October, December, April, and July sampling events is nickel, which 
was detected at dissolved concentrations ranging from 0.5 µg/L to 4.1 µg/L and total 
concentrations ranging from 0.5 µg/L to 5.4 µg/L.  All of the total and dissolved nickel 
concentrations detected during the four sampling events were less than the PSL of 8.2 µg/L. 

Other total and dissolved metals detected in the monitoring well samples during the October, 
December, April, and July sampling events that do not have an associated PSL are aluminum, 
barium, iron, molybdenum, strontium, titanium, and vanadium. 

5.4.1.2 Total Petroleum Hydrocarbons 
No TPH compounds were detected in any of the samples collected from locations MW-02, 
MW-03, and MW-04 during the October, December, April, or July sampling events. 

5.4.1.3 SVOCs and PAHs 
Monitoring well samples were analyzed for SVOCs and PAHs.  The select ion monitoring 
method was used for selected analytes as shown in Table 4 to achieve lower detection limits.  
No SVOC compounds were detected in the monitoring well samples collected during the 
October, December, or July sampling events.  One compound, bis(2-ethylhexyl) phthalate, 
was detected in the sample collected from MW-03 during the April sampling event at a 
concentration of 1.2 µg/L, less than the PSL of 2.2 µg/L. 
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The only PAH compound consistently detected in groundwater samples was acenaphthene, 
detected in the sample collected from MW-03 during all four sampling events at concentrations 
ranging from 0.012 µg/L in the July sampling event to 0.032 µg/L in the October sampling 
event.  All of the detections in the samples from MW-03 and field duplicates from MW-03 are 
significantly lower than the associated PSL of 640 µg/L. 

5.4.1.4 VOCs 
Acetone, a known laboratory contaminant, was detected in samples collected from locations 
MW-02 and MW-03 during the October sampling event at concentrations ranging from 
3.1 µg/L to 4.6 µg/L.  Acetone was not detected in the samples collected during the remaining 
three sampling events.  No PSL is associated with acetone, and the detections are well below 
the MTCA Method B cleanup level of 800 µg/L.  Chloromethane was detected in the sample 
from MW-02 during the October sampling event at a concentration of 0.4 µg/L, and in the 
duplicate sample from MW-03 during the December sampling event at an estimated 
concentration of 0.5 µg/L.  These concentrations are well below the PSL of 130 µg/L.  
Benzene and toluene were detected in the sample collected from MW-04 during the April 
sampling event at concentrations of 0.2 µg/L and 0.3 µg/L, respectively.  Both of these 
detections were below the associated PSLs.  No other VOC was detected in the monitoring 
well samples during the four sampling events. 

5.4.1.5 Organochlorine Pesticides 
Alpha-BHC was detected in the sample from location MW-03 during all four sampling events at 
concentrations ranging from 0.015 µg/L in October to 0.041 µg/L in April.  These levels exceed 
the PSL of 0.0049 µg/L.  In addition, 4,4’-DDD was detected in the sample from location 
MW-03 during the December, April, and July sampling events at consistent concentrations 
ranging from an estimated concentration of 0.0056 µg/L in December to 0.0082 µg/L in July.  
These detections also exceed the PSL of 0.00166 µg/L.  Beta-BHC, delta-BHC, and 
gamma-BHC (Lindane) were also detected in well MW-03 during all four sampling events, but 
the concentrations were well below their associated PSLs.  Pesticides were not detected in 
either well MW-02 or MW-04. 

5.4.1.6 PCBs 
Aroclor 1232 was detected in December and April in well MW-03, and Aroclor 1242 was 
detected in October and December in well MW-03.  These aroclor detections did not exceed 
their respective PSLs.  Total PCBs (calculated using one-half the reporting limit) in MW-03 did 
not exceed PSLs during the April, October, or July sampling events.  There were no detections 
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of PCBs in MW-03 during the July sampling event, and PCBs were not detected in MW-02 or 
MW-04 during any of the four sampling events.  

5.4.1.7 Summary 
In summary, all groundwater sample locations had several total and dissolved metals 
concentrations greater than the PSL (Figure 10).  PCBs did not exceed PSLs in any of the 
groundwater samples.  SVOCs, PAHs, and VOCs were detected during all four sampling 
events, but none of the analytes exceeded the applicable PSL.  Alpha-BHC was detected in 
one well (MW-03) during all four sampling events, and 4,4’-DDD was detected in the same 
well during three of the four sampling events, both at concentrations exceeding the PSLs. 

5.4.2 Seep Results 
Seep samples collected during the October, December, April, and July sampling events 
included samples from locations SP-01, SP-02, and SP-03.  The samples were analyzed for 
the analytes listed in Section 3.6.2.  Analytical results are discussed below.  Analytical results 
for analytes that exceeded PSLs in seep samples are shown on Figure 10. 

5.4.2.1 Total and Dissolved Metals 
Total and dissolved metals were detected in all of the samples collected in October, 
December, April, and July.  The dissolved arsenic concentrations detected at location SP-01 in 
October, April, and July ranged from 0.4 µg/L to 1.2 µg/L.  At location SP-02 the dissolved 
arsenic concentrations ranged from 0.7 µg/L in April to 1.1 µg/L in July.  At location SP-03 the 
dissolved arsenic concentrations from October, April, and July ranged from 0.6 µg/L to 
0.8 µg/L.  The total arsenic concentrations ranged from a low of 0.8 µg/L detected during the 
July sampling event at location SP-03 to a high of 2.4 µg/L also detected during the July 
sampling event at location SP-02.  The total and dissolved concentrations detected during all 
four sampling events are greater than the PSL of 0.2 µg/L. 

Total and dissolved manganese were detected in samples collected from locations SP-01, 
SP-02, and SP-03 during all four sampling events.  The concentrations of dissolved 
manganese at all three locations ranged from 126 µg/L to 545 µg/L, and total concentrations 
ranged from 85 µg/L to 570 µg/L.  All of the concentrations detected in all locations during the 
four sampling events were greater than the PSL of 100 µg/L, with the exception of the 
concentration of 85 µg/L detected at location SP-02 during the October sampling event. 

Total copper was detected in the sample collected from location SP-02 during the December 
sampling event at a concentration of 5 µg/L, greater than the PSL of 2.4 µg/L.  Total copper 
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was also detected at location SP-02 during the April and July sampling events at a 
concentration of 2 µg/L.  Total and dissolved copper were not detected in any of the other 
seep locations during the four sampling events. 

Total lead was detected in the sample from SP-02 during the December sampling event at a 
concentration of 1 µg/L, less than the PSL of 8.1 µg/L.  Total lead was not detected in the 
samples from SP-02 during the October, April, or July sampling events, nor was total or 
dissolved lead detected in any of the other seep locations during the four sampling events. 

In the October sampling event, total and dissolved silver were detected in the sample from 
SP-02 at concentrations of 8 µg/L and 11 µg/L, respectively.  Total zinc was detected in the 
sample from SP-03 at a concentration of 20 µg/L.  Neither metal was detected in these 
locations during the December, April, or July sampling events, and neither was detected in any 
of the other seep samples collected during the four sampling events.  The silver and zinc 
concentrations detected are less than the associated PSLs of 26,000 µg/L and 81 µg/L, 
respectively. 

The only other total and dissolved metals with an associated PSL detected in the seep 
samples during the four sampling events are nickel and selenium.  Nickel was detected at 
dissolved concentrations ranging from 0.6 µg/L to 7 µg/L and total concentrations ranging from 
0.8 µg/L to 8 µg/L.  All of the total and dissolved nickel concentrations detected during the four 
sampling events are less than the PSL of 8.2 µg/L.  Dissolved selenium was detected in SP-03 
during the July sampling event at a concentration of 50 µg/L, less than the PSL of 71 µg/L.  
Total and dissolved selenium were not detected in any other seep samples during the four 
sampling events. 

Other total and dissolved metals detected in the seep samples during the October, December, 
April, and July sampling events that do not have an associated PSL are aluminum, barium, 
iron, molybdenum, strontium, titanium, and vanadium. 

5.4.2.2 SVOCs and PAHs 
Two SVOCs were detected in samples from SP-01:  4-chloro-3-methylphenol detected in the 
sample collected in December at an estimated concentration of 7.8 µg/L and carbaryl detected 
in all four sampling events at concentrations ranging from 1.9 µg/L during the October 
sampling event to 11 µg/L during the July sampling event.  There are no associated PSLs for 
these compounds; however, the concentration of carbaryl is well below the MTCA Method B 
cleanup level for noncarcinogen in groundwater of 1,600 µg/L. 
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N-Nitrosodiphenylamine was detected in samples from SP-02 during three sampling events at 
concentrations of 1.4 µg/L and 1.2 µg/L, which are less than the PSL of 6 µg/L.  No other 
SVOC was detected in SP-02 during the four sampling events. 

At SP-03, the SVOCs 1- and 2-methylnaphthalene were detected during the four sampling 
events at concentrations ranging from 2.9 µg/L to 5.3 µg/L.  There is no associated PSL for 
these compounds.  Acenaphthene was detected during all four sampling events at 
concentrations ranging from 1.0 µg/L in October to 1.3 µg/L in December.  The compound 
2,4-dimethylphenol was detected during the December, April, and July sampling events at 
concentrations of 57 µg/L, 13 µg/L, and 1.9 µg/L, respectively.  These concentrations were 
substantially less than the associated PSLs of 640 µg/L for acenapthene and 550 µg/L for 
2,4-dimethylphenol.  The only other compound detected in location SP-03 was 
diethyl phthalate during the December sampling event at a concentration of 1.4 µg/L, less than 
the PSL of 28,000 µg/L. 

Several PAH compounds were detected in all three seep locations during the October, 
December, April, and July sampling events.  The concentrations were all at low levels, orders 
of magnitude below the associated PSLs. 

5.4.2.3 Total Petroleum Hydrocarbons 
The samples were analyzed for TPH as gasoline (TPH-G) and diesel (TPH-D) as well as 
hydrocarbon identification.  The only detections in the seep samples were low-level diesel 
detections during the four sampling events.  The detections ranged from 0.31 milligrams per 
liter (mg/L) in SP-02 during the December sampling event to 0.76 mg/L in SP-03 during the 
July sampling event.  There are no PSLs established for TPH compounds; however, the 
detections of TPH-D in SP-01 and SP-03 during the December, April, and July sampling 
events ranging from a low of 0.55 mg/L to a high of 0.76 mg/L, and the July detection of 
0.51 mg/L in SP-02, all exceeded the MTCA Method A cleanup level of 0.5 mg/L. 

5.4.2.4 VOCs 
Several VOC compounds were detected at low levels in all three seep locations during the 
October, December, April, and July sampling events.  None of the detected concentrations 
exceeded the associated PSLs. 

5.4.2.5 Organochlorine Pesticides 
Pesticides were not detected in seep samples during the October, December, April, or July 
sampling events. 
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5.4.2.6 PCBs 
Aroclor 1232 was detected in the December and April samples from SP-03, and Aroclors 1232 
and 1242 were detected in samples collected in October and December from SP-03.  
Additionally, Aroclor 1232 was detected in the April sample from SP-02.  Concentrations of 
total PCBs in SP-03 in the December and April samples were calculated as 0.14 µg/L and 
0.121 µg/L, respectively, exceeding the PSL of 0.07 µg/L.  The concentration of total PCBs in 
SP-02 in the April sample was calculated at 0.058 µg/L, less than the PSL.  PCBs were not 
detected in SP-01, nor were PCBs detected in any of the seep samples during the July 
sampling event. 

5.4.2.7 Summary 
In summary, all seep sample locations had several total and dissolved metals concentrations 
greater than the PSL.  The concentrations of total PCBs exceeded the PSL in the sample 
collected at SP-03 during December and April.  TPH-D and several PAHs, SVOCs, and VOCs 
were detected in seep samples collected during the four sampling events, but none exceeded 
the applicable PSL.  

5.5 SURFACE WATER RESULTS 
Surface water samples collected during the October, December, April, and July sampling 
events included samples from locations SW-01, SW-03, SW-04, SW-05, and SW-06.  A 
sample was collected from SW-07 only during the December and April sampling events.  
Proposed location SW-02 was not sampled during any of the sampling events.  Location 
SW-02 was dry during the first sampling event in October 2008.  It was decided in the field not 
to change the sample nomenclature for the subsequent samples collected during the October 
2008 event in case surface water samples could be collected at SW-02 during the next 
monitoring event.  No surface water sample has been collected at SW-02 during any of the 
four monitoring events due to the sampling location being dry.  We will continue to observe the 
conditions at location SW-02 during future monitoring events, and if surface water is present a 
sample will be collected. 

Surface water samples were analyzed for the analytes listed in Section 3.7.2.  Analytical 
results are discussed in this section, and data are presented in Table 11.  A summary of 
analytes that exceed the PSLs is presented in Figure 11. 

5.5.1 Total and Dissolved Metals 
Total and dissolved metals were detected in all of the surface water samples collected during 
the four sampling events.  Dissolved arsenic was detected in most samples during the four 
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sampling events at concentrations ranging from 0.5 µg/L in SW-07 during the December 
sampling event to 5.1 µg/L in SW-01 during the July sampling event.  Total arsenic was also 
detected in all but one of the samples collected during the four sampling events at 
concentrations ranging from 0.8 µg/L in SW-05 in December to 21.3 µg/L in SW-01 in July.  All 
of the detected concentrations of total and dissolved arsenic are greater than the PSL of 
0.2 µg/L. 

Total and dissolved manganese were detected in all of the surface water samples collected 
during the four sampling events.  The dissolved manganese concentrations exceeded the PSL 
of 100 µg/L in all samples during all four events, with the exception of the samples collected 
from SW-01 in October and December, the October and July samples collected from SW-04 
and SW-06, and the July sample collected from SW-05.  The dissolved manganese 
concentrations in excess of the PSL ranged from 132 µg/L to 795 µg/L.  The total manganese 
concentrations also exceeded the PSL, with the exception of the October samples collected 
from location SW-01, the July sample from location SW-05, and the October and July samples 
from SW-06.  The total manganese concentrations in excess of the PSL ranged from 125 µg/L 
to 782 µg/L. 

Total nickel was detected at concentrations that exceeded the PSL of 8.2 µg/L in the 
December and April samples collected from SW-03 and the December sample collected from 
SW-04.  The total nickel concentrations of 11 µg/L and 10 µg/L, detected in the December and 
July samples collected from SW-06, also exceeded the PSL.  Total nickel was detected in 
SW-01 during the July sampling event at a concentration of 72.2 µg/L, exceeding the PSL.  
Dissolved nickel concentrations exceeded the PSL of 8.2 µg/L in the December samples from 
SW-03 (9 µg/L) and SW-04 (11 µg/L).  Total and dissolved nickel were detected in other 
samples during the four sampling events, but the concentrations were less than the PSL. 

Total mercury was detected in surface water samples from only one location, SW-01, during 
the December and July sampling events at concentrations of 0.0284 µg/L and 0.0649 µg/L, 
both of which exceed the PSL of 0.025 µg/L.  Neither total nor dissolved mercury was not 
detected in any of the remaining surface water samples during the four sampling event.   

Dissolved copper was detected sporadically in SW-03 through SW-06 during the December, 
April, and July sampling events.  Of the 11 detections of dissolved copper in these locations, 9 
exceeded the PSL of 2.4 µg/L at concentrations ranging from 3 µg/L to 6 µg/L.  Total copper 
was also detected in the same surface water locations at concentrations ranging from 3 µg/L 
to 38 µg/L. 
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Total lead was detected in samples from SW-01 during the December and July sampling 
events, SW-03 during the April sampling event, and SW-04 during the October sampling 
event, and SW-07 during the December sampling event.  The detected concentration in the 
sample from SW-01 during the July sampling event exceeded the PSL of 8.1 µg/L at a 
concentration of 24 µg/L.  All other detections were lower than the PSL, with concentrations 
ranging from 1 µg/L to 3 µg/L. 

Total zinc was detected sporadically in samples from SW-01, SW-03, SW-04, SW-05, and 
SW-07 during the four sampling events.  Of the eight detections of total zinc at these locations, 
only the detection at SW-01 during the July sampling event exceeded the PSL of 81 µg/L at a 
concentration of 150 µg/L.  The remaining detected concentrations ranged from 10 µg/L to 
40 µg/L. 

The following other total and dissolved metals were detected in one or more surface water 
samples, but the concentrations did not exceed the PSLs:  total and dissolved aluminum, total 
and dissolved barium, total chromium, total and dissolved iron, total and dissolved 
molybdenum, total silver, total and dissolved strontium, total and dissolved titanium, total and 
dissolved vanadium, and dissolved zinc. 

5.5.2 TPH 
No TPH analytes were detected in any of the surface water samples collected from locations 
SW-01, SW-03, SW-04, SW-05, SW-06, and SW-07 during the October, December, April, or 
July sampling events. 

5.5.3 SVOCs and PAHs 
Surface water samples were analyzed for SVOCs, with PAHs analyzed using select ion 
monitoring to achieve lower detection limits. 

No SVOCs were detected in locations SW-03, SW-04, or SW-06 during the October, 
December, April, or July sampling events.  One compound, bis(2-ethylhexyl) phthalate, was 
detected in the sample collected at SW-01 during the December sampling event at a 
concentration of 1.6 µg/L, which is less than the PSL of 2.2 µg/L.  The compound 
bis(2-ethylhexyl) phthalate was not detected in any other samples during the four sampling 
events.  Carbaryl was detected in the samples collected at SW-07 during the December and 
April sampling events at concentrations of 1.8 µg/L and 1.2 µg/L, respectively.  There is no 
associated PSL for carbaryl, and this compound was not detected in any of the other surface 
water samples during the four sampling events.  Nine SVOCs were detected in the surface 
water sample collected at SW-05 in October; none of the concentrations exceeded the 
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associated PSL.  The most notable detections were benzoic acid at 5,500 µg/L and 
benzyl alcohol at 600 µg/L.  These compounds do not have an associated PSL.  No SVOCs 
were detected in the samples collected at SW-05 in December, April, or July. 

No PAH compounds were detected in samples collected during the four sampling events at 
locations SW-03 and SW-04.  However, PAHs were detected at SW-01, SW-05, SW-06, and 
SW-07.  PAH compounds were not detected in sample SW-01 until the July sampling event, 
during which five PAH compounds were detected.  None of the PAHs detected were at a 
concentration greater than the associated PSL.  One PAH compound, acenaphthene, was 
detected in the sample collected at SW-05 during the October, December, and April sampling 
events at concentrations ranging from 0.014 µg/L in October to 0.064 µg/L in April.  
Acenaphthene was also detected in the sample from SW-06 during the April sampling event at 
a concentration of 0.01 µg/L.  These concentrations are several orders of magnitude less than 
the PSL of 640 µg/L.  Acenaphthene was not detected in SW-05 or SW-06 during the July 
sampling event.  Nine PAH compounds were detected in sample SW-07 during the December 
sampling event, and six PAH compounds were detected during the April sampling event.  
None of the PAHs was detected at a concentration greater than the associated PSL. 

5.5.4 VOCs 
During the October sampling event, the only VOC detected was acetone, a known laboratory 
contaminant; it was detected in a sample from location SW-03 at a concentration of 3.1 µg/L.  
There is no associated PSL for acetone, and it was not detected in any other samples during 
the four sampling events.  Toluene was detected in samples collected from SW-01, SW-05, 
and SW-07 in December at concentrations ranging from 0.2 µg/L to 0.8 µg/L.  Toluene was 
detected at SW-04 and SW-07 at concentrations of 0.2 µg/L and 1.4 µg/L, respectively, during 
the April sampling event, and in SW-01 at 32 µg/L during the July sampling event.  These 
concentrations are all several orders of magnitude less than the PSL of 15,000 µg/L for 
toluene.  During the December sampling event, 1,2,4-trimethylbenzene, benzene, m,p-xylene, 
and o-xylene were detected in the sample from SW-07.  Of these detected VOCs, only 
benzene has an associated PSL, and the benzene concentration of 2.2 µg/L in SW-07 is less 
than the PSL of 23 µg/L.  During the July sampling event, bromoform was detected at 
concentrations ranging from 12 µg/L to 17 µg/L, and dibromochloromethane was detected at a 
concentration of 0.3 µg/L in samples SW-03, SW-04, SW-05, and SW-06.  These 
concentrations are below the PSLs of 140 µg/L for bromoform and 13 µg/L for 
dibromochloromethane.  Carbon disulfide was detected in the samples from SW-03 during the 
April sampling event and in the samples from SW-01 and SW-04 during the July sampling 
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event at concentrations ranging from 0.2 µg/L to 4.1 µg/L.  Carbon disulfide does not have an 
associated PSL. 

5.5.5 Organochlorine Pesticides 
The only pesticide detected in any of the surface water samples during the four sampling 
events was 4,4’-DDD.  It was detected in SW-06 in December at an estimated concentration of 
0.0019 µg/L, which is slightly greater than the PSL (0.00166 µg/L). 

5.5.6 PCBs 
PCBs were not detected in any surface water samples. 

5.5.7 Summary 
In summary, all surface water sample locations had several total and dissolved metals 
concentrations greater than the PSLs including arsenic, manganese, copper, lead, mercury, 
nickel, and zinc.  In addition, in one sample the concentration of 4,4’-DDD exceeded the PSL 
during the December sampling event.  However, 4,4’-DDD was not detected at the same 
location during the October, April, or July sampling events.  SVOCs, PAHs, and VOCs were 
detected during the four sampling events, but none of the detected concentrations exceeded 
the associated PSL. 
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6.0 CONCEPTUAL SITE MODEL 

This section describes the current conceptual site model developed based on the Phase I 
remedial investigation. 

6.1 CONCEPTUAL SITE MODEL 
A preliminary conceptual site model was developed based on the Phase I investigation and 
historical data.  Based on the boring logs and test pits, the local geology is interpreted as 
follows. 

• Silt to Peat Unit:  This unit is found at MW-04 only and consists of silt with various 
amounts of peat.  The unit is up to 16 feet thick and is likely a continuation of the 
Bay Mud discovered in test pits below the landfill. 

• Silty Sand Unit (fill):  This unit is found at MW-03 and consists of silty sand with a 
few glass pieces.  This fill unit is up to 18.5 feet thick and is likely associated with 
either rail or road construction or possibly a fill unit associated with the former 
landfill activity. 

• Poorly Graded Sand Unit: This unit is found at MW-02 and MW-04 and consists of 
poorly graded sand with little or no fines.  This unit is up to 31 feet thick (as evident 
from the boring log for MW-01). 

• Padilla Bay Mud Unit: This unit is found in the bottom of three test pits (G-3, G-7, 
and G-11) below the landfill and consists of silt with various amounts of clay and 
peat-like material.  The thickness of this unit is unknown as it was not encountered 
in any of the monitoring well borings and the test pits within the landfill footprint 
were terminated when bay mud was encountered. 

• Lean Clay Unit (till):  This unit is found in all locations at various elevations.  This 
unit is very stiff, lean clay with occasional trace fine sand laminations and is not 
fully penetrated in any boring. 

Lithologic data from monitoring wells (presented in cross section in Figures 12 and 13) 
suggest that the landfill material is underlain by native bay mud of unknown thickness.  The 
native bay mud is underlain by deeper native glacial sand units.  The native bay mud likely 
acts as an aquitard, separating shallow groundwater in the landfill material from lower water-
bearing zones.  This hypothesis is supported by the apparent lack of a deeper water-bearing 
zone beneath the site.  One Phase I boring (MW-01) drilled to a total depth of 70 feet bgs 
encountered groundwater only in a shallow water-bearing zone from approximately 4 to 
31 feet below ground surface.  The lack of a deeper water-bearing zone within the upper 
70 feet of ground surface suggests that the shallow groundwater zone encountered in the 
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monitoring wells has minimal connectivity to any deeper water-bearing zones that may be 
present. 

Groundwater elevations measured in the three monitoring wells are significantly higher than 
groundwater observed in landfill excavations during the test pit investigation.  This observation 
suggests that the upgradient shallow groundwater zone between MW-02 and MW-04 may be 
hydraulically disconnected from the shallow groundwater zone within the landfill footprint.  This 
supposition is supported by observations of flow in the swale southwest of the site along South 
March Point Road, which would act as a common discharge zone for upgradient groundwater 
and the groundwater in the waste if there was hydraulic connectivity between these two water-
bearing zones.  The swale is tidally influenced.  At high tide, water in the swale has been 
observed to extend almost all the way up to monitoring well MW-02, suggesting that 
groundwater at MW-04 and as far north as MW-02 might be disconnected from groundwater 
within the landfill. 

Location MW-03 is not separated from the landfill by a swale.  Fill material was encountered in 
the MW-03 boring during installation, suggesting that this area may be connected to the 
groundwater in the landfill.  However, the well location is likely downgradient only of the 
northernmost tip of the landfill.  Our interpretation, based on local topography, is that a 
groundwater divide may occur just north of the sawmill buildings.  Groundwater north of this 
suspected divide may radiate in both north and east directions toward Padilla Bay.  
Groundwater south of this suspected divide either flows directly east toward seeps SP-01, 
SP-02, and SP-03, or south toward the swale.  As outlined in Figure 14, the middle and 
southern part of the swale may receive discharge from both upgradient groundwater on the 
west and southwest side of March Point Road and from groundwater beneath and within the 
landfill.  The swale ultimately flows into the inner lagoon south of the landfill boundary. 

No seeps were observed along the southern landfill shoreline or the inner lagoon (Figure 14).  
This area is the approximate location of a linear dike-like feature observed along the eastern 
extent of the landfill area in historical aerial photographs from 1971.  If present, this dike would 
act as a hydraulic barrier at the site, diverting groundwater flow to the southern or 
southwestern edge of the site, and could explain the absence of seeps along this part of the 
landfill.  Seeps observed at the northern end of the landfill enter the inner lagoon and are 
encountered in approximately the same location as seeps referred to in historical reports 
(Figures 2 and 14).  In addition, surface water observed at location SW-07 was similar in color 
and odor to seep water encountered at location SP-01 during the December 2008 sampling 
event.  These observations may suggest that a dike does not extend north to this part of the 
landfill boundary.  Aerial photography also indicates that this northern boundary was created 
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as landfill material was being deposited and later armored with large concrete debris (visible 
today) when landfill operations ended. 

This conceptual site model suggests that there are limited areas along the landfill boundary 
where leachate is seeping, or has the potential to seep, into surface water.  These areas are 
predominantly in the eastern part of the swale south of the site and the northeastern landfill 
boundary within the inner lagoon.  Further, the landfill refuse may extend northwesterly, at 
least to the location of MW-03, based on fill material (possibly related to the refuse) found in 
that boring.  Soil samples collected from the test pits dug within the landfill footprint indicate 
elevated levels (above PSLs) for metals, TPH-G, SVOCs, PCBs, and pesticides. 

However, of the more than 9,000 individual analyses conducted as part of the Phase I RI, 
87.6 percent resulted in analytes not detected at the method detection limits.  Furthermore, 
only results from only 225 analyses (approximately 2.5 percent) consisting of 10 analytes 
exceeded the PSLs developed for this site, and concentrations of only two analytes (arsenic 
and copper) exceeded the PSLs by more than a factor of 10.  These higher levels of both 
arsenic and copper were found in water samples from all sampling locations, including 
upgradient wells and upstream surface water stations. 

Metals were found above detection limits and above the PSLs more than any other group of 
analytes.  Metals are naturally occurring elements, and the differences between total and 
dissolved concentrations often indicate that particulates entrained in the samples may be 
affecting the results.  Concentrations of total metals were usually higher than concentrations of 
dissolved metals, and in some cases, concentrations of total metals were substantially higher 
than concentrations of dissolved metals. 

Metals concentrations exceeded PSLs for arsenic, copper, lead, manganese, mercury, and 
nickel.  However, the only metals to exceed PSLs in the two upgradient monitoring wells 
(MW-02 and MW-04) were arsenic and manganese, and manganese was detected greater 
than the PSL only in MW-04.  The upstream surface water samples (SW-01) also exceeded 
the PSLs for arsenic, copper, lead, manganese, mercury, nickel, and zinc.  Mercury only 
exceeded the PSL in the upstream surface water sample.  Nickel, lead, and zinc in that same 
upstream sample were detected at 72.2 µg/L, 24 µg/L, and 150 µg/L, respectively, all greater 
than the associated PSL.  The PSL for lead was only exceeded in one other sample, in the 
primary sample at MW-03; however, it was below the PSL in the duplicate sample from the 
same well. 
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Both VOCs and SVOCs were rarely detected in the samples, and no analytes in these groups 
exceeded the PSLs.  While PAHs were detected more often than VOCs and SVOCs, no 
analytes in that group exceeded their respective PSLs either. 

There were no TPH compounds detected in either groundwater or surface water.  However, 
TPH-D was consistently detected at low levels (0.31 mg/L to 0.76 mg/L) in all three seep 
samples.  While no PSLs were established for TPH-D in the RI/FS Work Plan, of the 11 
detections of TPH-D in seep samples, four were less than the MTCA Method A Groundwater 
Cleanup Level of 0.5 mg/L (Note: there is no surface water cleanup level for TPH-D). 

PCBs were detected at only 3 of 12 locations (MW-03, SP-02 and SP-03), and the 
concentrations exceeded the PSLs in only one location (SP-03 in December 2008 and April 
2009).  PCBs were detected in the primary and duplicate sample from MW-03 during the 
October, December, and April sampling events, but the concentrations of total PCBs, 
calculated using one-half of the reporting limit for non-detect values, were less than the PSL of 
0.07 µg/L.  The concentration of total PCBs in the duplicate December 2008 sample from 
MW-03 was equal to, but did not exceed, the PSL.  During April 2009, PCBs were detected at 
SP-02, but the concentration of total PCBs was less than the PSL, and PCBs were not 
detected during the remaining three sampling events.  At SP-03, the concentration of total 
PCBs in October was less than the PSL, but concentrations in the December 2008 and April 
2009 samples, at 0.14 µg/L and 0.121 µg/L, respectively, exceeded the PSL.  PCBs were not 
detected in any of the samples during the July sampling event. 

Likewise, pesticides were detected in only two locations, monitoring well MW-03 and surface 
water station SW-06.  Pesticides including 4,4’-DDD, alpha-BHC, beta-BHC, delta-BHC, and 
gamma-BHC (Lindane) were detected in well MW-03.  However, only concentrations of alpha-
BHC (detected during all four sampling events) and 4,4’-DDD (detected in December, April 
and July) exceeded their respective PSLs.  The only pesticide detected in SW-06 was 
4,4’-DDD in December, which at a concentration of 0.0019 µg/L was slightly greater than the 
PSL of 0.00166 µg/L. 

In summary, large numbers of drums or other sources of hazardous or dangerous waste were 
not identified within the landfill.  Most of the test pit anomalies were identified as benign waste 
including a large number of washing machines.  Drums were identified in only two of the test 
pits.  Additionally, the Phase I sediment bioassays completed to date do not suggest that 
discharges from the landfill are impairing the adjacent ecosystem.  The conceptual site model 
also suggests that the landfill is somewhat isolated from groundwater by the tide flat deposits 
and may not be in a position to affect potable groundwater resources.   
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The locations of greatest concern are MW-03, the monitoring well completed in fill directly 
north of the landfill, and SP-03, the southernmost seep location that discharges to the Padilla 
Bay Inner Lagoon.  Both of these locations have several analytes that exceed project PSLs.  
However, the upstream surface water location SW-01 is of nearly equal concern because it 
has the highest concentrations of manganese and mercury found in any of the groundwater, 
seep, or surface water samples.  Surface water at SW-01 flows beneath South March Point 
Road in a culvert and feeds into the swale directly west of the landfill.  This same swale then 
continues southeast past stations SW-03, SW-04, and SW-05 as it joins the Padilla Bay inner 
lagoon. 

Additional investigations and ongoing monitoring, outlined in Section 6.2, will be completed 
during the Phase II RI to evaluate whether the conceptual site model and the conclusions 
based on the conceptual site model are accurate. 

6.2 PROPOSED PHASE II SCOPE OF WORK 
The Phase II investigation is intended to fill data gaps, confirm the Phase I conceptual site 
model, and provide sufficient information for the FS to develop and evaluate remedial 
measures.  Based on the conceptual site model developed from the Phase I investigation 
(Figures 12 through 14), we propose the following additional work to be carried out at the site 
as part of the Phase II RI.  A detailed Phase II RI/FS sampling and analysis plan will be 
developed for Ecology’s review and approval.  

• Test Pits — Additional test pit excavations are needed to fully delineate the extent 
of landfill waste at the landfill edges and further investigate the area around the 
sawmill.  In addition, the southern boundary area along the swale, the area along 
the northwest boundary adjacent to monitoring well MW-03, and the BNSF right-of-
way need further investigation.  Soil samples from the test pits associated with 
suspicious or industrial waste will be collected and analyzed for the same analytical 
suite used for Phase I soil samples. 

• Geoprobe Borings — It is anticipated that the test pits will be excavated to 
groundwater which is expected at approximately 10 feet bgs.  If the depth to the 
original Bay Mud horizon at these locations exceeds this depth, then geoprobe 
borings will be advanced at the test pit locations to evaluate the presence of and 
depth to the original Bay Mud horizon.  This horizon is believed to be an aquitard 
unit underlying the entirety of the site, and its depth is important in estimating the 
costs for containment options to be evaluated in the FS.  Selected soil samples 
from the Bay Mud horizon will be analyzed for the same analytical suite used for 
Phase I soil samples. 

• Monitoring Wells in Waste — Five new monitoring wells will be installed within the 
landfill as part of the Phase II investigation.  These new monitoring wells will be 
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sampled over several seasons and analyzed for the same analytical suite used for 
Phase I water samples.  Several of the borings for these monitoring wells will be 
drilled through the Bay Mud layer so that its thickness can be determined.  To 
minimize cross-contamination, these borings will be advanced inside a large-
diameter, conductor casing sealed at the top of the mud.  After the bottom of the 
mud has been reached, the boring will be sealed, the conductor casing will be 
withdrawn, and the screens installed in the waste above the mud. 

Soil samples will be collected from test pits and geoprobe borings for soil 
classification.  Selected soil samples will be submitted to a laboratory for 
geotechnical testing.  Soil gradation, moisture content, hydraulic conductivity and/or 
triaxial permeability, and Atterberg limits testing are proposed for the Phase II 
investigation. 

• Piezometer Installation — Piezometers will be installed in waste at the site.  The 
piezometers and monitoring wells will be used to obtain groundwater level data to 
evaluate the groundwater flow regime in the landfilled materials.  Depending on site 
conditions, the piezometers will be advanced using a direct-push method and 
installed with pre-packed screens or through conventional hollow-stem auger 
drilling and standard well construction methods.  Monthly groundwater elevation 
data will be collected from the piezometers and the several monitoring wells for a 
period of 1 year. 

• Bay Mud Testing — Bay Mud samples will be collected from within the inner 
lagoon in the vicinity of the seep sample locations and/or the monitoring well 
borings drilled through the mud using a Shelby tube.  Several samples will be 
tested to determine shear strength, triaxial permeability, as well as conventional 
physical parameters.  These data can be used to evaluate the hydraulic properties 
of the Bay Mud underlying the site, which is presumed to serve as the aquitard 
beneath the landfill. 

• Soil Sample Archives — In addition to the soil samples collected and analyzed as 
discussed above, one soil sample from each soil testing location will be frozen and 
archived for possible future analytical testing. 

• Dike-like Feature Investigation — Historical aerial photographs indicate the 
presence of a dike-like feature along the eastern extent of the landfill area.  We 
believe that this feature was built prior to placement of the waste in the southern 
half of the landfill.  Test pits will be excavated along the feature to evaluate its 
presence and to collect samples for geotechnical testing: gradation, moisture 
content, Atterberg Limits, shear strength, and hydraulic conductivity.  

• Native Sand Monitoring Well — In addition to continued monitoring of 
groundwater from seeps and monitoring wells in waste, two monitoring wells will be 
installed along and within the above-mentioned dike structure.  This well will be 
screened in the native sands below the Bay Mud by first installing and sealing a 
large-diameter conductor casing in the mud, then advancing a smaller diameter 
boring, and finally installing the well to avoid potential cross-contamination.  These 
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new monitoring wells will be sampled several seasons and analyzed for the same 
analytical suites used for Phase I water samples. 

• Tidal Influence Testing — Following the investigation of the dike, the piezometer 
installation, and monitoring well installation, an investigation of tidal effects on 
groundwater in the waste will be necessary.  The scope of this investigation will be 
determined after these additional data are collected and the results have been 
evaluated. 

• Sediment Testing —Sediment samples will be analyzed for bioaccumulative 
parameters during the Phase II investigation. 

• Sampling of Existing Monitoring Wells — In addition to the proposed Phase II 
scope discussed above, and based on quarterly analytical data collected since 
October 2008, we propose to alter the current groundwater (MW-01, MW-03 and 
MW-04), seep, and surface water analytical suite by eliminating all classes of 
analytes where PSLs have not been exceeded during the first year of monitoring.  
Existing monitoring wells will be sampled at similar intervals as the monitoring wells 
located within the waste. 

• A Simplified or Site-Specific TEE — Potential terrestrial impacts will be 
addressed during the Phase II investigation by completion of a TEE based on the 
requirements in WAC 173-340-7491(1).  The problem formulation and method 
selection steps will be completed as part of the Phase II RI in consultation with 
Ecology. 
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Analyte1

Previously Detected in
Surface Water/Seep 

Samples

Previously
Detected in
Sediments

Metals
Aluminum X X
Arsenic X X
Barium X X
Beryllium X X
Cadmium X X
Chromium X X
Copper X X
Lead X X
Manganese X X
Mercury X X
Molybdenum X X
Nickel X X
Selenium X X
Silver X X
Strontium X X
Thallium X
Titanium X
Vanadium X
Zinc X X

Petroleum Hydrocarbons
TPH-Diesel range X X
TPH-Heavy oil range X
TPH- Gasoline range

VOCs
1,2,4-Trimethylbenzene X X
1,2-Dichlorobenzene X
1,3,5-Trimethylbenzene X X
1,3-Dichlorobenzene X
1,4-Dichlorobenzene X
2-Butanone X
4-Methyl-2-pentanone X
Acetone X
Benzene X X
Carbon disulfide X
Chlorobenzene X
Diethyl ether X
Ethylbenzene X X
Isopropylbenzene (cumene) X X
m,p-Xylenes X X
Methylene chloride X
o-Xylene X X
Toluene X X

Skagit County, Washington

TABLE 2

PRELIMINARY COPCs FOR UPLANDS SITE
March Point (Whitmarsh) Landfill

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 2
AMEC Geomatrix, Inc.
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Analyte1

Previously Detected in
Surface Water/Seep 

Samples

Previously
Detected in
Sediments

Skagit County, Washington

TABLE 2

PRELIMINARY COPCs FOR UPLANDS SITE
March Point (Whitmarsh) Landfill

SVOCs
1-Methylnaphthalene X X
2,4-Dimethylphenol X X
2-Methylnaphthalene X X
2-Methylphenol X X
4-Methylphenol (p-cresol) X X
Acenaphthene X X
Anthracene X X
Benzo(a)anthracene X X
Benzo(a)pyrene X
Benzo(b)fluoranthene X
Benzo(k)fluoranthene X
Benzoic acid X
Bis(2-chloroethyl) ether X
Bis(2-ethylhexyl) phthalate X X
Butyl benzyl phthalate X
Carbazole X X
Chrysene X X
Dibenzo(a,h)anthracene X
Dibenzofuran X X
Diethyl phthalate X X
di-n-Butyl phthalate X
Fluoranthene X X
Fluorene X X
Indeno(1,2,3-cd)pyrene X
Naphthalene X X
N-Nitrosodiphenylamine X
Phenol X X
Pyrene X X

Other
Dioxins and furans (PCDD and PCDF) X
Carbaryl X
Ammonia X
Phosphorus X

Notes
1.  Shaded cells indicate compound not detected (or not analyzed) at the site but suspected at site based on 

  industries that reportedly used landfill.

Abbreviations
COPCs = contaminants of potential concern
PCDD = polychlorinated dibenzo-p-dioxins
PCDF = polychlorinated dibenzofurans
SVOCs = semivolatile organic compounds
VOCs = volatile organic compounds  

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 2
AMEC Geomatrix, Inc.

Page 2 of 2



Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
Simplified TEE - 

Industrial or 
Commercial Site6

Puget Sound
Soil Natural
Background

(Ecology, 1994)7 PSL8

Metals
Aluminum 7429-90-5 EPA 6010B 5.0 --9 -- -- N/A10 -- 32,600.00 32,600.00
Antimony 7440-36-0 EPA 6010B 5.0 -- -- 32.00 578.60 -- -- 32.00
Arsenic 7440-38-2 EPA 7060A 0.10 20.00 0.67 24.00 0.06 20 11 7.00 7.00
Barium 7440-39-3 EPA 6010B 0.30 -- -- 16,000.00 N/A 1,320.00 -- 1,320.00
Beryllium 7440-41-7 EPA 6010B 0.1 -- -- 160.00 4,267.00 -- 0.60 160.00
Cadmium 7440-43-9 EPA 6010B 0.2 2.00 -- 80.00 1.21 36.00 1.00 1.21
Chromium 7440-47-3 EPA 6010B 0.5 2,000.00 -- 120,000.00 960.00 135.00 117*** 135.00
Copper 7440-50-8 EPA 6010B 0.2 -- -- 3,000.00 1.07 550.00 36.00 36.00
Iron 7439-89-6 EPA 6010B 5.0 -- -- -- N/A -- 58,700.00 58,700.00
Lead 7439-92-1 EPA 6010B 2.0 250.00 -- -- 1,620.00 220.00 24.00 220.00
Manganese 7439-96-5 EPA 6010B 0.1 -- -- 11,000.00 0.40 23,500.00 1,200.00 1,200.00
Mercury 7439-97-6 EPA 7471A 0.05 2.00 -- 24.00 0.03 0.7 12 0.07 0.07
Molybdenum 7439-98-7 EPA 6010B 0.5 -- -- 400.00 0.02 71.00 -- 0.50
Nickel 7440-02-0 EPA 6010B 1.0 -- -- 1,600.00 10.69 1,850.00 48.00 48.00
Selenium 7782-49-2 EPA 6010B 5.0 -- -- 400.00 7.38 0.80 -- 5.00
Silver 7440-22-4 EPA 6010B 0.3 -- -- 400.00 4,420.00 -- -- 400.00
Strontium 7440-24-6 EPA 6010B 0.1 -- -- 48,000.00 0.004 -- -- 0.10
Thallium 7440-28-0 EPA 6010B 5.0 -- -- 5.60 0.67 -- -- 5.00
Titanium 7440-32-6 EPA 6010B 0.5 -- -- -- No CLARC13 -- -- --
Vanadium 7440-62-2 EPA 6010B 0.3 -- -- 560.00 N/A -- -- 560.00
Zinc 7440-66-6 EPA 6010B 1.0 -- -- 24,000.00 100.80 570.00 85.00 100.80

TPH
TPH - Hydrocarbon identification NA Ecology NWTPH-HCID 100 -- -- -- --
TPH - Diesel range NA Ecology NWTPH-Dx 5 2,000.00 -- -- N/A 15,000.00 -- 2,000.00
TPH - Heavy oil range NA Ecology NWTPH-Dx 10 2,000.00 -- -- N/A -- -- 2,000.00
TPH - Gasoline range NA Ecology NWTPH-Gx 5 30.00 -- -- N/A 12,000.00 -- 30.00

SVOCs
1-Methylnaphthalene 90-12-0 EPA 8270D 0.067 -- -- 24.00 N/A -- -- 24.00
2,4,5-Trichlorophenol 95-95-4 EPA 8270D 0.33 -- -- 8,000.00 129.60 -- -- 129.60
2,4,6-Trichlorophenol 88-06-2 EPA 8270D 0.33 -- 91.00 -- 0.03 -- -- 0.33
2,4-Dichlorophenol 120-83-2 EPA 8270D 0.33 -- -- 240.00 1.33 -- -- 1.33
2,4-Dimethylphenol 105-67-9 EPA 8270D 0.067 -- -- 1,600.00 2.20 -- -- 2.20
2,4-Dinitrophenol 51-28-5 EPA 8270D 0.67 -- -- 160.00 14.00 -- -- 14.00
2,4-Dinitrotoluene 121-14-2 EPA 8270D 0.33 -- -- 160.00 0.02 -- -- 0.33
2,6-Dinitrotoluene 606-20-2 EPA 8270D 0.33 -- -- 80.00 N/A -- -- 80.00
2-Chloronaphthalene 91-58-7 EPA 8270D 0.067 -- -- -- 4.00 -- -- 4.00

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 3 and 4

AMEC Geomatrix, Inc.
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
Simplified TEE - 

Industrial or 
Commercial Site6

Puget Sound
Soil Natural
Background

(Ecology, 1994)7 PSL8

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

SVOCs (Continued)
2-Chlorophenol 95-57-8 EPA 8270D 0.067 -- -- 400.00 38,150.00 -- -- 400.00
2-Methylnaphthalene 91-57-6 EPA 8270D 0.067 -- -- 320.00 N/A -- -- 320.00
2-Methylphenol 95-48-7 EPA 8270D 0.067 -- -- 4,000.00 N/A -- -- 4,000.00
2-Nitroaniline 88-74-4 EPA 8270D 0.33 -- -- -- N/A -- -- --
2-Nitrophenol 88-75-5 EPA 8270D 0.33 -- -- -- No CLARC -- -- --
3-Nitroaniline 99-09-2 EPA 8270D 0.33 -- -- -- No CLARC -- -- --
3,3'-Dichlorobenzidine 91-94-1 EPA 8270D 0.33 -- 2.20 -- 0.0005152 -- -- 0.33
4,6-Dinitro-2-methylphenol 534-52-1 EPA 8270D 0.67 -- -- -- No CLARC -- -- --
4-Bromophenyl phenyl ether 101-55-3 EPA 8270D 0.067 -- -- -- No CLARC -- -- --
4-Chloro-3-methylphenol 59-50-7 EPA 8270D 0.33 -- -- -- No CLARC -- -- --
4-Chloroaniline 106-47-8 EPA 8270D 0.33 -- -- 320.00 N/A -- -- 320.00
4-Chlorophenyl phenyl ether 7005-72-3 EPA 8270D 0.067 -- -- -- No CLARC -- -- --
4-Methylphenol (p-cresol) 106-44-5 EPA 8270D 0.067 -- -- 400.00 N/A -- -- 400.00
4-Nitroaniline 100-01-6 EPA 8270D 0.33 -- -- -- No CLARC -- -- --
4-Nitrophenol 100-02-7 EPA 8270D 0.33 -- -- -- No CLARC -- -- --
Acenaphthene 83-32-9 EPA 8270-SIM 0.067 -- -- 4,800.00 65.29 -- -- 65.29
Acenaphthylene 208-96-8 EPA 8270-SIM 0.067 -- -- -- N/A -- -- --
Aniline 62-53-3 EPA 8270D 0.067 -- 180.00 -- N/A -- -- 180.00
Anthracene 120-12-7 EPA 8270-SIM 0.067 -- -- 24,000.00 133,700.00 -- -- 24,000.00
Benzidine 92-87-5 EPA 8270D 0.67 -- 0.0043 240.00 0.0000008 -- -- 0.67
Benzo(a)anthracene 56-55-3 EPA 8270-SIM 0.067 -- -- -- 0.13 -- -- 0.13
Benzo(a)pyrene 50-32-8 EPA 8270-SIM 0.067 0.10 0.14 -- 0.35 300.00 -- 0.10
Benzo(b)fluoranthene 205-99-2 EPA 8270-SIM 0.067 -- -- -- 0.58 -- -- 0.58
Benzo(ghi)perylene 191-24-2 EPA 8270-SIM 0.067 -- -- -- N/A -- -- --
Benzo(k)fluoranthene 207-08-9 EPA 8270-SIM 0.067 -- -- -- 0.43 -- -- 0.43
Benzoic acid 65-85-0 EPA 8270D 0.67 -- -- 320,000.00 N/A -- -- 320,000.00
Benzyl alcohol 100-51-6 EPA 8270D 0.33 -- -- 24,000.00 N/A -- -- 24,000.00
Bis(2-chloroethoxy)methane 111-91-1 EPA 8270D 0.067 -- -- -- No CLARC -- -- --
Bis-(2-chloroethyl) ether 111-44-4 EPA 8270D 0.067 -- 0.91 -- 0.002926 -- -- 0.07

   Bis(2-chloroisopropyl) ether
   [2,2'-oxybis(1-chloropropane)] 108-60-1 EPA 8270D 0.067 -- -- 3,200.00 168.00 -- -- 168.00

Bis(2-ethylhexyl) phthalate 117-81-7 EPA 8270D 0.067 -- 71.00 1,600.00 4.85 -- -- 4.85
Butyl benzyl phthalate 85-68-7 EPA 8270D 0.067 -- -- 16,000.00 369.20 -- -- 369.20
Carbaryl 63-25-2 EPA 8270D 0.4 -- -- 8,000.00 N/A -- -- 8,000.00
Carbazole 86-74-8 EPA 8270D 0.067 -- 50.00 -- N/A -- -- 50.00
Chrysene 218-01-9 EPA 8270-SIM 0.067 -- -- -- 0.14 -- -- 0.14
Dibenzo(a,h)anthracene 53-70-3 EPA 8270-SIM 0.067 -- -- -- 0.65 -- -- 0.65
Dibenzofuran 132-64-9 EPA 8270D 0.067 -- -- 160.00 N/A -- -- 160.00

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 3 and 4

AMEC Geomatrix, Inc.
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
Simplified TEE - 

Industrial or 
Commercial Site6

Puget Sound
Soil Natural
Background

(Ecology, 1994)7 PSL8

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

SVOCs (Continued)
Diethyl phthalate 84-66-2 EPA 8270D 0.067 -- -- 64,000.00 157.90 -- -- 157.90
Dimethyl phthalate 131-11-3 EPA 8270D 0.067 -- -- 80,000.00 288.00 -- -- 288.00
Di-n-butyl phthalate 84-74-2 EPA 8270D 0.067 -- -- 8,000.00 104.40 -- -- 104.40
Di-n-octyl phthalate 117-84-0 EPA 8270D 0.067 -- -- 1,600.00 N/A -- -- 1,600.00
Fluoranthene 206-44-0 EPA 8270-SIM 0.067 -- -- 3,200.00 88.56 -- -- 88.56
Fluorene 86-73-7 EPA 8270-SIM 0.067 -- -- 3,200.00 553.00 -- -- 553.00
Hexachlorobenzene 118-74-1 EPA 8270D 0.067 -- 0.63 64.00 0.0004652 31.00 -- 0.07
Hexachlorobutadiene 87-58-3 EPA 8270D 0.067 -- 13.00 16.00 No CLARC -- -- 13.00
Hexachlorocyclopentadiene 77-47-4 EPA 8270D 0.33 -- -- 480.00 4,406.00 -- -- 480.00
Hexachloroethane 67-72-1 EPA 8270D 0.067 -- 71.00 80.00 0.13 -- -- 0.13
Indeno(1,2,3-cd)pyrene 193-39-5 EPA 8270-SIM 0.067 -- -- -- 1.26 -- -- 1.26
Isophorone 78-59-1 EPA 8270D 0.067 -- 1,100.00 16,000.00 2.41 -- -- 2.41
Naphthalene 91-20-3 EPA 8270-SIM 0.067 5.00 -- 1,600.00 137.40 -- -- 5.00
Nitrobenzene 98-95-3 EPA 8270D 0.067 -- -- 40.00 2.88 -- -- 2.88
N-Nitrosodimethylamine 62-75-9 EPA 8270D 0.33 -- -- -- 0.01 -- -- 0.33
N-Nitrosodi-n-propylamine 621-64-7 EPA 8270D 0.330 -- 0.14 -- 0.002285 -- -- 0.33
N-Nitrosodiphenylamine 86-30-6 EPA 8270D 0.33 -- 200.00 -- 0.18 -- -- 0.33
Pentachlorophenol 87-86-5 EPA 8270D 0.33 -- 8.30 2,400.00 0.05 11.00 -- 0.33
Phenanthrene 85-01-8 EPA 8270-SIM 0.067 -- -- -- N/A -- -- --
Phenol 108-95-2 EPA 8270D 0.067 -- -- 48,000.00 5,038.00 -- -- 5,038.00
Pyrene 129-00-0 EPA 8270-SIM 0.067 -- -- 2,400.00 3,546.00 -- -- 2,400.00
Pyridine 110-86-1 EPA 8270D 0.33 -- -- 80.00 N/A -- -- 80.00

VOCs
1,1,1,2-Tetrachloroethane 630-20-6 EPA 8260B 0.001 -- 38.00 2,400.00 0.02 -- -- 0.02
1,1,1-Trichloroethane 71-55-6 EPA 8260B 0.001 2.00 -- 72,000.00 148,500.00 -- -- 2.00
1,1,2,2-Tetrachloroethane 79-34-5 EPA 8260B 0.001 -- 5.00 -- 0.02 -- -- 0.02
1,1,2-Trichloro-1,2,2-
trifluoroethane 76-13-1 EPA 8260B 0.002 -- -- 2,400,000.00 N/A -- -- 2,400,000.00

1,1,2-Trichloroethane 79-00-5 EPA 8260B 0.001 -- 18.00 320.00 0.09 -- -- 0.09
1,1-Dichloroethane 75-34-3 EPA 8260B 0.001 -- -- 8,000.00 0.02 -- -- 0.02
1,1-Dichloroethene 75-35-4 EPA 8260B 0.001 -- -- 4,000.00 N/A -- -- 4,000.00
1,2,3-Trichlorobenzene 87-61-6 EPA 8260B 0.005 -- -- -- No CLARC -- -- --
1,2,3-Trichloropropane 96-18-4 EPA 8260B 0.002 -- 0.14 480.00 N/A -- -- 0.14
1,2,4-Trichlorobenzene 120-82-1 EPA 8260B 0.005 -- -- 800.00 2.67 -- -- 2.67
1,2,4-Trimethylbenzene 95-63-6 EPA 8260B 0.001 -- -- 4,000.00 N/A -- -- 4,000.00
1,2-Dibromo-3-chloropropane 96-12-8 EPA 8260B 0.005 -- 0.71 -- N/A -- -- 0.71
1,2-Dibromoethane 106-93-4 EPA 8260B 0.001 0.01 0.01 -- N/A -- -- 0.01
1,2-Dichlorobenzene 95-50-1 EPA 8260B 0.001 -- -- 7,200.00 15.26 -- -- 15.26
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
Simplified TEE - 

Industrial or 
Commercial Site6

Puget Sound
Soil Natural
Background

(Ecology, 1994)7 PSL8

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

VOCs (Continued)
1,2-Dichloroethane 107-06-2 EPA 8260B 0.001 -- 11.00 1,600.00 0.18 -- -- 0.18
1,2-Dichloropropane 78-87-5 EPA 8260B 0.001 -- 15.00 -- 0.08 -- -- 0.08
1,3,5-Trimethylbenzene 108-67-8 EPA 8260B 0.001 -- -- 4,000.00 N/A -- -- 4,000.00
1,3-Dichlorobenzene 541-73-1 EPA 8260B 0.001 -- -- -- 3.85 -- -- 3.85
1,4-Dichlorobenzene 106-46-7 EPA 8260B 0.001 -- 42.00 -- 0.08 -- -- 0.08
2-Butanone 78-93-3 EPA 8260B 0.005 -- -- 48,000.00 N/A -- -- 48,000.00
2-Chloroethyl vinyl ether 110-75-8 EPA 8260B 0.005 -- -- -- No CLARC -- -- --
2-Hexanone 591-78-6 EPA 8260B 0.005 -- -- -- No CLARC -- -- --
4-Chlorotoluene 106-43-4 EPA 8260B 0.001 -- -- -- No CLARC -- -- --
4-Methyl-2-pentanone 108-10-1 EPA 8260B 0.005 -- -- 6,400.00 N/A -- -- 6,400.00
Acetone 67-64-1 EPA 8260B 0.005 -- -- 8,000.00 N/A -- -- 8,000.00
Acrylonitrile 107-13-1 EPA 8260B 0.005 -- 1.90 80.00 0.001 -- -- 0.01
Benzene 71-43-2 EPA 8260B 0.001 0.03 18.00 320.00 0.13 -- -- 0.03
Bromobenzene 108-86-1 EPA 8260B 0.001 -- -- -- No CLARC -- -- --
Bromodichloromethane 75-27-4 EPA 8260B 0.001 -- 16.00 1,600.00 0.09 -- -- 0.09
Bromoform 75-25-2 EPA 8260B 0.001 -- 130.00 1,600.00 0.93 -- -- 0.93
Bromomethane 74-83-9 EPA 8260B 0.001 -- -- 110.00 4.49 -- -- 4.49
Carbon disulfide 75-15-0 EPA 8260B 0.001 -- -- 8,000.00 N/A -- -- 8,000.00
Carbon tetrachloride 56-23-5 EPA 8260B 0.001 -- 7.70 56.00 0.01 -- -- 0.01
Chlorobenzene 108-90-7 EPA 8260B 0.001 -- -- 1,600.00 13.86 -- -- 13.86
Chloroethane 75-00-3 EPA 8260B 0.001 -- 350.00 32,000.00 N/A -- -- 350.00
Chloroform 67-66-3 EPA 8260B 0.001 -- 160.00 800.00 1.49 -- -- 1.49
Chloromethane 74-87-3 EPA 8260B 0.001 -- 77.00 -- 0.54 -- -- 0.54
cis-1,2-Dichloroethene 156-59-2 EPA 8260B 0.001 -- -- 800.00 N/A -- -- 800.00
cis-1,3-Dichloropropene 10061-01-5 EPA 8260B 0.001 -- -- -- No CLARC -- -- --
Dibromochloromethane 124-48-1 EPA 8260B 0.001 -- 12.00 1,600.00 0.07 -- -- 0.07
Dichlorodifluoromethane 75-71-8 EPA 8260B 0.001 -- -- 16,000.00 N/A -- -- 16,000.00
Diethyl ether 60-29-7 -- -- -- -- -- -- -- -- --
Ethylbenzene 100-41-4 EPA 8260B 0.001 6.00 -- 8,000.00 17.96 -- -- 6.00
Hexachlorobutadiene 87-68-3 EPA 8260B 0.005 -- 13.00 16.00 19.52 -- -- 13.00
Isopropylbenzene (cumene) 98-82-8 EPA 8260B 0.001 -- -- 8,000.00 N/A -- -- 8,000.00
m,p-Xylenes 1330-20-7 EPA 8260B 0.001 9.00 -- 16,000.00 N/A -- -- 9.00
Methyl tert-butyl ether 1634-04-4 EPA 8260B 0.001 0.10 560.00 69,000.00 N/A -- -- 0.10
Methylene chloride 75-09-2 EPA 8260B 0.002 0.02 130.00 4,800.00 2.57 -- -- 0.02
n-Butylbenzene 104-51-8 EPA 8260B 0.001 -- -- -- N/A -- -- --
n-Propylbenzene 103-65-1 EPA 8260B 0.001 -- -- -- N/A -- -- --
o-Chlorotoluene 95-49-8 EPA 8260B 0.001 -- -- 1,600.00 N/A -- -- 1,600.00
o-Xylene 95-47-6 EPA 8260B 0.001 -- -- 160,000.00 N/A -- -- 160,000.00
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
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Industrial or 
Commercial Site6

Puget Sound
Soil Natural
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(Ecology, 1994)7 PSL8

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

VOCs (Continued)
p-Isopropyltoluene 99-87-6 EPA 8260B 0.001 -- -- -- No CLARC -- -- --
sec-Butylbenzene 135-98-8 EPA 8260B 0.001 -- -- -- N/A -- -- --
Styrene 100-42-5 EPA 8260B 0.001 -- 33.00 16,000.00 N/A -- -- 33.00
tert-Butylbenzene 98-06-6 EPA 8260B 0.001 -- -- -- N/A -- -- --
Tetrachloroethene 127-18-4 EPA 8260B 0.001 0.05 1.90 800.00 0.004173 -- -- 0.004173
Toluene 108-88-3 EPA 8260B 0.001 7.00 -- 6,400.00 190.00 -- -- 7.00
trans-1,2-Dichloroethene 156-60-5 EPA 8260B 0.001 -- -- 1,600.00 54.36 -- -- 54.36
trans-1,3-Dichloropropene 10061-02-6 EPA 8260B 0.001 -- -- -- No CLARC -- -- --
Trichloroethene 79-01-6 EPA 8260B 0.001 0.03 2.50 24.00 0.01 -- -- 0.01
Trichlorofluoromethane 75-69-4 EPA 8260B 0.001 -- -- 24,000.00 N/A -- -- 24,000.00
Vinyl chloride 75-01-4 EPA 8260B 0.001 -- 0.67 240.00 0.02 -- -- 0.02

PCBs
Aroclor 1016 12674-11-2 EPA 8082 low level 0.004 -- -- 5.60 0.01 -- 0.01
Aroclor 1221 11104-28-2 EPA 8082 low level 0.004 -- -- -- No CLARC -- --
Aroclor 1232 11141-16-5 EPA 8082 low level 0.004 -- -- -- No CLARC -- --
Aroclor 1242 53469-21-9 EPA 8082 low level 0.004 -- -- -- No CLARC -- --
Aroclor 1248 12672-29-6 EPA 8082 low level 0.004 -- -- -- No CLARC -- --
Aroclor 1254 11097-69-1 EPA 8082 low level 0.004 -- -- 1.60 0.0000068 -- 0.0040
Aroclor 1260 11096-82-5 EPA 8082 low level 0.004 -- -- -- 0.49 -- 0.49
Total polychlorinated biphenyls 1336-36-3 EPA 8082 low level 0.028 1.00 0.50 -- 0.000397 2.00 -- 0.03

Pesticides (Organochlorine)
Aldrin 309-00-2 EPA 8081 0.0017 -- 0.06 2.40 0.0000492 0.17 -- 0.0017
Chlordane 57-74-9 EPA 8081 0.0017 -- 2.90 40.00 0.0006042 7.00 -- 0.0017
4,4'-DDD 72-54-8 EPA 8081 0.0033 -- 4.20 -- 0.0002864 1.00 -- 0.0033
4,4'-DDE 72-55-9 EPA 8081 0.0033 -- 2.90 -- 0.0003793 1.00 -- 0.0033
4,4'-DDT 50-29-3 EPA 8081 0.0033 3.00 2.90 40.00 0.0029930 1.00 -- 0.0033
Dieldrin 60-57-1 EPA 8081 0.0033 -- 0.06 4.00 0.0000283 0.17 -- 0.0033
Endosulfan I 959-98-8 EPA 8081 0.0017 -- -- -- No CLARC -- -- --
Endosulfan II 33213-65-9 EPA 8081 0.0033 -- -- -- No CLARC -- -- --
Endosulfan sulfate 1031-07-8 EPA 8081 0.0033 -- -- -- No CLARC -- -- --
Endrin 72-20-8 EPA 8081 0.0033 -- -- 24.00 0.0005152 0.40 -- 0.0033
Endrin aldehyde 7421-93-4 EPA 8081 0.0033 -- -- -- No CLARC -- -- --
Endrin ketone 53494-70-5 EPA 8081 0.0033 -- -- -- No CLARC -- -- --
Heptachlor 76-44-8 EPA 8081 0.0017 -- 0.22 40.00 0.0000153 -- -- 0.0017
Heptachlor epoxide 1024-57-3 EPA 8081 0.0017 -- 0.11 1.00 0.0027010 0.60 -- 0.0027
a-Hexachlorocyclohexane 319-84-6 EPA 8081 0.0017 -- 0.16 -- 0.0001960 -- -- 0.0017
b-Hexachlorocyclohexane 319-85-7 EPA 8081 0.0017 -- 0.56 -- 0.0007820 -- -- 0.0017
c-Hexachlorocyclohexane 319-86-8 EPA 8081 0.0017 -- -- -- 0.0001640 -- -- 0.0017

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 3 and 4

AMEC Geomatrix, Inc.
Page 5 of 6



Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit (PQL)4

MTCA
Method A,

Unrestricted
Land Use

MTCA
Method B,

Carcinogen

MTCA
Method B,

Noncarcinogen

MTCA Method B
Protective of

Groundwater as
Marine Surface Water5

Sites that Qualify for 
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Industrial or 
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Puget Sound
Soil Natural
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(Ecology, 1994)7 PSL8

TABLE 3

SUMMARY OF SOIL SCREENING LEVELS
March Point (Whitmarsh) Landfill

Skagit County, Washington

concentrations in milligrams per kilogram (mg/kg)

Lindane 58-89-9 EPA 8081 0.0017 0.01 0.77 24.00 0.0012160 10.00 -- 0.0017
Methoxylchlor 72-43-5 EPA 8081 0.017 -- -- 400.00 0.0481200 -- -- 0.05
Toxaphene 8001-35-2 EPA 8081 0.17 -- 0.91 -- 0.0003848 -- -- 0.17

Other
Ammonia 7664-41-7 SM 4500-NH3 D-97 0.1 -- -- -- 0.14 -- -- 0.14

Phosphorus 7723-14-0 EPA 365.2/
SM 4500-PB 0.4 -- -- 1.60 0.0004 -- -- 0.40

Notes Abbreviations
CAS = Chemical Abstracts Service

2.  Analytes that have been detected at the site that are not listed in this table include chloride, sulfate, ferrous iron, DOC, total organic CLARC = Cleanup Levels and Risk Calculations
  carbon, total suspended solids, total dissolved solids, calcium, magnesium, potassium, sodium, tellurium, and dibenzothiophene. DOC = dissolved organic carbon

3.  Method numbers refer to EPA SW-846 Analytical Methods, Washington State Department of Ecology (Ecology) recommended EPA = U.S. Environmental Protection Agency
  analytical methods, or Standard Methods (SM) for the Examination of Water and Wastewater. MTCA = Model Toxics Control Act

4.  Reporting limits based on wet weight and will be slightly higher on a dry weight basis, including matrix interference. PCBs = polychlorinated biphenyls
5.  Calculated using fixed-parameter three-phase partitioning model, WAC 173-340-747(4). PQL = practical quantitation limit. 
6.  TEE values are from Table 479-2 of the MTCA regulations (WAC 173-340-900). PSL = preliminary screening level
7.  ***  Background level for chromium is level calculated for the Custom Plywood site. SIM = selective ion monitoring
8.  PSL was chosen as the lower of the MTCA Method A cleanup levels, MTCA Method B cleanup levels, and TEE cleanup level for industrial and SVOCs = semivolatile organic compounds
     commercial sites, unless natural background concentration and/or available laboratory PQL values were higher.  In those cases, PSL was set TEE = terrestrial ecological evaluation
     to the natural background concentration or the PQL.  The PSL shown is the screening level used in Table 10. TPH = total petroleum hydrocarbons
9.  -- = No value available. VOCs = volatile organic compounds
10.  N/A = No surface water screening levels in CLARC database (Ecology, 2008); no soil screening level calculated. WAC = Washington Administrative Code
11. TEE values are for speciated arsenic; the lower value for arsenic (III) is used.  The arsenic (V) value is 95 mg/kg.
12. TEE value is for organic mercury; inorganic mercury value is 9 mg/kg.
13.  No CLARC = Analyte not listed in CLARC database.

1.  Shaded analytes have been previously detected at/around the site.

Pesticides (Organochlorine) (Continued)

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 3 and 4

AMEC Geomatrix, Inc.
Page 6 of 6



Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit 
(PQL)

Groundwater
MTCA

Method A

Groundwater
MTCA

Method B,
Carcinogen

Groundwater
MTCA

Method B,
Non-Carcinogen

Aquatic Life -
Marine/Chronic -

Ch.173-201A
WAC

Aquatic Life -
Marine/Chronic -

Clean Water
Act 304

Aquatic Life -
Marine/Chronic -
National Toxics
Rule 40 CFR 131

Human Health -
Marine -

Clean Water
Act 304

Human Health -
Marine - National

Toxics Rule,
40 CFR 131

Surface Water
MTCA Method B,

Carcinogen

Surface Water
MTCA Method B,
Non-Carcinogen PSL4

Dissolved Metals
Aluminum 7429-90-5 EPA 6010B 50 --5 -- -- -- -- -- -- -- -- -- --
Antimony 7440-36-0 EPA 6010B 50 -- -- 6.40 -- -- -- 640.00 4,300.00 -- 1,000.00 640.00
Arsenic 7440-38-2 EPA 6020 0.2 5 0.06 4.80 36.00 36.00 36.00 0.14 0.14 0.10 18.00 0.20
Barium 7440-39-3 EPA 6010B 3.0 -- -- 3,200.00 -- -- -- -- -- -- --
Beryllium 7440-41-7 EPA 6010B 1.0 -- -- 32.00 -- -- -- -- -- -- 270.00 270.00
Cadmium 7440-43-9 EPA 6010B 2.0 5 -- 8.00 9.30 8.80 9.30 -- -- -- 20.00 8.80
Chromium 7440-47-3 EPA 6010B 5.0 50 -- 24,000.00 -- -- -- -- -- -- 240,000.00 240,000.00
Copper 7440-50-8 EPA 6010B 2.0 -- -- 590.00 3.10 3.10 2.40 -- -- -- 2,700.00 2.40
Iron 7439-89-6 EPA 6010B 50 -- -- -- -- -- -- -- -- -- -- --
Lead 7439-92-1 EPA 7421 1.0 15 -- -- 8.10 8.10 8.10 -- -- -- -- 8.10
Manganese 7439-96-5 EPA 6010B 1.0 -- -- 2,200.00 -- -- -- 100.00 -- -- -- 100.00
Mercury 7439-97-6 EPA 7470A - Low level 0.02 2 -- 4.80 0.03 0.94 0.03 0.30 0.15 -- -- 0.03
Molybdenum 7439-98-7 EPA 6010B 5 -- -- 80.00 -- -- -- -- -- -- -- --
Nickel 7440-02-0 EPA 6020 0.5 -- -- 320.00 8.20 8.20 8.20 4,600.00 4,600.00 -- 1,100.00 8.20
Selenium 7782-49-2 EPA 6010B 50 -- -- 80.00 71.00 71.00 71.00 4,200.00 -- -- 2,700.00 71.00
Silver 7440-22-4 EPA 6010B 3.0 -- -- 80.00 -- -- -- -- -- -- 26,000.00 26,000.00
Strontium 7440-24-6 EPA 6010B 1.0 -- -- 9,600.00 -- -- -- -- -- -- -- --
Thallium 7440-28-0 EPA 7841 0.2 -- -- 1.10 -- -- -- 0.47 6.30 -- 1.60 0.47
Titanium 7440-32-6 EA 6010B 5.0 -- -- -- -- -- -- -- -- -- -- --
Vanadium 7440-62-2 EPA 6010B 3.0 -- -- 110.00 -- -- -- -- -- -- -- --
Zinc 7440-66-6 EPA 6010B 10 -- -- 4,800.00 81.00 81.00 81.00 26,000.00 -- -- 17,000.00 81.00

TPH
TPH - Hydrocarbon Identification NA Ecology NWTPH-HCID 630 -- -- -- -- -- -- -- -- -- -- --
TPH - Diesel range NA Ecology NWTPH-Dx 250 500 -- -- -- -- -- -- -- -- -- --
TPH - Heavy oil range NA Ecology NWTPH-Dx 500 500 -- -- -- -- -- -- -- -- -- --
TPH - Gasoline NA Ecology NWTPH-Gx 250 800 -- -- -- -- -- -- -- -- -- --

SVOCs
1-Methylnaphthalene 90-12-0 EPA 8270D 1.0 -- -- 2.40 -- -- -- -- -- -- -- --
2,4,5-Trichlorophenol 95-95-4 EPA 8270D 5.0 -- -- 800.00 -- -- -- 3,600.00 -- -- -- 3,600.00
2,4,6-Trichlorophenol 88-06-2 EPA 8270D 5.0 -- 4.00 -- -- -- -- 2.40 6.50 3.90 -- 5.00
2,4-Dichlorophenol 120-83-2 EPA 8270D 5.0 -- -- 24.00 -- -- -- 290.00 790.00 -- 190.00 190.00
2,4-Dimethylphenol 105-67-9 EPA 8270D 1.0 -- -- 160.00 -- -- -- 850.00 -- -- 550.00 550.00
2,4-Dinitrophenol 51-28-5 EPA 8270D 10.0 -- -- 32.00 -- -- -- 5,300.00 14,000.00 -- 3,500.00 3,500.00
2,4-Dinitrotoluene 121-14-2 EPA 8270D 5.0 -- -- 32.00 -- -- -- 3.40 9.10 -- 1,400.00 5.00
2,6-Dinitrotoluene 606-20-2 EPA 8270D 5.0 -- -- 16.00 -- -- -- -- -- -- -- --
2-Chloronaphthalene 91-58-7 EPA 8270D 1.0 -- -- 640.00 -- -- -- 1,600.00 -- -- 1,000.00 1,000.00
2-Chlorophenol 95-57-8 EPA 8270D 1.0 -- -- 40.00 -- -- -- -- -- -- 97.00 97.00
2-Methylnaphthalene 91-57-6 EPA 8270D 1.0 -- -- 32.00 -- -- -- -- -- -- -- --
2-Methylphenol 95-48-7 EPA 8270D 1.0 -- -- 400.00 -- -- -- -- -- -- -- --
2-Nitroaniline 88-74-4 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
2-Nitrophenol 88-75-5 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
3-Nitroaniline 99-09-2 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
3,3'-Dichlorobenzidine 91-94-1 EPA 8270D 5.0 -- 0.19 -- -- -- -- 0.03 0.08 0.05 -- 5.00
4,6-Dinitro-2-methylphenol 534-52-1 EPA 8270D 10.0 -- -- -- -- -- -- -- -- -- -- --
4-Bromophenyl phenyl ether 101-55-3 EPA 8270D 1.0 -- -- -- -- -- -- -- -- -- -- --
4-Chloro-3-methylphenol 59-50-7 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
4-Chloroaniline 106-47-8 EPA 8270D 5.0 -- -- 32.00 -- -- -- -- -- -- -- --
4-Chlorophenyl phenyl ether 7005-72-3 EPA 8270D 1.0 -- -- -- -- -- -- -- -- -- -- --

TABLE 4

Concentrations in micrograms per liter (µg/L)

Skagit County, Washington
March Point (Whitmarsh) Landfill

SUMMARY OF GROUNDWATER AND SURFACE WATER SCREENING LEVELS
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit 
(PQL)

Groundwater
MTCA

Method A

Groundwater
MTCA

Method B,
Carcinogen

Groundwater
MTCA

Method B,
Non-Carcinogen

Aquatic Life -
Marine/Chronic -

Ch.173-201A
WAC

Aquatic Life -
Marine/Chronic -

Clean Water
Act 304

Aquatic Life -
Marine/Chronic -
National Toxics
Rule 40 CFR 131

Human Health -
Marine -

Clean Water
Act 304

Human Health -
Marine - National

Toxics Rule,
40 CFR 131

Surface Water
MTCA Method B,

Carcinogen

Surface Water
MTCA Method B,
Non-Carcinogen PSL4

TABLE 4

Concentrations in micrograms per liter (µg/L)

Skagit County, Washington
March Point (Whitmarsh) Landfill

SUMMARY OF GROUNDWATER AND SURFACE WATER SCREENING LEVELS

SVOCs (Continued)
4-Methylphenol (p-cresol) 106-44-5 EPA 8270D 1.0 -- -- 40.00 -- -- -- -- -- -- -- --
4-Nitroaniline 100-01-6 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
4-Nitrophenol 100-02-7 EPA 8270D 5.0 -- -- -- -- -- -- -- -- -- -- --
Acenaphthene 83-32-9 EPA 8270-SIM 0.01 -- -- 960.00 -- -- -- 990.00 -- -- 640.00 640.00
Acenaphthylene 208-96-8 EPA 8270-SIM 0.01 -- -- -- -- -- -- -- -- -- -- --
Aniline 62-53-3 EPA 8270D 1.0 -- 7.70 -- -- -- -- -- -- -- -- --
Anthracene 120-12-7 EPA 8270-SIM 0.01 -- -- 4,800.00 -- -- -- 40,000.00 110,000.00 -- 26,000.00 26,000.00
Benzidine 92-87-5 EPA 8270D 10.0 -- 0.00 48.00 -- -- -- 0.00 0.00 0.00 89.00 10.00
Benzo(a)anthracene 56-55-3 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Benzo(a)pyrene 50-32-8 EPA 8270-SIM 0.01 0.1 0.01 -- -- -- -- 0.02 0.03 0.03  0.02
Benzo(b)fluoranthene 205-99-2 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Benzo(ghi)perylene 191-24-2 EPA 8270-SIM 0.01 -- -- -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 207-08-9 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Benzoic acid 65-85-0 EPA 8270D 10.0 -- -- 64,000.00 -- -- -- -- -- -- -- --
Benzyl alcohol 100-51-6 EPA 8270D 5.0 -- -- 2,400.00 -- -- -- -- -- -- -- --
Bis(2-chloroethoxy)methane 111-91-1 EPA 8270D 1.0 -- -- -- -- -- -- -- -- -- -- --
Bis(2-chloroethyl) ether 111-44-4 EPA 8270D 1.0 -- 0.04 -- -- -- -- 0.53 1.40 0.85 -- 1.00
Bis(2-chloroisopropyl) ether 
[2,2'-oxybis(1-chloropropane)] 108-60-1 EPA 8270D 1.0 -- -- 320.00 -- -- -- 65,000.00 170,000.00 -- 42,000.00 42,000.00
Bis(2-ethylhexyl) phthalate 117-81-7 EPA 8270D 1.0 -- 6.30 320.00 -- -- -- 2.20 5.90 3.60 400.00 2.20
Butyl benzyl phthalate 85-68-7 EPA 8270D 1.0 -- -- 3,200.00 -- -- -- 1,900.00 -- -- 1,300.00 1,300.00
Carbaryl 63-25-2 EPA 8270D 20 -- -- 1,600.00 -- -- -- -- -- -- -- --
Carbazole 86-74-8 EPA 8270D 1.0 -- 4.40 -- -- -- -- -- -- -- -- --
Chrysene 218-01-9 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Dibenzo(a,h)anthracene 53-70-3 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Dibenzofuran 132-64-9 EPA 8270D 1.0 -- -- 32.00 -- -- -- -- -- -- -- --
Diethyl phthalate 84-66-2 EPA 8270D 1.0 -- -- 13,000.00 -- -- -- 44,000.00 120,000.00 -- 28,000.00 28,000.00
Dimethyl phthalate 131-11-3 EPA 8270D 1.0 -- -- 16,000.00 -- -- -- 1,100,000.00 2,900,000.00 -- 72,000.00 72,000.00
Di-n-butyl phthalate 84-74-2 EPA 8270D 1.0 -- -- 1,600.00 -- -- -- 4,500.00 12,000.00 -- 2,900.00 2,900.00
Di-n-octyl phthalate 117-84-0 EPA 8270D 1.0 -- -- 320.00 -- -- -- -- -- -- -- --
Fluoranthene 206-44-0 EPA 8270-SIM 0.01 -- -- 640.00 -- -- -- 140.00 370.00 -- 90.00 90.00
Fluorene 86-73-7 EPA 8270-SIM 0.01 -- -- 640.00 -- -- -- 5,300.00 14,000.00 -- 3,500.00 3,500.00
Hexachlorobenzene 118-74-1 EPA 8270D 1.0 -- 0.06 13.00 -- -- -- 0.00 0.00 0.00 0.24 1.00
Hexachlorobutadiene 87-58-3 EPA 8270D 1.0 -- -- -- -- -- -- 18.00 50.00 30.00 190.00 18.00
Hexachlorocyclopentadiene 77-47-4 EPA 8270D 5.0 -- -- 48.00 -- -- -- 1,100.00 17,000.00 -- 3,600.00 1,100.00
Hexachloroethane 67-72-1 EPA 8270D 1.0 -- 3.10 8.00 -- -- -- 3.30 8.90 5.30 30.00 3.30
Indeno(1,2,3-cd)pyrene 193-39-5 EPA 8270-SIM 0.01 -- -- -- -- -- -- 0.02 0.03 -- -- 0.02
Isophorone 78-59-1 EPA 8270D 1.0 -- 46.00 1,600.00 -- -- -- 960.00 600.00 1,600.00 120,000.00 600.00
Naphthalene 91-20-3 EPA 8270-SIM 0.01 160 -- 160.00 -- -- -- -- -- -- 4,900.00 4,900.00
Nitrobenzene 98-95-3 EPA 8270D 1.0 -- -- 4.00 -- -- -- 690.00 1,900.00 -- 450.00 450.00
N-Nitrosodimethylamine 62-75-9 EPA 8270D 5.0 -- 0.00 -- -- -- -- 3.00 8.10 4.90 -- 5.00
N-Nitrosodi-n-propylamine 621-64-7 EPA 8270D 5.0 -- -- -- -- -- -- 0.51  0.82 -- 5.00
N-Nitrosodiphenylamine 86-30-6 EPA 8270D 1.0 -- -- -- -- -- -- 6.00 16.00 9.70 -- 6.00
Pentachlorophenol 87-86-5 EPA 8270D 5.0 -- 0.73 480.00 7.90 7.90 7.90 3.00 8.20 4.90 7,100.00 5.00
Phenanthrene 85-01-8 EPA 8270-SIM 0.01 -- -- -- -- -- -- -- -- -- -- --
Phenol 108-95-2 EPA 8270D 1.0 -- -- 4,800.00 -- -- -- 1,700,000.00 4,600,000.00 -- 1,100,000.00 1,100,000.00
Pyrene 129-00-0 EPA 8270-SIM 0.01 -- -- 480.00 -- -- -- 4,000.00 11,000.00 -- 2,600.00 2,600.00
Pyridine 110-86-1 EPA 8270D 5.0 -- -- 8.00 -- -- -- -- -- -- -- --
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit 
(PQL)

Groundwater
MTCA

Method A

Groundwater
MTCA

Method B,
Carcinogen

Groundwater
MTCA

Method B,
Non-Carcinogen

Aquatic Life -
Marine/Chronic -

Ch.173-201A
WAC

Aquatic Life -
Marine/Chronic -

Clean Water
Act 304

Aquatic Life -
Marine/Chronic -
National Toxics
Rule 40 CFR 131

Human Health -
Marine -

Clean Water
Act 304

Human Health -
Marine - National

Toxics Rule,
40 CFR 131

Surface Water
MTCA Method B,

Carcinogen

Surface Water
MTCA Method B,
Non-Carcinogen PSL4

TABLE 4

Concentrations in micrograms per liter (µg/L)

Skagit County, Washington
March Point (Whitmarsh) Landfill

SUMMARY OF GROUNDWATER AND SURFACE WATER SCREENING LEVELS

VOCs
1,1,1,2-Tetrachloroethane 630-20-6 EPA 8260B 10 mL purge 0.2 -- 1.70 240.00 -- -- -- 4.00 11.00 6.50 -- 4.00
1,1,1-Trichloroethane 71-55-6 EPA 8260B 10 mL purge 0.2 200 -- 7,200.00 -- -- -- -- -- -- 420,000.00 420,000.00
1,1,2,2-Tetrachloroethane 79-34-5 EPA 8260B 10 mL purge 0.2 -- 0.22 -- -- -- -- 4.00 11.00 6.50 -- 4.00
1,1,2-Trichloro-1,2,2-trifluoroethane 76-13-1 EPA 8260B 10 mL purge 0.2 -- -- 240,000.00 -- -- -- -- -- -- -- --
1,1,2-Trichloroethane 79-00-5 EPA 8260B 10 mL purge 0.2 -- 0.77 32.00 -- -- -- 16.00 42.00 25.00 2,300.00 16.00
1,1-Dichloroethane 75-34-3 EPA 8260B 10 mL purge 0.2 -- -- 800.00 -- -- -- 7,100.00 3.20 -- 23,000.00 3.20
1,1-Dichloroethene 75-35-4 EPA 8260B 10 mL purge 0.2 -- -- 400.00 -- -- -- -- -- -- -- --
1,2,3-Trichlorobenzene 87-61-6 EPA 8260B 10 mL purge 0.5 -- -- -- -- -- -- -- -- -- -- --
1,2,3-Trichloropropane 96-18-4 EPA 8260B 10 mL purge 0.5 -- 0.01 48.00 -- -- -- -- -- -- -- --
1,2,4-Trichlorobenzene 120-82-1 EPA 8260B 10 mL purge 0.5 -- -- 80.00 -- -- -- 70.00 -- -- 230.00 70.00
1,2,4-Trimethylbenzene 95-63-6 EPA 8260B 10 mL purge 0.2 -- -- 400.00 -- -- -- -- -- -- -- --
1,2-Dibromo-3-chloropropane 96-12-8 EPA 8260B 10 mL purge 0.5 -- 0.03 -- -- -- -- -- -- -- -- --
1,2-Dibromoethane 106-93-4 EPA 8260B 10 mL purge 0.2 0.01 0.00 -- -- -- -- -- -- -- -- --
1,2-Dichlorobenzene 95-50-1 EPA 8260B 10 mL purge 0.2 -- -- 720.00 -- -- -- 1,300.00 17,000.00 -- 4,200.00 1,300.00
1,2-Dichloroethane 107-06-2 EPA 8260B 10 mL purge 0.2 5 0.48 160.00 -- -- -- 37.00 99.00 59.00 43,000.00 37.00
1,2-Dichloropropane 78-87-5 EPA 8260B 10 mL purge 0.2 -- 0.64 -- -- -- -- 15.00 -- 23.00 -- 15.00
1,3,5-Trimethylbenzene 108-67-8 EPA 8260B 10 mL purge 0.2 -- -- 400.00 -- -- -- -- -- -- -- --
1,3-Dichlorobenzene 541-73-1 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- 960.00 2,600.00 -- -- 960.00
1,4-Dichlorobenzene 106-46-7 EPA 8260B 10 mL purge 0.2 -- 1.80 -- -- -- -- 190.00 2,600.00 4.90 -- 4.90
2-Butanone 78-93-3 EPA 8260B 10 mL purge 2.5 -- -- 4,800.00 -- -- -- -- -- -- -- --
2-Chloroethyl vinyl ether 110-75-8 EPA 8260B 10 mL purge 1.0 -- -- -- -- -- -- -- -- -- -- --
2-Hexanone 591-78-6 EPA 8260B 10 mL purge 2.5 -- -- -- -- -- -- -- -- -- -- --
4-Chlorotoluene 106-43-4 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
4-Methyl-2-pentanone 108-10-1 EPA 8260B 10 mL purge 2.5 -- -- 640.00 -- -- -- -- -- -- -- --
Acetone 67-64-1 EPA 8260B 10 mL purge 2.5 -- -- 800.00 -- -- -- -- -- -- -- --
Acrylonitrile 107-13-1 EPA 8260B 10 mL purge 1.0 -- 0.08 8.00 -- -- -- 0.25 0.66 0.40 86.00 1.00
Benzene 71-43-2 EPA 8260B 10 mL purge 0.2 5 0.80 32.00 -- -- -- 51.00 71.00 23.00 2,000.00 23.00
Bromobenzene 108-86-1 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
Bromodichloromethane 75-27-4 EPA 8260B 10 mL purge 0.2 -- 0.71 160.00 -- -- -- 17.00 22.00 28.00 14,000.00 17.00
Bromoform 75-25-2 EPA 8260B 10 mL purge 0.2 -- 5.50 160.00 -- -- -- 140.00 360.00 220.00 14,000.00 140.00
Bromomethane 74-83-9 EPA 8260B 10 mL purge 0.5 -- -- 11.00 -- -- -- 1,500.00 4,000.00 -- 970.00 970.00
Carbon disulfide 75-15-0 EPA 8260B 10 mL purge 0.2 -- -- 800.00 -- -- -- -- -- -- -- --
Carbon tetrachloride 56-23-5 EPA 8260B 10 mL purge 0.2 -- 0.34 5.60 -- -- -- 1.60 4.40 2.70 97.00 1.60
Chlorobenzene 108-90-7 EPA 8260B 10 mL purge 0.2 -- -- 160.00 -- -- -- 1,600.00 21,000.00 -- 5,000.00 1,600.00
Chloroethane 75-00-3 EPA 8260B 10 mL purge 0.2 -- 15.00 3,200.00 -- -- -- -- -- -- -- --
Chloroform 67-66-3 EPA 8260B 10 mL purge 0.2 -- 7.20 80.00 -- -- -- 470.00 470.00 280.00 6,900.00 280.00
Chloromethane 74-87-3 EPA 8260B 10 mL purge 0.2 -- 3.40 -- -- -- -- -- -- 130.00 -- 130.00
cis-1,2-Dichloroethene 156-59-2 EPA 8260B 10 mL purge 0.2 -- -- 80.00 -- -- -- -- -- -- -- --
cis-1,3-Dichloropropene 10061-01-5 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
Dibromochloromethane 124-48-1 EPA 8260B 10 mL purge 0.2 -- 0.52 160.00 -- -- -- 13.00 34.00 21.00 14,000.00 13.00
Dichlorodifluoromethane 75-71-8 EPA 8260B 10 mL purge 0.2 -- -- 1,600.00 -- -- -- -- -- -- -- --
Diethyl ether 60-29-7 -- -- 1,600.00 -- -- -- -- -- -- -- --
Ethylbenzene 100-41-4 EPA 8260B 10 mL purge 0.2 700 -- 800.00 -- -- -- 2,100.00 29,000.00 -- 6,900.00 2,100.00
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit 
(PQL)

Groundwater
MTCA

Method A

Groundwater
MTCA

Method B,
Carcinogen

Groundwater
MTCA

Method B,
Non-Carcinogen

Aquatic Life -
Marine/Chronic -

Ch.173-201A
WAC

Aquatic Life -
Marine/Chronic -

Clean Water
Act 304

Aquatic Life -
Marine/Chronic -
National Toxics
Rule 40 CFR 131

Human Health -
Marine -

Clean Water
Act 304

Human Health -
Marine - National

Toxics Rule,
40 CFR 131

Surface Water
MTCA Method B,

Carcinogen

Surface Water
MTCA Method B,
Non-Carcinogen PSL4

TABLE 4

Concentrations in micrograms per liter (µg/L)

Skagit County, Washington
March Point (Whitmarsh) Landfill

SUMMARY OF GROUNDWATER AND SURFACE WATER SCREENING LEVELS

VOCs (Continued)
Hexachlorobutadiene 87-68-3 EPA 8260B 10 mL purge 0.5 -- 0.56 1.60 -- -- -- 18.00 50.00 30.00 190.00 18.00
Isopropylbenzene (cumene) 98-82-8 EPA 8260B 10 mL purge 0.2 -- -- 800.00 -- -- -- -- -- -- -- --
m,p-Xylenes 1330-20-7 EPA 8260B 10 mL purge 0.4 1,000 -- 1,600.00 -- -- -- -- -- -- -- --
Methyl tert-butyl ether 1634-04-4 EPA 8260B 10 mL purge 0.5 20 24.00 6,900.00 -- -- -- -- -- -- -- --
Methylene chloride 75-09-2 EPA 8260B 10 mL purge 0.5 5 5.80 480.00 -- -- -- 590.00 1,600.00 960.00 170,000.00 590.00
n-Butylbenzene 104-51-8 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
n-Propylbenzene 103-65-1 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
o-Chlorotoluene 95-49-8 EPA 8260B 10 mL purge 0.2 -- -- 160.00 -- -- -- -- -- -- -- --
o-Xylene 95-47-6 EPA 8260B 10 mL purge 0.2 -- -- 16,000.00 -- -- -- -- -- -- -- --
p-Isopropyltoluene 99-87-6 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
sec-Butylbenzene 135-98-8 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
Styrene 100-42-5 EPA 8260B 10 mL purge 0.2 -- 1.50 1,600.00 -- -- -- -- -- -- -- --
tert-Butylbenzene 98-06-6 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
Tetrachloroethene 127-18-4 EPA 8260B 10 mL purge 0.2 5 0.08 80.00 -- -- -- 3.30 8.90 0.39 840.00 0.39
Toluene 108-88-3 EPA 8260B 10 mL purge 0.2 1,000 -- 640.00 -- -- -- 15,000.00 200,000.00 -- 19,000.00 15,000.00
trans-1,2-Dichloroethene 156-60-5 EPA 8260B 10 mL purge 0.2 -- -- 160.00 -- -- -- 10,000.00 -- -- 33,000.00 10,000.00
trans-1,3-Dichloropropene 10061-02-6 EPA 8260B 10 mL purge 0.2 -- -- -- -- -- -- -- -- -- -- --
Trichloroethene 79-01-6 EPA 8260B 10 mL purge 0.2 5 0.11 2.40 -- -- -- 30.00 81.00 1.50 71.00 1.50
Trichlorofluoromethane 75-69-4 EPA 8260B 10 mL purge 0.2 -- -- 2,400.00 -- -- -- -- -- -- -- --
Vinyl chloride 75-01-4 EPA 8260B 10 mL purge 0.2 0.2 0.03 24.00 -- -- -- 2.40 530.00 3.70 6,600.00 2.40

PCBs
Aroclor 1016 12674-11-2 EPA 8082 low level 0.01 -- -- 1.10 -- -- 0.03 -- -- -- 0.01 0.01
Aroclor 1221 11104-28-2 EPA 8082 low level 0.01 -- -- -- -- -- -- -- -- -- -- --
Aroclor 1232 11141-16-5 EPA 8082 low level 0.01 -- -- -- -- -- -- -- -- -- -- --
Aroclor 1242 53469-21-9 EPA 8082 low level 0.01 -- -- -- -- -- -- -- -- -- -- --
Aroclor 1248 12672-29-6 EPA 8082 low level 0.01 -- -- -- -- -- -- -- -- -- -- --
Aroclor 1254 11097-69-1 EPA 8082 low level 0.01 -- -- 0.32 -- -- 0.03 -- -- -- 0.00 0.01
Aroclor 1260 11096-82-5 EPA 8082 low level 0.01 -- -- -- -- -- 0.03 -- -- -- -- 0.03
Total polychlorinated biphenyls (PCBs) 1336-36-3 EPA 8082 low level 0.07 0.1 0.04 -- 0.03 0.03 0.03 0.00 0.00 0.00 -- 0.07

Pesticides (Organochlorine)
Aldrin 309-00-2 EPA 8081 - Manchester 0.00083 -- 0.00 0.24 0.00 -- -- 0.00 0.00 0.00 0.02 0.00
Chlordane 57-74-9 EPA 8081 - Manchester 0.00083 -- 0.25 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00
4,4'-DDD 72-54-8 EPA 8081 - Manchester 0.00166 -- 0.36 -- 0.00 -- -- 0.00 0.00 0.00 -- 0.00
4,4'-DDE 72-55-9 EPA 8081 - Manchester 0.00166 -- 0.26 -- 0.00 -- -- 0.00 0.00 0.00 -- 0.00
4,4'-DDT 50-29-3 EPA 8081 - Manchester 0.00166 0.3 0.26 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00
Dieldrin 60-57-1 EPA 8081 - Manchester 0.00166 -- 0.01 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00
Endosulfan I 959-98-8 EPA 8081 - Manchester 0.00083 -- -- -- -- -- -- -- -- -- -- --
Endosulfan II 33213-65-9 EPA 8081 - Manchester 0.00166 -- -- -- -- -- -- -- -- -- -- --
Endosulfan sulfate 1031-07-8 EPA 8081 - Manchester 0.00166 -- -- -- -- -- -- -- -- -- -- --
Endrin 72-20-8 EPA 8081 - Manchester 0.00166 -- -- 4.80 0.00 0.00 0.00 0.06 0.81 -- 0.20 0.00
Endrin aldehyde 7421-93-4 EPA 8081 - Manchester 0.00166 -- -- -- -- -- -- -- -- -- -- --
Endrin ketone 53494-70-5 EPA 8081 - Manchester 0.00166 -- -- -- -- -- -- -- -- -- -- --
Heptachlor 76-44-8 EPA 8081 - Manchester 0.00083 -- 0.02 8.00 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.00
Heptachlor epoxide 1024-57-3 EPA 8081 - Manchester 0.00083 -- 0.00 0.10 -- 0.00 0.00 0.00 0.00 0.00 0.00 0.00
a-Hexachlorocyclohexane 319-84-6 EPA 8081 - Manchester 0.00083 -- 0.01 -- -- -- -- 0.00 0.01 0.01 -- 0.00
b-Hexachlorocyclohexane 319-85-7 EPA 8081 - Manchester 0.00083 -- 0.05 -- -- -- -- 0.02 0.05 0.03 -- 0.02
c-Hexachlorocyclohexane 319-86-8 EPA 8081 - Manchester 0.00083 -- -- -- -- -- -- 0.04 -- -- -- 0.04
Lindane 58-89-9 EPA 8081 - Manchester 0.00083 0.2 0.07 4.80 -- -- -- 1.80 0.06 0.04 6.00 0.04
Methoxylchlor 72-43-5 EPA 8081 - Manchester 0.00833 -- -- 80.00 -- 0.03 -- -- -- -- 8.40 0.03
Toxaphene 8001-35-2 EPA 8081 5.00 -- 0.08 -- 0.00 0.00 0.00 0.00 0.00 0.00 -- 5.00
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Analyte1,2 CAS No.
Analytical
Method3

Target
Reporting

Limit 
(PQL)

Groundwater
MTCA

Method A

Groundwater
MTCA

Method B,
Carcinogen

Groundwater
MTCA

Method B,
Non-Carcinogen

Aquatic Life -
Marine/Chronic -

Ch.173-201A
WAC

Aquatic Life -
Marine/Chronic -

Clean Water
Act 304

Aquatic Life -
Marine/Chronic -
National Toxics
Rule 40 CFR 131

Human Health -
Marine -

Clean Water
Act 304

Human Health -
Marine - National

Toxics Rule,
40 CFR 131

Surface Water
MTCA Method B,

Carcinogen

Surface Water
MTCA Method B,
Non-Carcinogen PSL4

TABLE 4

Concentrations in micrograms per liter (µg/L)

Skagit County, Washington
March Point (Whitmarsh) Landfill

SUMMARY OF GROUNDWATER AND SURFACE WATER SCREENING LEVELS

Other
Ammonia 7664-41-7 SM 4500-NH3 D-97 10 -- -- -- 35.00 -- -- -- -- -- -- 35.00
Phosphorus 7723-14-0 EPA 365.2/SM 4500-PB 16 -- -- 0.16 -- 0.10 -- -- -- -- -- 16.00

Notes
1.  Shaded analytes have been previously detected at/around the site.
2.  Analytes that have been detected at the site that are not listed in this table include chloride, sulfate, ferrous iron, DOC, total organic carbon, total suspended solids, total dissolved solids, calcium, magnesium, potassium, sodium, tellurium, and dibenzothiophene.
3.  Method numbers refer to EPA SW-846 Analytical Methods, Washington State Department of Ecology (Ecology) recommended analytical methods, or Standard Methods (SM) for the Examination of Water and Wastewater.

5.  -- = No value available.

Abbreviations
CAS = Chemical Abstracts Service
CFR = Code of Federal Regulations
DOC = dissolved organic carbon
EPA = U.S. Environmental Protection Agency
mL = milliliters
MTCA = Model Toxics Control Act
NA = not applicable
PCBs = polychlorinated biphenyls
PQL = practical quantitation limit
PSL = preliminary screening level
SIM = selective ion monitoring
SVOCs = semivolatile organic compounds
TPH = total petroleum hydrocarbons
VOCs = volatile organic compounds
WAC = Washington Administrative Code
WQC = water quality criteria

4.  PSL was chosen as the lower of the aquatic marine chronic WQC published in WAC 173-201A, aquatic marine chronic and human health (fish ingestion) WQC published in Section 304 of the Clean Water Act, aquatic marine chronic and human 
     health (fish ingestion) WQC published in the National Toxics Rule (40 CFR 131), and MTCA Method B surface water cleanup levels (carcinogen and noncarcinogen).  The PSL is the screening level used in Table 11.
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate
Number
Initiated

Number
Surviving

Number
Missing
or Dead 

Percentage
Survival

Mean
Percentage
Survival2

1 20 18 2 90
2 20 18 2 90
3 20 17 3 85
4 20 18 2 90
5 20 20 0 100 91 ± 5.5
1 20 17 3 85
2 20 15 5 75
3 20 20 0 100
4 20 17 3 85
5 20 16 4 80 85 ± 9.4
1 20 14 6 70
2 20 14 6 70
3 20 15 5 75
4 20 18 2 90
5 20 15 5 75 76 ± 8.2
1 20 14 6 70
2 20 15 5 75
3 20 14 6 70
4 20 14 6 70
5 20 14 6 70 71 ± 2.2
1 20 17 3 85
2 20 20 0 100
3 20 18 2 90
4 20 18 2 90
5 20 15 5 75 88 ± 9.1
1 20 18 2 90
2 20 18 2 90
3 20 17 3 85
4 20 18 2 90
5 20 17 3 85 88 ± 2.7
1 20 12 8 60
2 20 13 7 65
3 20 19 1 95
4 20 17 3 85
5 20 20 0 100 81 ± 17.8

TABLE 5

TEST RESULTS FOR THE 10-DAY ACUTE TOXICITY
TEST WITH AMPELISCA ABDITA

80%

Control

CR-1

SBREF-80

60%

67%

66%

MP-3

61%

60%

MP-5

MP-6

Skagit County, Washington
March Point (Whitmarsh) Landfill

MP-8
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate
Number
Initiated

Number
Surviving

Number
Missing
or Dead 

Percentage
Survival

Mean
Percentage
Survival2

TABLE 5

TEST RESULTS FOR THE 10-DAY ACUTE TOXICITY
TEST WITH AMPELISCA ABDITA

Skagit County, Washington
March Point (Whitmarsh) Landfill

1 20 18 2 90
2 20 18 2 90
3 20 14 6 70
4 20 16 4 80
5 20 16 4 80 82 ± 8.4
1 20 17 3 85
2 20 19 1 95
3 20 19 1 95
4 20 17 3 85
5 20 18 2 90 90 ± 5.0
1 20 14 6 70
2 20 15 5 75
3 20 15 5 75
4 20 15 5 75
5 20 14 6 70 73 ± 2.7
1 20 15 5 75
2 20 10 10 50
3 20 15 5 75
4 20 16 4 80
5 20 18 2 90 74 ± 14.7
1 20 18 2 90
2 20 16 4 80
3 20 18 2 90
4 20 16 4 80
5 20 7 13 35 75 ± 22.9
1 20 20 0 100
2 20 16 4 80
3 20 15 5 75
4 20 16 4 80
5 20 17 3 85 84 ± 9.6
1 20 20 0 100
2 20 18 2 90
3 20 18 2 90
4 20 16 4 80
5 20 11 9 55 83 ± 17.2

83%

81%

77%

70%

78%

74%

84%

MP-1

MP-2

MP-9

MP-10

MP-11

MP-4

MP-7
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate
Number
Initiated

Number
Surviving

Number
Missing
or Dead 

Percentage
Survival

Mean
Percentage
Survival2

TABLE 5

TEST RESULTS FOR THE 10-DAY ACUTE TOXICITY
TEST WITH AMPELISCA ABDITA

Skagit County, Washington
March Point (Whitmarsh) Landfill

1 20 18 2 90
2 20 11 9 55
3 20 15 5 75
4 20 17 3 85
5 20 16 4 80 77 ± 13.5
1 20 15 5 75
2 20 9 11 45
3 20 14 6 70
4 20 16 4 80
5 20 18 2 90 72 ± 16.8

Notes
1. Percentage of sediment grains with diameter less than 63 µm.
2. Test results were evaluated relative to Washington SMS, based on criteria presented in the Sediment
    Investigation Work Plan (AMEC, 2008b).

Abbreviations
µm = micrometers
SMS = Sediment Management Standards

76%

80%MP-12

MP-13
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate Normal Abnormal Total

Mean
Normal

Survival (%)2

1 218
2 213
3 255
4 280
5 247
1 194 7 201
2 211 4 215
3 230 4 234
4 232 3 235
5 213 4 217 89 ± 6.4
1 233 2 235
2 213 4 217
3 237 1 238
4 216 4 220
5 197 0 197 N/A
1 191 7 198
2 204 5 209
3 191 5 196
4 237 5 242
5 141 4 145 87.3 ± 13.2
1 207 6 213
2 175 2 177
3 205 3 208
4 204 3 207
5 213 13 226 93 ± 6.9
1 197 5 202
2 219 1 220
3 153 6 159
4 190 10 200
5 187 10 197 87.3 ± 10.6
1 210 6 216
2 245 2 247
3 227 4 231
4 252 6 258
5 248 2 250 99.4 ± 1.2
1 216 8 224
2 199 7 206
3 185 3 188
4 212 4 216
5 205 2 207 94.2 ± 5.6

Skagit County, Washington
March Point (Whitmarsh) Landfill

TABLE 6

MP-6

Initial Stocking 
Density

Seawater Control

Sediment Control

CR-1

MP-8

MP-3

MP-5

67%

66%

61%

60%

TEST RESULTS FOR THE LARVAL TEST
WITH DENDRASTER EXCENTRICUS

60%
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate Normal Abnormal Total

Mean
Normal

Survival (%)2

Skagit County, Washington
March Point (Whitmarsh) Landfill

TABLE 6

TEST RESULTS FOR THE LARVAL TEST
WITH DENDRASTER EXCENTRICUS

1 233 5 238
2 202 1 203
3 214 7 221
4 204 7 211
5 178 11 189 93.9 ± 7.0
1 208 4 212
2 201 7 208
3 233 7 240
4 227 5 232
5 221 5 226 97.9 ± 3.1
1 236 6 242
2 198 0 198
3 215 5 220
4 196 5 201
5 233 7 240 96.4 ± 4.7
1 225 3 228
2 208 2 210
3 199 3 202
4 189 9 198
5 176 12 188 91.5 ± 7.3
1 205 5 210
2 218 5 223
3 211 4 215
4 209 7 216
5 219 2 221 97.9 ± 2.2
1 235 1 236
2 228 4 232
3 213 6 219
4 212 2 214
5 183 2 185 96.3 ± 6.5
1 206 8 214
2 192 1 193
3 220 5 225
4 202 4 206
5 213 9 222 95.3 ± 4.4
1 233 4 237
2 234 1 235
3 195 4 199
4 265 5 270
5 222 6 228 98.1 ± 4.3

80%

MP-9

MP-10

MP-11

MP-4

MP-7

MP-2

83%

SBREF80

MP-1

84%

77%

70%

78%

74%

81%
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Treatment

Percent
Fines

(% ≤ 63 µ)1 Replicate Normal Abnormal Total

Mean
Normal

Survival (%)2

Skagit County, Washington
March Point (Whitmarsh) Landfill

TABLE 6

TEST RESULTS FOR THE LARVAL TEST
WITH DENDRASTER EXCENTRICUS

1 194 3 197
2 220 6 226
3 220 5 225
4 192 5 197
5 217 5 222 95.7 ± 5.8
1 230 4 234
2 221 5 226
3 204 2 206
4 200 7 207
5 195 4 199 95.5 ± 4.4

Notes
1. Percentage of sediment grains with diameter less than 63 µm.
2. Test results were evaluated relative to Washington SMS, based on criteria presented in the Sediment
    Investigation Work Plan (AMEC, 2008b).

Abbreviations
µm = micrometers
N/A = not applicable
SMS = Sediment Management Standards

MP-12

MP-13

80%

76%
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Test Replicate 1 Replicate 2 Replicate 3 Replicate 4 Replicate 5
Mean %
Output1

Test 12

Control 0.82 0.81 0.83 0.83 0.86 83 ± 2
SBREF80 0.68 0.65 0.68 0.68 0.69 67 ± 2
MP-1 0.65 0.70 0.72 0.72 0.74 70 ± 3
MP-2 0.95 1.04 0.97 0.99 0.96 98 ± 3
MP-4 0.65 0.61 0.60 0.62 0.61 62 ± 2
MP-7 0.63 0.74 0.72 0.74 0.66 70 ± 5

Test 22

Control 0.86 0.94 0.96 0.92 0.96 93 ± 4
SBREF80 0.67 0.62 0.73 0.70 0.66 68 ± 4
MP-9 0.84 0.68 0.69 0.62 0.73 71 ± 8
MP-10 0.73 0.73 0.73 0.71 0.69 72 ± 2
MP-11 0.63 0.67 0.66 0.57 0.65 63 ± 4
MP-12 1.15 1.20 1.18 1.28 1.25 121 ± 5

Test 32

Control 0.99 0.93 1.05 1.02 0.94 99 ± 5
SBREF80 0.91 0.81 0.71 0.75 0.73 76 ± 4
MP-13 0.45 0.47 0.46 0.49 0.47 46 ± 2

Test 4
Control 0.86 0.82 0.83 0.79 0.73 81 ± 5
CR-1 0.94 0.94 0.87 0.89 0.93 91 ± 3
MP-3 0.97 0.95 0.95 0.90 0.95 94 ± 3
MP-5 0.78 0.70 0.77 0.68 0.69 72 ± 4
MP-6 0.89 0.91 0.88 0.97 0.84 90 ± 5
MP-8 0.77 0.70 0.60 0.62 0.66 67 ± 7

Notes
1.  Test results were evaluated relative to Washington SMS, based on criteria presented in the Sediment
     Investigation Work Plan (AMEC, 2008b).
2.  Poor performance of reference sediment SBREF80.  Test sediments were instead compared to
     control sediment.

Abbreviations
I(0) = Initial light reading
I(15) = Light reading after 15 minutes.
SMS = Sediment Management Standards

TABLE 7

TEST RESULTS FOR THE MICROTOX BIOASSAY

Change in Light Reading From I(0) to I(15)

March Point (Whitmarsh) Landfill
Skagit County, Washington
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TABLE 9

ANALYTICAL TEST RESULTS FOR SWALE SEDIMENT SAMPLES 1, 2

March Point (Whitmarsh) Landfill
Skagit County, Washington

SQS CSL Dry Weight "SQS" 4 Dry Weight "CSL" 5

Conventionals
Total Organic Carbon (%) 16.6 14 11.8
Metals ppm ppm ppm ppm

Arsenic 7440-38-2 57 93 57 93 30 20 U 20 U
Cadmium 7440-43-9 5.1 6.7 5.1 6.7 0.9 0.9 0.9
Chromium 7440-47-3 260 270 260 270 63 52 58
Copper 7440-50-8 390 390 390 390 67.2 51 54.3
Lead 7439-92-1 450 530 450 530 37 19 21
Mercury 7439-97-6 0.41 0.59 0.41 0.59 0.2 U 0.2 U 0.1 U
Silver 7440-22-4 6.1 6.1 6.1 6.1 1 U 1 U 1 U
Zinc 7440-66-6 410 960 410 960 199 131 194

Organics
LPAHs ppm-OC ppm-OC ppb ppb

Naphthalene 91-20-3 99 170 2,100 2,100 20 U 20 U 20 U
Acenaphthylene 208-96-8 66 66 1,300 1,300 20 U 20 U 20 U
Acenaphthene 83-32-9 16 57 500 500 20 U 20 U 20 U
Fluorene 86-73-7 23 79 540 540 20 U 20 U 20 U
Phenanthrene 85-01-8 100 480 1,500 1,500 20 U 20 U 20 U
Anthracene 120-12-7 220 1,200 960 960 20 U 20 U 20 U
2-Methylnaphthalene 91-57-6 38 64 670 670 20 U 20 U 20 U
Total LPAH 370 780 5,200 5,200 20 U 20 U 20 U

HPAHs ppm-OC ppm-OC ppb ppb
Fluoranthene 206-44-0 160 1,200 1,700 2,500 20 U 20 U 20 U
Pyrene 129-00-0 1,000 1,400 2,600 3,300 20 U 20 U 20 U
Benzo(a)anthracene 56-55-3 110 270 1,300 1,600 20 U 20 U 20 U
Chrysene 218-01-9 110 460 1,400 2,800 20 U 20 U 20 U
Total Benzofluoranthenes 230 450 3,200 3,600 20 U 20 U 20 U

Benzo(b)fluoranthene 205-99-2 20 U 20 U 20 U
Benzo(k)fluoranthene 207-08-9 20 U 20 U 20 U

Benzo(a)pyrene 50-32-8 99 210 1,600 1,600 20 U 20 U 20 U
Indeno(1,2,3-cd)pyrene 193-39-5 34 88 600 690 20 U 20 U 20 U
Dibenz(a,h)anthracene 53-70-3 12 33 230 230 20 U 20 U 20 U
Benzo(g,h,i)perylene 191-24-2 31 78 670 720 20 U 20 U 20 U
Total HPAH 960 5,300 12,000 17,000 20 U 20 U 20 U

Chlorinated Benzenes ppm-OC ppm-OC ppb ppb
1,4-Dichlorobenzene 106-46-7 3.1 9 110 110 4.6 U 4.1 U 4.2 U
1,2-Dichlorobenzene 95-50-1 2.3 2.3 35 50 20 U 20 U 20 U
1,2,4-Trichlorobenzene 120-82-1 0.81 1.8 31 51 20 U 20 U 20 U
Hexachlorobenzene 118-74-1 0.38 2.3 22 70 0.99 U 1.8 1 U

Phthalates ppm-OC ppm-OC ppb ppb
Dimethyl phthalate 131-11-3 53 53 71 160 20 U 20 U 20 U
Diethyl phthalate 84-66-2 61 110 200 1,200 20 U 20 U 20 U
Di-n-Butyl phthalate 84-74-2 220 1,700 1,400 5,100 20 U 20 U 20 U
Butyl benzyl phthalate 85-68-7 4.9 64 63 900 20 U 31 UY 26 UY
bis(2-Ethylhexyl) phthalate 117-81-7 47 78 1,300 3,100 20 U 20 U 33
Di-n-Octyl phthalate 117-84-0 58 4,500 6,200 6,200 20 U 20 U 20 U

Miscellaneous Extractables ppm-OC ppm-OC ppb ppb
Hexachlorobutadiene 87-68-3 3.9 6.2 11 120 0.99 U 1 U 1 U
N-Nitrosodiphenylamine 86-30-6 11 11 28 40 20 UJ 20 UJ 20 UJ
Dibenzofuran 132-64-9 15 58 540 540 20 U 20 U 20 U

PCBs ppm-OC ppm-OC ppb ppb
Aroclor 1016 12674-11-2 -- -- -- -- 20 U 20 U 20 U
Aroclor 1221 11104-28-2 -- -- -- -- 20 U 20 U 20 U
Aroclor 1232 11141-16-5 -- -- -- -- 20 U 20 U 20 U
Aroclor 1242 53469-21-9 -- -- -- -- 20 U 20 U 20 U
Aroclor 1248 12672-29-6 -- -- -- -- 20 U 20 U 20 U
Aroclor 1254 11097-69-1 -- -- -- -- 20 U 20 U 20 U
Aroclor 1260 11096-82-5 -- -- -- -- 20 U 20 U 20 U
Total PCB 12 65 130 1000 20 U 20 U 20 U

ppm

ppb ppb

ppb

MPS-1 MPS-2 MPS-3

ppb ppb ppb

ppb ppb ppb

ppb

ppb ppb

ppb ppb ppb

Parameter

ppb

Analytical ResultsSMS SMS Dry Weight Equivalents 3

CAS Number

ppb ppb

ppm ppm
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TABLE 9

ANALYTICAL TEST RESULTS FOR SWALE SEDIMENT SAMPLES 1, 2

March Point (Whitmarsh) Landfill
Skagit County, Washington

SQS CSL Dry Weight "SQS" 4 Dry Weight "CSL" 5 MPS-1 MPS-2 MPS-3Parameter
Analytical ResultsSMS SMS Dry Weight Equivalents 3

CAS Number
Organics (Continued)

Phenols ppb ppb ppb ppb
Phenol 108-95-2 420 1200 420 1,200 23 46 1,900
2-Methylphenol 95-48-7 63 63 63 63 20 U 20 U 20 U
4-Methylphenol 106-44-5 670 670 670 670 20 U 20 U 20 U
2,4-Dimethylphenol 105-67-9 29 29 29 29 20 U 20 U 20 U
Pentachlorophenol 87-86-5 360 690 360 690 99 U 100 U 100 U

Miscellaneous Extractables ppb ppb ppb ppb
Benzyl Alcohol 100-51-6 57 73 57 73 20 U 20 U 20 U
Benzoic Acid 65-85-0 650 650 650 650 200 U 200 U 200 U

Notes
1.  Shaded cells indicate sample results above the SMS CSL.
2.  Data qualifiers are as follows:

  U = Undetected at the reporting limit
  UY = Analyte is not detected at the raised reporting limit

Abbreviations
CAS = Chemical Abstracts Service
CSL = cleanup screening levels
HAET = highest apparent effects threshold
HPAH = high-molecular weight polycyclic aromatic hydrocarbons
LAET = lowest apparent effects threshold
2LAET = second lowest apparent effects threshold
LPAH = low-molecular weight polycyclic aromatic hydrocarbons
PCBs = polychlorinated biphenyls
ppb = parts per billion
ppm = parts per million
ppm-OC = parts per million of organic carbon
SMS = Sediment Management Standards
SQS = Sediment Quality Standards
TOC = total organic carbon

     HAET or the LAET.  A majority of the chemicals are set at the 2LAET but there are exceptions.

     which the SQS and CSL criteria are expressed in units of ppm-OC.
4.  Dry Weight "SQS":  Lowest Apparent Effects Threshold, dry weight equivalent of the SMS "SQS."
5.  Dry Weight "CSL":  Second Lowest Apparent Effects Threshold (2LAET), dry weight equivalent of the SMS "CSL."
     Not all the CSL dry weight equivalents are the same as the 2LAET.  Some of the chemicals have the CSL dry weight equivalents set to the 

     UJ = Analyte is not detected.  The associated reporting limit is an estimate and may be inaccurate or imprecise.
3.  The Sediment Management Standards for most nonionizable organic compounds are expressed as a carbon-normalized value.  But the 
     nonionizable organic compounds values are usually not carbon-normalized in sediments with TOC values above 4%.  The dry weight 
     equivalent values are used instead following consultation with Ecology.  The nonionizable organic compounds in the table are the ones for 

ppb ppb ppb

ppb ppb ppb
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TABLE 10

SUMMARY OF DETECTED ANALYTES FOR MONITORING WELL AND TEST PIT SOIL SAMPLES 
OCTOBER AND NOVEMBER 20081,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

Sample ID MW-03 G106 G116

Depth (ft bgs) 11.5 20.5 37 11.5 8.5 19 1 5.5 1 8 12 1 5 1 5 9 6 field dup. 8 11
Sample Date 10/7/2008 10/9/2008 10/8/2009 11/1/2008 10/31/2008 10/31/2008 11/2/2008 11/1/2008 11/1/2008 10/31/2008

PSL4,5

Metals (mg/kg)
Aluminum 32,600 11,900 12,300 29,900 11,500 17,100 11,200 18,600 18,800 16,800 15,200 20,200 17,200 17,700 16,200 16,000 18,500 13,400 14,200 14,300 21,500
Antimony 32 -- -- -- -- -- -- -- -- -- 5 J -- -- -- -- -- -- -- 11 J -- --
Arsenic 7 1.4 J 5.1 J 2.7 J 6.8 J 14 J 4.9 J 3.2 4.3 2.3 3 8.8 2.6 4.7 2.4 2.9 4.7 5.1 4.6 4.1 13
Barium 1,320 40.3 40.1 239 117 82.6 47 95.4 115 77.2 74.1 47.3 78.3 259 73.3 85.5 93.8 60.2 69.9 65.0 43
Beryllium 160 0.1 0.2 0.4 -- 0.2 -- 0.3 0.4 0.3 0.2 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 --
Cadmium 1.214 -- -- -- 0.8 0.5 -- 0.5 2.6 0.3 0.5 0.5 0.4 2.7 0.4 0.7 0.7 0.5 0.6 0.3 --
Chromium 135 32.4 28.4 53 55 57.7 33.1 41.2 67 34.6 32.8 54.8 45.8 47.2 35.9 38.6 33.3 39.4 39.3 30.1 58
Copper 36 18.1 21.4 61.0 373 44.6 15.8 23.6 76 23.2 76.0 33.3 26.7 49.3 21.6 29.5 36.4 50.0 70.8 21.8 23.4
Iron 58,700 19,100 21,900 42,600 39,900 27,100 16,700 23,700 34,400 21,900 24,800 30,300 23,800 26,500 22,300 26,800 29,800 28,300 23,200 18,200 38,500
Lead 220 2 -- 7 171 6 -- 13 112 4 33 6 3 238 2 31 58 18 49 -- --
Manganese 1,200 245 315 771 400 352 208 596 431 280 340 301 318 345 303 351 508 292 253 210 336
Mercury 0.07 -- -- 0.06 -- 0.06 -- -- 6.9 -- 0.10 0.08 -- 0.08 -- 0.07 0.26 -- 0.07 -- --
Molybdenum 0.5 1.0 1.4 3 4 2.7 2.3 2.1 6 1.6 2.0 3.9 1.8 2.7 1.8 2.7 2.4 3.7 4.6 1.9 5
Nickel 48 99 81 56 80 83 60 76 90 63 60 45 76 75 62 65 62 69 69 67 34
Strontium 0.1 24.4 19.4 72.0 29.3 35.9 33.2 33.6 33.3 47.0 29.2 58.0 46.6 48.0 47.7 32.1 31.4 26.7 30.9 32.8 64.1
Titanium NA 956 1,070 1,200 949 1,210 911 1,370 1,160 1,070 960 1,450 1,350 1,240 1,330 1,070 878 975 1,110 1,120 1,340
Vanadium 560 44.1 57.1 86 45.1 63.9 43.8 60.3 53.8 55.3 55.0 67.4 58.9 59.1 60.6 51.9 61.7 52.7 55.6 53.6 77
Zinc 100.8 43 39 99 282 84 40 81 381 63 174 82 79 311 187 225 187 175 345 59 73

TPH (mg/kg)
Gasoline-Range Organics (TPH-G) 30 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.5 310 J -- -- -- --
Diesel-Range Organics (TPH-D) 2,000 -- -- -- -- -- -- 12 61 17 21 11 -- 64 -- 120 280 11 14 6.1 --
Lube Oil (TPH-Oil) 2,000 -- -- -- -- -- -- 49 330 39 75 45 20 380 -- 480 670 55 48 16 --

SVOCs (µg/kg)
1-Methylnaphthalene 24,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 130 -- -- -- --
2-Methylnaphthalene 320,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 140 -- -- -- --
4-Methylphenol 400,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 180 -- -- -- --
Acenaphthylene NA -- -- -- -- -- -- -- 63 -- -- -- -- -- -- -- -- -- -- -- --
Anthracene 24,000,000 -- -- -- -- -- -- -- 85 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(a)anthracene 129.7 -- -- -- -- -- -- -- 270 -- -- -- -- -- -- -- 130 -- -- -- --
Benzo(a)pyrene 100 -- -- -- -- -- -- -- 240 -- -- -- -- -- -- -- 120 -- -- -- --
Benzo(b)fluoranthene 575.6 -- -- -- -- -- -- -- 160 -- -- -- -- -- -- -- 100 -- -- -- --
Benzo(g,h,i)perylene NA -- -- -- -- -- -- -- 71 -- -- -- -- -- -- -- -- -- -- -- --
Benzo(k)fluoranthene 432.1 -- -- -- -- -- -- -- 210 -- -- -- -- -- -- -- 110 -- -- -- --
bis(2-Ethylhexyl) phthalate 4,849 -- -- -- -- -- -- -- 180 -- -- 97 -- 490 -- 230 6,000 -- 170 -- --
Chrysene 144.1 -- -- -- -- -- -- -- 320 -- -- -- -- -- -- -- 180 -- -- -- --
Fluoranthene 88,560 -- -- -- -- -- -- -- 500 -- -- -- -- -- -- -- 200 -- -- -- --
Fluorene 553,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 72 -- -- -- --
Naphthalene 5,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 280 -- -- 68 --
Phenanthrene NA -- -- -- -- -- -- -- 510 -- -- -- -- -- -- 120 300 -- -- -- --

   Pyrene 2,400,000 -- -- -- -- -- -- -- 530 -- -- -- -- -- -- -- 230 -- -- -- --

G36 G46 G56 G66MW-01 MW-04 G16
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TABLE 10

SUMMARY OF DETECTED ANALYTES FOR MONITORING WELL AND TEST PIT SOIL SAMPLES 
OCTOBER AND NOVEMBER 20081,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

Sample ID MW-03 G106 G116

Depth (ft bgs) 11.5 20.5 37 11.5 8.5 19 1 5.5 1 8 12 1 5 1 5 9 6 field dup. 8 11
Sample Date 10/7/2008 10/9/2008 10/8/2009 11/1/2008 10/31/2008 10/31/2008 11/2/2008 11/1/2008 11/1/2008 10/31/2008

PSL4,5

G36 G46 G56 G66MW-01 MW-04 G16

VOCs (µg/kg)
1,2,4-Trimethylbenzene 4,000,000 -- -- -- -- -- -- -- -- -- 10 30 -- -- -- -- 690 -- -- -- 42
1,2-Dichlorobenzene 15,260 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15 J -- -- -- --
1,3,5-Trimethylbenzene 4,000,000 -- -- -- -- -- -- -- -- -- 3 18 -- -- -- -- 240 J -- -- -- 8.3
1,4-Dichlorobenzene 81.21 -- -- -- -- -- -- -- -- -- 4.9 -- -- -- -- 1.3 20 J -- -- -- --
2-Butanone 48,000,000 -- -- -- -- 23 J -- 41 43 14 22 40 220 540 J -- 18 37 J 22 14 17 12
4-Isopropyltoluene NA -- -- -- -- -- -- -- -- -- 8.9 26 -- -- -- -- 61 J 4 2.7 -- 7.2
4-Methyl-2-Pentanone (MIBK) 6,400,000 -- -- -- -- -- -- -- 41 -- -- -- 150 440 J -- -- -- -- -- -- --
Acetone 8,000,000 16 11 19 36 J 95 J 11 360 110 160 120 240 240 440 J 37 110 190 J 130 100 130 90
Benzene 30 -- -- -- 5.5 J -- -- -- -- -- -- 11 -- -- -- -- 14 J -- -- -- --
Carbon Disulfide 8,000,000 -- 1.4 -- 9.1 J -- -- -- -- -- -- 21 -- 2.5 J -- 29 20 J 1.7 -- 2.2 5
Chlorobenzene 13,860 -- -- -- -- -- -- -- -- -- -- 3.5 -- -- -- -- 39 J -- -- 6.3 --
Dichlorodifluoromethane 16,000,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.1 J -- -- -- --
Ethylbenzene 6,000 -- -- -- -- -- -- -- -- -- 1.4 3.6 -- -- -- -- 33 J -- -- -- 23
Isopropylbenzene 8,000,000 -- -- -- -- -- -- -- -- -- 1.7 8.9 -- -- -- -- 69 J -- -- -- 7.3
m,p-Xylene 9,000 -- -- -- -- -- -- -- 2.6 -- 2.8 12 1.8 2.3 J -- -- 120 J -- -- -- 23
Methylene Chloride 20 -- 2.4 -- 3.4 J -- 2.2 -- -- -- -- -- -- -- 2.2 -- -- 2.5 -- -- --
n-Butylbenzene NA -- -- -- -- -- -- -- -- -- 1.2 -- -- -- -- -- 79 J -- -- -- --
n-Propylbenzene NA -- -- -- -- -- -- -- -- -- 1.5 4.6 -- -- -- -- 100 J -- -- -- 4.1
o-Xylene 160,000,000 -- -- -- -- -- -- -- -- -- 1.4 5.3 -- -- -- -- 64 J -- -- -- 8.4
sec-Butylbenzene NA -- -- -- -- -- -- -- -- -- -- 4.9 -- -- -- -- 59 J -- -- -- 3.1
tert-Butylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 19 J -- -- -- --
Tetrachloroethene 4.173 -- -- -- -- -- -- 1.5 3 -- -- -- -- -- -- -- -- -- -- -- --
Toluene 7,000 -- -- -- 1.8 J -- -- -- 9.5 -- 9.9 2.3 61 120 J -- 1 19 J 8 4.7 -- 1.9

PCBs (µg/kg)
Aroclor 1248 NA -- -- -- 28 -- -- -- -- -- 20 -- -- -- -- -- -- -- -- -- --
Aroclor 1254 4 -- -- -- 27 -- -- -- -- -- 22 -- -- 240 -- -- 110 J 76 31 -- --
Aroclor 1260 492.1 -- -- -- -- -- -- -- 360 -- 13 -- -- -- -- -- -- -- 9.9 -- --

   Total PCBs7 28 -- -- -- 66.7 -- -- -- 690 -- 62.6 -- -- 373 -- -- 267.5 133 50.4 -- --
Pesticides (µg/kg)

Aldrin 1.7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 390 -- -- -- --
delta-BHC 1.7 -- -- -- -- -- -- -- -- 9.8 120 -- -- -- -- -- -- 2.8 3.1 -- --
Dieldrin 3.3 -- -- -- -- -- -- -- -- -- 24 -- -- -- -- -- 210 -- -- -- --
Methoxychlor 48.12 -- -- -- -- -- -- -- -- -- -- -- 71 -- -- -- -- -- -- -- --

Notes Abbreviations
1.  Results in bold indicate exceedance of preliminary screening level. bgs = below ground surface
2.  Data qualifiers are as follows: ft = feet
     J = Reported value is an approximation. µg/kg = micrograms per kilogram
3.  --  = Analyte not detected. mg/kg = milligrams per kilogram
4.  NA = PSL not established, or background concentration not available. PCBs = polychlorinated biphenyls
5.  The detection limits reported by the laboratory were equal to or less than the PSLs, PSL = preliminary screening levels

  except for samples that required dilution due to matrix interference. SVOCs = semivolatile organic compounds
6.  Locations G1 through G11 are test pits. TPH = total petroleum hydrocarbon
7.  One-half of the reporting limit was used for non-detected Aroclors to calculate total PCBs. VOCs = volatile organic compounds
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TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

MW-02 MW-03 MW-03 (duplicate) MW-04 
10/14/2008 12/18/2008 4/29/2009 7/23/2009 10/14/2008 12/18/2008 4/28/2009 7/23/2009 10/14/2008 12/18/2008 4/28/2009 7/23/2009 10/14/2008 12/19/2008 4/29/2009 7/23/2009

PSL4,5

Dissolved Metals6 (μg/L)
Aluminum NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Arsenic 0.2 1.9 2.2 2.3 J- 2.5 4.1 0.5 0.5 J- 4.1 4.0 0.4 0.5 J- 4.1 4.6 4.4 5.5 J- 5.9
Barium NA 20 12 9 J- 10 50 35 50 J- 92 50 36 52 J- 94 66 59 63 J- 89
Copper 2.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Iron NA -- -- -- -- 11,800 -- 370 J- 13,400 12,000 -- 1,360 J- 13,600 620 -- -- 740
Manganese 100 41 45 21 J- 25 332 227 276 J- 319 336 226 284 J- 327 127 121 124 J- 125
Molybdenum NA 11 16 6 J- 6 9 10 -- -- 9 10 -- -- 7 8 -- --
Nickel 8.2 4.1 4 3.7 J- 4 1.1 0.6 0.8 J- 0.6 1.1 0.6 0.8 J- 0.9 0.6 0.7 0.5 J- --
Silver 26,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Selenium 71 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Strontium NA 154 191 154 J- 137 208 156 186 J- 210 210 159 186 J- 215 121 127 119 J- 122
Titanium NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Vanadium NA 4 -- 3 J- 4 -- -- -- -- -- -- -- -- -- -- -- --
Zinc 81 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Total Metals6 (μg/L)
Aluminum NA -- -- 80 50 460 J -- -- -- 50 J -- -- -- 160 -- -- --
Arsenic 0.2 2.0 2.2 2.3 2.8 4.9 2.7 2.8 4.1 4.4 2.8 2.7 4 4.1 4.8 5.6 5.6
Barium NA 23 12 9 10 60 63 82 87 53 66 76 90 69 84 88 90
Chromium 240,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Copper 2.4 -- -- -- -- 3 -- -- -- -- -- -- -- -- -- -- --
Iron NA 60 -- 70 80 13,400 12,200 14,600 12,500 12,400 12,300 13,300 12,900 870 800 770 770
Lead 8.1 -- -- -- -- 16 J -- -- -- 2 J -- -- -- -- -- -- --
Manganese 100 46 46 47 64 350 254 301 307 349 258 282 316 136 129 124 127
Mercury 0.025 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Molybdenum NA 12 15 6 6 8 9 -- -- 9 9 -- -- 7 8 -- --
Nickel 8.2 4.7 3.4 4.4 5.4 2.8 J 0.6 0.8 0.9 1.3 J 0.5 0.9 0.8 1.0 -- -- --
Silver 26,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Strontium NA 163 195 155 130 214 168 196 193 218 172 186 198 125 133 117 119
Titanium NA -- -- 6 7 27 J -- -- -- -- -- -- -- 11 -- -- 5
Vanadium NA 4 -- 4 4 -- -- -- -- -- -- -- -- -- -- -- --
Zinc 81 -- -- -- -- 30 J -- -- -- -- -- -- -- -- -- -- --

TPH (mg/L)
Diesel-Range Organics (TPH-D) NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

SVOCs (μg/L)
1-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2,4-Dimethylphenol 550 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
4-Chloro-3-methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
4-Methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Acenaphthene 640 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzoic acid NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzyl alcohol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
bis(2-Ethylhexyl) phthalate 2.2 -- -- -- -- -- -- 1.2 -- -- -- -- -- -- -- -- --
Butyl benzyl phthalate 1,300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Carbaryl (Sevin) NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Diethyl phthalate 28,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Di-n-Butyl phthalate 2,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Naphthalene 4,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
N-Nitrosodiphenylamine 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Phenol 1,100,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Sample ID
Sample Date
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TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

MW-02 MW-03 MW-03 (duplicate) MW-04 
10/14/2008 12/18/2008 4/29/2009 7/23/2009 10/14/2008 12/18/2008 4/28/2009 7/23/2009 10/14/2008 12/18/2008 4/28/2009 7/23/2009 10/14/2008 12/19/2008 4/29/2009 7/23/2009

PSL4,5

Sample ID
Sample Date

PAHs (μg/L)
1-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- 0.018 -- --
2-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- 0.017 -- --
Acenaphthene 640 -- -- -- -- 0.032 0.017 J 0.012 0.024 0.032 0.017 J 0.013 0.028 -- -- -- --
Acenaphthylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Anthracene 26,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chrysene 0.02 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Dibenzofuran NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Fluoranthene 90 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Fluorene 3,500 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Naphthalene 4,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Phenanthrene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Pyrene 2,600 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

VOCs (μg/L)
1,2,4-Trimethylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,3,5-Trimethylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,2-Dichlorobenzene 1,300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,4-Dichlorobenzene 4.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Butanone NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Acetone NA 4.6 -- -- -- 3.1 -- -- -- 3.8 -- -- -- -- -- -- --
Benzene 23 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2 --
Bromoform 140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Carbon Disulfide NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chlorobenzene 1,600 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloroethane NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloroform 280 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloromethane 130 0.4 -- -- -- -- -- -- -- -- 0.5 J -- -- -- -- -- --
Dibromochloromethane 13 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Diethyl ether NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Isopropylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
m, p-Xylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Methylene chloride 590 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
o-Xylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
sec-Butylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Toluene 15,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.3 --

PCBs (μg/L)
Aroclor 1232 NA -- -- -- -- -- 0.029 J 0.019 -- -- 0.031 J 0.022 -- -- -- -- --
Aroclor 1242 NA -- -- -- -- 0.03 0.013 J -- -- 0.031 0.014 J -- -- -- -- -- --
Total PCBs7 0.07 -- -- -- -- 0.06 0.0695 0.049 -- 0.061 0.07 0.052 -- -- -- -- --

Pesticides (μg/L)
4,4'-DDD 0.00166 -- -- -- -- -- 0.0056 J 0.0058 0.0075 -- 0.0061 J 0.0061 0.0082 -- -- -- --
alpha-BHC 0.0049 -- -- -- -- 0.015 0.031 J 0.041 0.016 0.015 0.036 J 0.039 0.018 -- -- -- --
beta-BHC 0.017 -- -- -- -- 0.0074 0.0075 J 0.0078 0.0041 0.0070 0.0070 J 0.0076 0.0047 -- -- -- --
delta-BHC 0.041 -- -- -- -- -- 0.0019 J 0.0012 -- -- 0.0016 J 0.0012 -- -- -- -- --
gamma-BHC (Lindane) 0.04 -- -- -- -- -- -- 0.00096 -- -- -- 0.0011 -- -- -- -- --
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TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

SP-01 SP-02 SP-03 SW-01 SW-03 
10/15/2008 12/17/2008 4/28/2009 7/23/2009 10/15/2008 12/18/2008 4/28/2009 7/23/2009 10/15/2008 12/15/2008 4/28/2009 7/24/2009 10/14/2008 12/14/2008 4/28/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/24/2009

PSL4,5

Dissolved Metals6 (μg/L)
Aluminum NA 60 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 70 -- -- --
Arsenic 0.2 0.4 -- 0.4 J- 1.2 -- -- 0.7 J- 1.1 0.8 -- 0.6 J- 0.8 3.2 2.4 2.9 J- 5.1 1.1 -- 1.8 J- 1.8
Barium NA 201 181 181 J- 267 76 134 89 J- 160 63 61 72 J- 104 9 6 8 J- 18.0 -- 26 10 J- 5
Copper 2.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- 2
Iron NA -- -- -- 12,300 -- -- 70 J- 18,200 -- -- 3,940 J- 25,800 -- 120 -- 320 530 60 370 J- 370
Manganese 100 154 233 225 J- 173 126 364 332 J- 321 434 477 545 J- 444 13 22 391 J- 150 203 335 159 J- 180
Molybdenum NA 31 23 20 J- 16 40 13 -- -- 17 12 -- -- 15 6 -- -- 15 20 6 J- --
Nickel 8.2 0.6 0.6 0.7 J- -- 7 3.5 0.8 J- -- 2.4 2.7 0.6 J- 0.6 4.5 3.4 5.8 J- 3.6 3.0 9 5.1 J- 3.8
Silver 26,000 -- -- -- -- 11 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Selenium 71 -- -- -- -- -- -- -- -- -- -- -- 50 -- -- -- -- -- -- -- --
Strontium NA 319 398 315 J- 326 3,060 692 383 J- 397 414 582 408 J- 474 196 92 154 J- 196 263 2,770 351 J- 800
Titanium NA -- -- -- -- -- -- -- -- -- -- -- -- -- 5 -- -- -- 9 -- 7.0
Vanadium NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3 -- -- -- --
Zinc 81 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Total Metals6 (μg/L)
Aluminum NA 60 150 -- -- 270 2230 680 900 580 50 -- 80 170 650 440 13,200 290 100 3,080 140
Arsenic 0.2 1.4 1.4 1.3 1.3 -- 1.4 1.7 2.4 1.3 -- 1.1 0.8 4.8 5.8 5.0 21.3 J 2.2 -- 3.0 2.5 J
Barium NA 300 279 251 258 63 188 178 185 206 89 165 100 12 13 15 86 7.0 27 31 7
Chromium 240,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31 -- -- 8 --
Copper 2.4 -- -- -- -- -- 5 2 2 -- -- -- -- -- 5 2 38 -- 4 10 3
Iron NA 15,900 22,100 15,500 12,100 5,890 21,400 25,100 26,400 55,300 19,800 41,100 25,400 800 1,610 890 16,500 1,790 650 7,920 1,360
Lead 8.1 -- -- -- -- -- 1 -- -- -- -- -- -- -- 2 -- 24 -- -- 3 --
Manganese 100 173 251 238 163 85 409 373 314 557 495 570 395 50 660 414 313 230 353 276 195
Mercury 0.025 -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0284 -- 0.0649 -- -- -- --
Molybdenum NA 21 24 20 -- 40 14 -- -- 8 13 -- -- 10 6 -- 9.0 7 22 6 --
Nickel 8.2 1.9 1.0 0.8 -- 8 5.4 2.4 2.7 3.2 1.2 0.9 1 5.2 8.1 7.4 72.2 J 4.2 9 12.6 4.6 J
Silver 26,000 -- -- -- -- 8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Strontium NA 332 419 320 296 3,830 787 407 377 452 603 424 407 196 100 164 217 265 2,900 381 820
Titanium NA -- 14 5 5 20 128 41 54 31 7 8 11 10 44 28 777 19 18 156 16
Vanadium NA -- -- -- -- -- 7 5 5 8 -- 3 -- 5 5 4 76 -- -- 11 3
Zinc 81 -- -- -- -- -- -- -- -- 20 -- -- -- -- 10 -- 150 -- -- 20 --

TPH (mg/L)
Diesel-Range Organics (TPH-D) NA 0.44 0.56 0.65 0.74 -- 0.31 0.33 0.51 0.40 0.55 0.64 0.76 -- -- -- -- -- -- -- --

SVOCs (μg/L)
1-Methylnaphthalene NA -- -- -- -- -- -- -- -- 4.0 5.2 5.3 3.6 -- -- -- -- -- -- -- --
2,4-Dimethylphenol 550 -- -- -- -- -- -- -- -- -- 57 13 1.9 -- -- -- -- -- -- -- --
2-Methylnaphthalene NA -- -- -- -- -- -- -- -- 2.9 4.4 4.2 3.6 -- -- -- -- -- -- -- --
2-Methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
4-Chloro-3-methylphenol NA -- 7.8 J -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
4-Methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Acenaphthene 640 -- -- -- -- -- -- -- -- 1.0 1.3 1.2 1.1 -- -- -- -- -- -- -- --
Benzoic acid NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzyl alcohol NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
bis(2-Ethylhexyl) phthalate 2.2 -- -- -- -- -- -- -- -- -- -- -- -- -- 1.6 -- -- -- -- -- --
Butyl benzyl phthalate 1,300 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Carbaryl (Sevin) NA 1.9 3.5 J 2.6 11 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Diethyl phthalate 28,000 -- -- -- -- -- -- -- -- -- 1.4 -- -- -- -- -- -- -- -- -- --
Di-n-Butyl phthalate 2,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Naphthalene 4,900 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
N-Nitrosodiphenylamine 6 -- -- -- -- -- 1.4 J 1.2 1.2 -- -- -- -- -- -- -- -- -- -- -- --
Phenol 1,100,000 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Sample ID
Sample Date
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TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

SP-01 SP-02 SP-03 SW-01 SW-03 
10/15/2008 12/17/2008 4/28/2009 7/23/2009 10/15/2008 12/18/2008 4/28/2009 7/23/2009 10/15/2008 12/15/2008 4/28/2009 7/24/2009 10/14/2008 12/14/2008 4/28/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/24/2009

PSL4,5

Sample ID
Sample Date

PAHs (μg/L)
1-Methylnaphthalene NA -- 0.38 J -- 0.32 -- 0.088 J -- 0.11 -- 2.8 J -- 2.8 -- -- -- -- -- -- -- --
2-Methylnaphthalene NA -- 0.36 J -- 0.28 -- 0.024 J -- 0.030 -- 2.8 J -- 2.5 -- -- -- -- -- -- -- --
Acenaphthene 640 0.32 0.37 J 0.38 0.38 0.081 0.18 J 0.18 0.14 0.86 0.89 J 1.1 0.91 -- -- -- -- -- -- -- --
Acenaphthylene NA -- -- -- -- -- -- -- -- 0.029 0.026 J 0.022 J 0.021 J -- -- -- -- -- -- -- --
Anthracene 26,000 0.024 0.029 J 0.022 0.028 -- -- -- -- 0.044 0.059 J 0.047 0.046 -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.022 -- -- -- --
Chrysene 0.02 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.014 -- -- -- --
Dibenzofuran NA -- 0.12 J -- 0.12 -- 0.039 J -- 0.031 -- 0.3 J -- 0.31 -- -- -- -- -- -- -- --
Fluoranthene 90 0.028 0.037 J 0.036 0.035 -- 0.026 J 0.021 0.020 0.064 0.07 J 0.087 0.064 -- -- -- 0.011 -- -- -- --
Fluorene 3,500 0.18 0.24 J 0.21 0.2 0.058 0.12 J 0.10 0.080 0.51 0.62 J 0.61 0.49 -- -- -- -- -- -- -- --
Naphthalene 4,900 0.25 0.57 J 0.62 0.28 -- 0.038 J -- -- -- 0.11 J 0.18 -- -- -- -- -- -- -- -- --
Phenanthrene NA 0.11 0.11 J 0.15 0.21 0.019 0.035 J 0.026 0.032 0.40 0.42 J 0.52 0.43 -- -- -- 0.011 -- -- -- --
Pyrene 2,600 0.024 0.031 J 0.028 0.03 0.012 0.03 J 0.024 0.028 0.05 0.051 J 0.057 0.045 -- -- -- 0.013 -- -- -- --

VOCs (μg/L)
1,2,4-Trimethylbenzene NA 0.8 0.4 0.5 1.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,3,5-Trimethylbenzene NA -- -- -- 0.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,2-Dichlorobenzene 1,300 0.3 0.4 0.4 0.3 J -- -- -- -- 0.3 0.3 0.3 0.3 J -- -- -- -- -- -- -- --
1,4-Dichlorobenzene 4.9 0.7 0.8 0.6 0.6 J -- 0.3 0.2 0.3 J 1.7 2.0 1.8 1.6 J -- -- -- -- -- -- -- --
2-Butanone NA -- -- 5.9 -- -- -- 3.5 -- -- -- -- -- -- -- -- -- -- -- -- --
Acetone NA 4.7 -- -- -- 6.9 -- -- -- 12 -- -- -- -- -- -- -- 3.1 -- -- --
Benzene 23 2.6 2.4 1.9 2.2 0.4 -- 0.3 0.2 0.8 0.8 0.8 0.6 -- -- -- -- -- -- -- --
Bromoform 140 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 17
Carbon Disulfide NA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4.1 -- -- 0.2 --
Chlorobenzene 1,600 7.6 8.2 5.7 6.8 0.3 0.7 0.6 0.8 4.1 4.5 4.0 3.9 -- -- -- -- -- -- -- --
Chloroethane NA -- -- -- -- -- -- -- -- 0.4 0.4 0.3 -- -- -- -- -- -- -- -- --
Chloroform 280 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloromethane 130 -- -- -- -- -- -- -- -- -- 0.2 -- -- -- -- -- -- -- -- -- --
Dibromochloromethane 13 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.3
Diethyl ether NA 0.14 J -- 0.14 J 0.15 J 0.20 J -- 0.42 J 0.56 J 0.84 J -- 0.87 J 0.79 J -- -- -- -- -- -- -- --
Isopropylbenzene NA 0.2 -- -- 0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
m, p-Xylene NA 1.9 1.5 1.2 2.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Methylene chloride 590 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
o-Xylene NA 2.7 1.7 1.6 3.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
sec-Butylbenzene NA -- -- -- -- -- -- -- -- 0.2 -- 0.2 0.2 -- -- -- -- -- -- -- --
Toluene 15,000 1.8 1.4 1.3 1.7 -- -- 0.3 -- -- -- 0.3 -- -- 0.4 -- 32 -- -- -- --

PCBs (μg/L)
Aroclor 1232 NA -- -- -- -- -- -- 0.028 -- -- 0.086 J 0.091 -- -- -- -- -- -- -- -- --
Aroclor 1242 NA -- -- -- -- -- -- -- -- 0.035 J 0.029 J -- -- -- -- -- -- -- -- -- --
Total PCBs7 0.07 -- -- -- -- -- -- 0.058 -- 0.065 0.14 0.121 -- -- -- -- -- -- -- -- --

Pesticides (μg/L)
4,4'-DDD 0.00166 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
alpha-BHC 0.0049 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
beta-BHC 0.017 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
delta-BHC 0.041 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
gamma-BHC (Lindane) 0.04 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

R:\14159 - Skagit Whitmarsh Landfill\021\Tables\Table 11
AMEC Geomatrix, Inc.

Page 4 of 6



TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

SW-04 SW-05 SW-06 SW-07
10/15/2008 12/18/2008 4/29/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/23/2009 12/17/2008 4/28/2009

PSL4,5

Dissolved Metals6 (μg/L)
Aluminum NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Arsenic 0.2 2 -- 2 J- 3 -- -- 1.7 J- 3 3 -- 4 J- 5 0.5 J 0.6 J-
Barium NA 4 33 11 J- 12 13 18 22 J- 20 11 18 14 J- 12 43 71 J-
Copper 2.4 -- 5 3 J- 3 -- 3 2 J- 4 -- 3 3 J- 6 -- --
Iron NA 280 -- 170 J- 180 -- 300 -- 70 -- -- -- -- -- --
Manganese 100 68 246 164 J- 55 345 227 795 J- 75 80 132 289 J- 32 229 169 J-
Molybdenum NA 13 40 7 J- -- 21 13 -- 5 40 20 8 J- -- 24 19 J-
Nickel 8.2 2.6 11 5 J- 5.0 5.8 3 4 J- 6.0 8 7 6 J- 7 4 1.7 J-
Silver 26,000 -- -- -- -- -- -- -- -- 8 -- -- -- -- --
Selenium 71 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Strontium NA 425 3,750 802 J- 1,740 1,340 729 621 J- 2,480 3,630 2,470 1,860 J- 3,650 280 327 J-
Titanium NA -- -- -- 7 -- -- -- 6 -- 7 7 J- 10.0 -- --
Vanadium NA -- -- 3 4 -- -- -- 4 -- -- 4 J- -- -- --
Zinc 81 -- -- -- -- -- 20 -- -- -- -- -- -- -- --

Total Metals6 (μg/L)
Aluminum NA 1,570 4,240 440 1,090 120 400 190 90 -- 2,250 370 -- 110 --
Arsenic 0.2 2.8 8 2 4.0 J 1.5 0.8 1.6 4 J 3 3 3 5 J 1.7 1.4
Barium NA 12 49 13 18 15 18 24 20 14 26 15 14 92 115
Chromium 240,000 5 10 -- -- -- -- -- -- -- -- -- -- -- --
Copper 2.4 4 12 4 6 -- 4 3 4 -- 8 4 7 3 --
Iron NA 3,490 7,580 1,020 2,440 1,700 1,080 2,010 720 490 4,620 1,370 500 18,000 12,800
Lead 8.1 1 -- -- -- -- -- -- -- -- -- -- -- 1 --
Manganese 100 125 382 176 107 366 243 782 89 90 239 300 38 262 197
Mercury 0.025 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Molybdenum NA 8 40 6 -- 22 13 -- 5 40 20 8 -- 26 18
Nickel 8.2 6.0 17 5 7 J 6.9 4.8 4.1 7 J 8 11 6 10 J 4.7 2.0
Silver 26,000 -- -- -- -- 3 -- -- -- 7 -- -- -- -- --
Strontium NA 431 3,970 805 1,790 1,400 738 606 2,320 3,700 2,530 1,790 3,630 299 347
Titanium NA 83 250 29 79 6 21 12 14 -- 142 27 20 11 --
Vanadium NA 7 9 5 7 -- -- -- 4 -- 7 6 6 -- --
Zinc 81 20 -- -- -- 20 20 20 -- -- -- -- -- 40 --

TPH (mg/L)
Diesel-Range Organics (TPH-D) NA -- -- -- -- -- -- -- -- -- -- -- -- -- --

SVOCs (μg/L)
1-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
2,4-Dimethylphenol 550 -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Methylphenol NA -- -- -- -- 37 J -- -- -- -- -- -- -- -- --
4-Chloro-3-methylphenol NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
4-Methylphenol NA -- -- -- -- 55 -- -- -- -- -- -- -- -- --
Acenaphthene 640 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzoic acid NA -- -- -- -- 5,500 -- -- -- -- -- -- -- -- --
Benzyl alcohol NA -- -- -- -- 600 -- -- -- -- -- -- -- -- --
bis(2-Ethylhexyl) phthalate 2.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Butyl benzyl phthalate 1,300 -- -- -- -- 23 -- -- -- -- -- -- -- -- --
Carbaryl (Sevin) NA -- -- -- -- -- -- -- -- -- -- -- -- 1.8 1.2
Diethyl phthalate 28,000 -- -- -- -- 1.9 J -- -- -- -- -- -- -- -- --
Di-n-Butyl phthalate 2,900 -- -- -- -- 2.8 -- -- -- -- -- -- -- -- --
Naphthalene 4,900 -- -- -- -- 1.9 J -- -- -- -- -- -- -- -- --
N-Nitrosodiphenylamine 6 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Phenol 1,100,000 -- -- -- -- 50 -- -- -- -- -- -- -- -- --

Sample ID
Sample Date
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TABLE 11

SUMMARY OF TEST RESULTS FOR MONITORING WELL, SEEP, AND SURFACE WATER SAMPLES 
OCTOBER AND DECEMBER 2008 AND APRIL AND JULY 20091,2,3

March Point (Whitmarsh) Landfill
Skagit County, Washington

SW-04 SW-05 SW-06 SW-07
10/15/2008 12/18/2008 4/29/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/24/2009 10/15/2008 12/17/2008 4/29/2009 7/23/2009 12/17/2008 4/28/2009

PSL4,5

Sample ID
Sample Date

PAHs (μg/L)
1-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.15 J --
2-Methylnaphthalene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.061 J --
Acenaphthene 640 -- -- -- -- 0.014 0.016 J 0.064 -- -- -- 0.010 -- 0.37 J 0.40
Acenaphthylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Anthracene 26,000 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzo(g,h,i)perylene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chrysene 0.02 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Dibenzofuran NA -- -- -- -- -- -- -- -- -- -- -- -- 0.065 J --
Fluoranthene 90 -- -- -- -- -- -- -- -- -- -- -- -- 0.015 J 0.018
Fluorene 3,500 -- -- -- -- -- -- -- -- -- -- -- -- 0.15 J 0.13
Naphthalene 4,900 -- -- -- -- -- -- -- -- -- -- -- -- 0.097 J 0.11
Phenanthrene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.059 J 0.062
Pyrene 2,600 -- -- -- -- -- -- -- -- -- -- -- -- 0.01 J 0.011

VOCs (μg/L)
1,2,4-Trimethylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.2 0.8
1,3,5-Trimethylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2
1,2-Dichlorobenzene 1,300 -- -- -- -- -- -- -- -- -- -- -- -- -- --
1,4-Dichlorobenzene 4.9 -- -- -- -- -- -- -- -- -- -- -- -- -- --
2-Butanone NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Acetone NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Benzene 23 -- -- -- -- -- -- -- -- -- -- -- -- 2.2 3.6
Bromoform 140 -- -- -- 12 -- -- -- 15 -- -- -- 12 -- --
Carbon Disulfide NA -- -- -- 0.2 -- -- -- -- -- -- -- -- -- --
Chlorobenzene 1,600 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloroethane NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloroform 280 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Chloromethane 130 -- -- -- -- -- -- -- -- -- -- -- -- -- --
Dibromochloromethane 13 -- -- -- 0.3 -- -- -- 0.3 -- -- -- 0.3 -- --
Diethyl ether NA -- -- -- -- -- -- -- -- -- -- 0.40 J 0.27 J -- 0.14 J
Isopropylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
m, p-Xylene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.6 1.6
Methylene chloride 590 -- -- -- -- -- -- -- -- -- -- -- -- -- --
o-Xylene NA -- -- -- -- -- -- -- -- -- -- -- -- 0.9 2.2
sec-Butylbenzene NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Toluene 15,000 -- -- 0.2 -- -- 0.2 -- -- -- -- -- -- 0.8 1.4

PCBs (μg/L)
Aroclor 1232 NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Aroclor 1242 NA -- -- -- -- -- -- -- -- -- -- -- -- -- --
Total PCBs7 0.07 -- -- -- -- -- -- -- -- -- -- -- -- -- --

Pesticides (μg/L)
4,4'-DDD 0.00166 -- -- -- -- -- -- -- -- -- 0.0019 J -- -- -- --
alpha-BHC 0.0049 -- -- -- -- -- -- -- -- -- -- -- -- -- --
beta-BHC 0.017 -- -- -- -- -- -- -- -- -- -- -- -- -- --
delta-BHC 0.041 -- -- -- -- -- -- -- -- -- -- -- -- -- --
gamma-BHC (Lindane) 0.04 -- -- -- -- -- -- -- -- -- -- -- -- -- --

Notes Abbreviations
1.  Results in bold indicate exceedance of preliminary screening level. µg/L = micrograms per liter
2.  Flags: mg/L = milligrams per liter
     J = Reported value is an approximation.  J- = Value is an approximation with a low bias. PCBs = polychlorinated biphenyls
3.  -- Not detected. PAHs = polyaromatic hydrocarbon
4.  NA = PSL not established. PCBs = polychlorinated biphenyls
5.  The detection limits reported by the laboratory were equal to or less than the PSLs, except for samples SVOCs = semivolatile organic compounds
      that required dilution due to matrix interference. TPH = total petroleum hydrocarbon
6.  The following metals were detected in the total fraction of some samples but were not detected in the VOCs = volatile organic compounds
     dissolved fraction: chromium, lead, and, mercury. VOCs = volatile organic compounds
7.  One-half of the reporting limit was used for non-detected Aroclors to calculate total PCBs.
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MW-01 PSL 11.5 20.5 37.0
Copper 36 NE NE 61
Molybdenum 0.5 1 1.4 3
Nickel 48 99 81 56
Strontium 0.1 24.4 19.4 72

MW-03 PSL 11.5
Copper 36 373
Molybdenum 0.5 4
Nickel 48 80
Strontium 0.1 29.3
Zinc 100.8 282
Aroclor 1254 0.004 0.027
Total PCBs 0.028 0.0667

MW-04 PSL 8.5 19.0
Arsenic 7 14 J NE
Copper 36 44.6 NE
Molybdenum 0.5 2.7 2.3
Nickel 48 83 60
Strontium 0.1 35.9 33.2

G10 PSL 8.0
Molybdenum 0.5 1.9
Nickel 48 67
Strontium 0.1 32.8

G11 PSL 11.0
Arsenic 7 13
Molybdenum 0.5 5
Strontium 0.1 64.1

G3 PSL 1.0 8.0 12.0
Arsenic 7 NE NE 8.8
Copper 36 NE 76 NE
Mercury 0.07 NE 0.1 0.08
Molybdenum 0.5 1.6 2 3.9
Nickel 48 63 60 NE
Strontium 0.1 47 29.2 58
Zinc 100.8 NE 174 NE
Aroclor 1254 0.004 NE 0.022 NE
Total PCBs 0.028 NE 0.0626 NE
delta-BHC 0.0017 0.0098 0.12 NE
Dieldrin 0.0033 NE 0.024 NE

G4 PSL 1.0 5.0
Cadmium 1.214 NE 2.7
Copper 36 NE 49.3
Lead 220 NE 238
Mercury 0.07 NE 0.08
Molybdenum 0.5 1.8 2.7
Nickel 48 76 75
Strontium 0.1 46.6 48
Zinc 100.8 NE 311
Aroclor 1254 0.004 NE 0.24
Total PCBs 0.028 NE 0.373
Methoxychlor 0.04812 0.071 NE

G1 PSL 1.0 5.5
Cadmium 1.214 NE 2.6
Copper 36 NE 76
Mercury 0.07 NE 6.9
Molybdenum 0.5 2.1 6
Nickel 48 76 90
Strontium 0.1 33.6 33.3
Zinc 100.8 NE 381
Benzo(a)anthracene 0.1297 NE 0.27
Benzo(a)pyrene 0.1 NE 0.24
Chrysene 0.1441 NE 0.32
Total PCBs 0.028 NE 0.69

G5 PSL 1.0 5.0 9.0
Copper 36 NE NE 36.4
Mercury 0.07 -- NE 0.26
Molybdenum 0.5 1.8 2.7 2.4
Nickel 48 62 65 62
Strontium 0.1 47.7 32.1 31.4
Zinc 100.8 187 225 187
Benzo(a)anthracene 0.1297 NE NE 0.13
Benzo(a)pyrene 0.1 NE NE 0.12
bis(2-Ethylhexyl) phthalate 4.849 NE NE 6
Chrysene 0.1441 NE NE 0.18
TPH-Gasoline 0.03 NE NE 0.31
Aroclor 1254 0.004 NE NE 0.11
Total PCBs 0.028 NE NE 0.2675
Aldrin 0.0017 NE NE 0.39
Dieldrin 0.0033 NE NE 0.21

G6 PSL 6.0
Copper 36 70.8
Mercury 0.07 NE
Molybdenum 0.5 4.6
Nickel 48 69
Strontium 0.1 30.9
Zinc 100.8 345
Aroclor 1254 0.004 0.031
Total PCBs 0.028 0.133
delta-BHC 0.0017 0.0031



MW-02 PSL 10/14/2008 12/18/2008 4/29/2009 7/23/2009
Dissolved Arsenic 0.2 1.9 2.2 2.3 J- 2.5
Total Arsenic 0.2 2.0 2.2 2.3 2.8

MW-04 PSL 10/14/2008 12/19/2008 4/29/2009 7/23/2009
Dissolved Arsenic 0.2 4.6 4.4 5.5 J- 5.9
Dissolved Manganese 100 127 121 124 J- 125
Total Arsenic 0.2 4.1 4.8 5.6 5.6
Total Manganese 100 136 129 124 127

MW-03 PSL 10/14/2008 12/18/2008 4/28/2009 7/23/2009
Dissolved Arsenic 0.2 4.1 0.5 0.5 J- 4.1
Dissolved Manganese 100 332 227 276 J- 319
Total Arsenic 0.2 4.9 2.7 2.8 4.1
Total Copper 2.4 3 NE NE NE
Total Lead 8.1 16 J NE NE NE
Total Manganese 100 350 254 301 307
4,4'-DDD 0.00166 NE 0.0056 J 0.0058 0.0075
alpha-BHC 0.0049 0.015 0.031 J 0.041 0.016

SP-01 PSL 10/15/2008 12/17/2008 4/28/2009 7/23/2009
Dissolved Arsenic 0.2 0.4 NE 0.4 J- 1.2
Dissolved Manganese 100 154 233 225 J- 173
Total Arsenic 0.2 1.4 1.4 1.3 1.3
Total Manganese 100 173 251 238 163

SP-03 PSL 10/15/2008 12/15/2008 4/28/2009 7/24/2009
Dissolved Arsenic 0.2 0.8 NE 0.6 J- 0.8
Dissolved Manganese 100 434 477 545 J- 444
Total Arsenic 0.2 1.3 NE 1.1 0.8
Total Manganese 100 557 495 570 395
Diesel-Range Organics 500 NE 550 640 760
Total PCBs 0.07 NE 0.14 0.121 NE

SP-02 PSL 10/15/2008 12/18/2008 4/28/2009 7/23/2009
Dissolved Arsenic 0.2 NE NE 0.7 J- 1.1
Dissolved Manganese 100 126 364 332 J- 321
Total Arsenic 0.2 NE 1.4 1.7 2.4
Total Copper 2.4 NE 5 NE NE
Total Manganese 100 NE 409 373 314



SW-01 PSL 10/14/2008 12/14/2008 4/28/2009 7/24/2009
Dissolved Arsenic 0.2 3.2 2.4 2.9 J- 5.1
Dissolved Manganese 100 NE NE 391 J- 150
Total Arsenic 0.2 4.8 5.8 5 21.3
Total Copper 2.4 NE 5 NE 38
Total Lead 8.1 NE NE NE 24
Total Manganese 100 NE 660 414 313
Total Mercury 0.025 NE 0.0284 NE 0.0649
Total Nickel 8.2 NE NE NE 72.2
Total Zinc 81 NE NE NE 150

SW-03 PSL 10/15/2008 12/17/2008 4/29/2009 7/24/2009
Dissolved Arsenic 0.2 1.1 NE 1.8 J- 1.8
Dissolved Copper 2.4 NE 3 NE NE
Dissolved Manganese 100 203 335 159 J- 180
Dissolved Nickel 8.2 NE 9 NE NE
Total Arsenic 0.2 2.2 NE 3 2.5
Total Copper 2.4 NE 4 10 3
Total Manganese 100 230 353 276 195
Total Nickel 8.2 NE 9 12.6 NE

SW-04 PSL 10/15/2008 12/18/2008 4/29/2009 7/24/2009
Dissolved Arsenic 0.2 2 NE 2 J- 3
Dissolved Copper 2.4 NE 5 3 J- 3
Dissolved Manganese 100 NE 246 164 J- NE
Dissolved Nickel 8.2 NE 11 NE NE
Total Arsenic 0.2 2.8 8 2 4
Total Copper 2.4 4 12 4 6
Total Manganese 100 125 382 176 107
Total Nickel 8.2 NE 17 NE NE

SW-05 PSL 10/15/2008 12/17/2008 4/29/2009 7/24/2009
Dissolved Arsenic 0.2 NE NE 1.7 J- 3
Dissolved Copper 2.4 NE 3 NE 4
Dissolved Manganese 100 345 227 795 J- 75
Total Arsenic 0.2 1.5 0.8 1.6 4
Total Copper 2.4 NE 4 3 4
Total Manganese 100 366 243 782 89

SW-06 PSL 10/15/2008 12/17/2008 4/29/2009 7/23/2009
Dissolved Arsenic 0.2 3 NE 4 J- 5
Dissolved Copper 2.4 NE 3 3 J- 6
Dissolved Manganese 100 NE 132 289 J- NE
Total Arsenic 0.2 3 3 3 5
Total Copper 2.4 NE 8 4 7
Total Manganese 100 NE 239 300 NE
Total Nickel 8.2 NE 11 NE 10
4,4'-DDD 0.00166 NE 0.0019 J NE NE

SW-07 PSL 12/17/2008 4/28/2009
Dissolved Arsenic 0.2 0.5 0.6 J-
Dissolved Manganese 100 229 169 J-
Total Arsenic 0.2 1.7 1.4
Total Copper 2.4 3 NE
Total Manganese 100 262 197
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Northwest  
Geophysical  
Associates, Inc. 

1600 SW Western Boulevard, Suite 200 
PO Box 1063, Corvallis, OR 97339-1063 
Phone: (541) 757-7231   FAX:  (541) 757-7331 
www.nga.com   

 
October 3, 2008 

NGA Ref: 683 
 
Mr. David Haddock 
CC: Mr. Niklas Bacher 
       Mr. John Luttinger 
       Mr. Koorus Tahghighi 
AMEC Geomatrix 
600 University Street, Suite 1020 
Seattle, WA 98101 
 
 
Re: Geophysical Site Investigation 
 Whitmarsh Landfill 

Anacortes, Washington 
 
Dear Mr. Haddock: 
 
This letter presents the results of the geophysical site investigation that Northwest 
Geophysical Associates, Inc. (NGA) performed at the Whitmarsh Landfill, Anacortes, 
Washington (see Figure 1 – Site Location Map).  The field work was performed 
September 11-14, 2008.  The purpose of the investigation was to characterize the fill 
material with the primary objective of identifying anomalies that could be consistent with 
concentrations of steel drums within the landfill footprint.  An interpreted anomaly map 
is presented in this report as Figure 2. 

Scope of Services 
NGA conducted a geophysical site investigation, as described below, primarily on the 
central and southern section of the Whitmarsh Landfill site, measuring approximately 10 
acres (Figure 1).  The northern portion of the site is currently an active cedar mill and 
timber storage yard while the southern portion of the site is unoccupied.  Northern 
portions of the site that included substantial surface metallic objects and/or litter 
(buildings, crane, metallic pipes and cables, export containers) were excluded from the 
geophysical investigation in consultation with AMEC Geomatrix, Inc. (AMEC) 
geophysicist, John Luttinger. 
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Field Methodology 
The geophysical investigation included an electromagnetic (EM) survey utilizing the 
Geonics EM31 terrain conductivity meter and a magnetic (MAG) survey utilizing a 
Geometrics G858G magnetometer/gradiometer.  Basic principles of these techniques are 
described in Attachment B, Geophysical Detection of Buried Objects.   

Geophysical Investigation, Mill Operations, and Brush Clearance 
Geophysical survey activities were coordinated with mill operations and brush clearance 
activities throughout the duration of the four survey days.  NGA collected geophysical 
data over the mill and timber storage yard portions of the site during the first few days of 
the investigation which enabled mill equipment operators to move material stock piles 
(e.g. log stacks, bark material piles) during the last several days of the investigation.  
Movement of the material piles allowed NGA to complete the investigation of the site by 
collecting data in the areas previously covered by the material stock piles.   

Also during the first day of the geophysical investigation, the southern third of the site 
was cleared of brush (e.g. blackberry brambles) which would have prevented the 
collection of geophysical data.  Brush clearance was performed by track mounted, bladed 
heavy equipment operated by an AMEC subcontractor.  NGA collected geophysical data 
in this area.  Some areas with trees and blackberry brambles were left uncleared by the 
AMEC subcontractor; these were excluded from the geophysical survey. 

Magnetic Data Acquisition 
The MAG survey was conducted using a Geometrics G858G cesium magne-
tometer/gradiometer.  This instrument was run in the “continuous” sampling mode, 
recording the magnetic field at 0.2 second intervals (approximately 1 foot).  Two 
magnetic sensors spaced 0.5 meters apart, one above the other, were used to obtain the 
vertical magnetic gradient.  Line spacing for the MAG survey was 10 feet.  Magnetic 
survey lines are shown on Figures 3-5. 

Electromagnetic Data Acquisition 
EM data were acquired using a Geonics EM-31 terrain conductivity meter.  Both 
quadrature-phase (apparent conductivity) and in-phase data were recorded.  Data were 
recorded at a 0.2 second interval, corresponding to a distance of approximately 1 foot.  
Data were recorded on an Allegro handheld ruggedized field computer (Windows 
CE/DOS) running NAV31 software from Geomar of Mississauga, Ontario.  EM data 
points are shown on Figures 6 and 7. 

Survey Positioning 
Both MAG and EM readings were positioned using individual Trimble AG132 GPS 
systems.  The AG 132 GPS system is a real time differential GPS system using the 
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Omnistar satellite subscription service for the differential correction.  The GPS system 
has “sub-meter” accuracy; hence positions are generally good to ±1-2 feet, but may be off 
by 2-3 feet.  Positioning data are reported in the UTM zone 10N projection using the 
WGS 84 datum with units of US survey feet.  

Survey Control 
Several survey control reference points were located using a Trimble ProXRS DGPS 
(sub-meter accuracy) system.  These Geophysical Survey Reference Points (Table 1 
below) were marked in the field with survey lath, and are noted on Figures 1-7.   

Table 1 – Geophysical Survey Reference Points 
(UTM zone 10N, WGS84, US Survey foot) 

 
Easting  Northing  Geophysical Survey Point 
1754372.58  17611200.98 GSP‐A 
1754215.73  17611108.50 GSP‐B 
1754825.63  17610762.47 GSP‐C 
1754882.84  17610607.38 GSP‐D 
1754927.41  17610460.49 GSP‐E 
1754718.67  17610638.82 GSP‐F 
1754525.14  17611089.43 GSP‐G 
1754304.33  17610943.66 GSP‐H 

 

Data Processing 
Magnetic (MAG) and electromagnetic (EM) data were gridded and contoured using the 
Geosoft Oasis Montaj Data Processing and Analysis software system. 

Magnetic Field Data 
Magnetic data are displayed on three figures, one plot of the analytic signal (Figure 3), 
the total magnetic signal (Figure 4), and the magnetic vertical gradient (Figure 5).  The 
analytic signal is our preferred presentation as it provides a simplified signature and 
better resolution of the anomalous areas than unprocessed field data.  A high in the 
analytic signal occurs directly over the magnetic “source.”  The analytic signal is 
described below. 

The total magnetic field plot shows the data from the top sensor of the G858, which was 
also used to calculate the analytic signal.  The vertical gradient is obtained by taking the 
difference in the magnetic field as measured by two sensors spaced 0.5 meters apart, one 
above the other.  Anomalies will have both high and low values associated with them. 
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Analytic Signal 
The analytic signal is derived from the total magnetic field data.  It is presented here as a 
more concise display of that data set.  On the color contour plot (Figure 3) values of the 
analytic signal below a threshold value are not colored (i.e., are white) and represent 
areas where little or no metallic material may be present.  Higher amplitude anomalies 
generally indicate "stronger" source objects.  A "stronger" source object may be more 
magnetic (generally a larger mass of steel), or it may be closer to the surface, or both.  
The amplitudes of the anomalies also depend upon the orientation of the source objects in 
the earth's magnetic field.  This is especially true for elongate bodies such as pipes and 
cables. 

The analytic signal is defined as the amplitude of the gradient vector of the total magnetic 
field data.  The gradient (rate of change) of the total magnetic field is a vector field.  The 
analytic signal is the magnitude of that vector, or the rate of change in the direction of 
maximum rate of change.  The color contour plot shows the amplitude of the gradient.   

Mathematically, the analytic signal can be expressed as: 
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where: 

 A   is the analytic signal, 
 M   is the observed total magnetic field, and 
 ∂    is the partial derivative operator. 

Derivatives are calculated in the frequency domain, from the gridded total field data. 

Further discussion of the concept of the analytic signal can be found in the following 
publication: 

Roest, W.R., Verhoef, J., and Pilkington, M., 1992, "Magnetic interpretation using the 
3-D analytic signal:"  Geophysics, vol.57(1); p.116-125. 

Electromagnetic Data 
Both quadrature phase (conductivity) and in-phase EM data were recorded in the field.  
Appendix B includes a discussion of these two measured parameters of the EM response.  
Plots of both data sets are presented on Figures 6 and 7. 

Generally, the ground conductivity was moderate, 40-50 millisiemen/meter (mS/m).  
Hence, any deviation, positive or negative, from that background likely indicates the 
presence of a metallic conductor or anomalous ground.  Likewise the background in-
phase response is +5.0 to +6.0 and any deviation, positive or negative, from that 
background likely indicates the presence of a metallic conductor. 
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RESULTS AND INTERPRETATION 
Electromagnetic and magnetic data plots are presented on Figures 3-7.  The interpretation 
of those data, in terms of possible locations of buried objects is summarized in Figure 2 
and discussed below.   

Electromagnetic Interpretation - Apparent Conductivity Trend 
Electromagnetic data plots are presented on Figures 6 and 7.  Three noticeable zones of 
apparent conductivity are present across the site, divided by two fairly abrupt transition 
zones.  It is likely that these trends can be attributed to past activities at the site (e.g. 
landfill activities); however, it is just as likely that these trends are the result of more 
recent activities at the site (e.g. mill activities).  Higher apparent conductivity values 
appearing in the southwest corner of the site may be related to the presence of a drainage 
ditch (and its contents) adjacent to the western edge of the survey area.  Several EM 
anomalies likely indicative of metallic bodies appear throughout Conductivity Zone B. 

 
Conductivity Zone A: 
Figure 6 shows gridded quadrature phase (apparent conductivity) EM data.  The 
northern portion of the site exhibits higher apparent conductivity values, 
averaging 50 mS/m.  This area has been labeled Conductivity Zone A on Figures 
2 and 6. 
Conductivity Zone B: 
An apparent conductivity transition appears in the southern third of the surveyed 
area where apparent conductivities are lower, averaging 25 mS/m.  Both 
conductivity and in-phase readings are somewhat chaotic through this area, 
showing considerable small scale variations.  This signature is indicative of 
concentrations of buried debris or landfill deposits.  The area of lower apparent 
conductivity values is labeled as Conductivity Zone B on Figures 2 and 6. 
Conductivity Zone C: 
Another transition occurs in the southeast corner of the surveyed area, leaving an 
area of high conductivities, 90 mS/m and higher.  The area of high apparent 
conductivity values is labeled as Conductivity Zone C on Figures 2 and 6. 

Magnetic Anomalies 
Magnetic Anomalies appear throughout the site, and are concentrated largely in the 
southern third of the surveyed area.  Magnetic data plots are presented on figures 3-5.  It 
is NGA’s preference to select anomalies of interest from the analytic signal data, and 
magnetic anomalies discussed below have been selected from the analytic signal data 
with consideration being given to the total field and vertical magnetic gradient data. 

Small (single source) Magnetic Anomalies: 
Individual magnetic anomalies likely indicative of smaller single source bodies 
appear in abundance throughout the southern end of the site and are likely 
attributable to near surface landfill materials (e.g. appliances).   
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Large Magnetic Anomalies: 
Several larger magnetic anomalies, displaying magnetic signature across two or 
more survey transect lines, also appear in this southern section of the site.  These 
are likely attributable to concentrations of landfill materials/metallic items in the 
near subsurface. 

Linear MAG/EM Anomaly: 
A long linear anomaly appears in the magnetic analytic signal between GSP-H 
and the western property survey marker.  This anomaly also appears in the 
conductivity data, and may indicate the presence of a deeper steel pipe, and/or 
perhaps a reinforced concrete pipe.  The anomaly is not consistent with MAG or 
EM data signatures exhibited by buried drums; such anomalies exhibit much 
stronger and more chaotic MAG and EM readings than those observed from this 
linear pipe-like anomaly. 

Anomalies of Interest 
NGA selected eleven Anomalies of Interest from the MAG and EM geophysical data.  
The anomalies are listed in Table 2 and discussed below. 

Table 2 – Anomalies of Interest Locations 
(UTM zone 10N, WGS84, US Survey foot) 

 
TargetID  Easting X  Northing Y  Type 
G1  1754679.3 17610635.4 MAG 
G2  1754774.4 17610551.6 MAG 
G3  1754906.4 17610810.4 MAG 
G4  1754869.6 17610593.8 MAG 
G5  1754754.7 17610895.9 MAG 
G6  1754582.2 17610924.6 MAG 
G7  1754924.2 17610532.9 MAG 
G8  1754696.4 17610909.1 MAG 
G9  1754576.9 17610997.9 EM 
G10  1754288.8 17611033.2 EM 
G11  1754842.7 17610724.9 EM 

 

Targets G1-G8 were selected from MAG data (primarily from analytic signal data), and 
are targets which exhibited a magnetic signature across two or more transect survey lines.  
Anomalies exhibiting signatures across two or more transect survey lines are more likely 
to be concentrations of metallic debris in the subsurface than single source items.  
Anomalies G9-G11 were selected from EM data (primarily from the in-phase data), and 
are anomalies which exhibited EM signatures across two or more data transects, and were 
consistent with anomalies exhibited by metallic conductive bodies. 
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Closure 
Northwest Geophysical Associates, Inc. performed this work in a manner consistent with 
the level of skill ordinarily exercised by members of the profession currently practicing 
under similar conditions.  No warranty, express or implied, beyond exercise of 
reasonable care and professional diligence, is made.  This report is intended for use only 
in accordance with the purposes of the study described within.   

 

Please feel free to contact us if you have any questions or comments regarding this 
information, or if you require further assistance.  We appreciated the opportunity to work 
with you on this project. 

 

Sincerely, 

Northwest Geophysical Associates, Inc. 

 

 

Neil McKay 
Project Geophysicist 
 
Attachments:  Figures 1-7 
 Attachment B: Geophysical Detection of Buried Objects 
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GEOPHYSICAL DETECTION 
 

OF BURIED OBJECTS 
Revision June 2006 

 
 
INTRODUCTION 

Several geophysical techniques are used 
for locating buried objects such as underground 
storage tanks, pipes, utilities, drums and other 
debris.  These techniques are used routinely, and 
are often recommended or required by state 
agencies, funding institutions and/or the EPA, 
particularly on sites where underground burial of 
steel drums or other debris may have occurred or 
where underground storage tanks are suspected.   

Geophysics is generally used in the early 
reconnaissance phase of these investigations as a 
guide to sampling, excavation and/or placement 
of monitoring wells.  In this paper we discribe 
three of the most common geophysical 
techniques, electromagnetics (EM), magnetics 
(MAG) and ground penetrating radar (GPR). 

UTILITY OF GEOPHYSICS: 
First, a few words about "geophysics" as 

used for environmental and geotechnical 
engineering applications.  Surface geophysical 
techniques probe subsurface materials (soils and 
rock) using surface instruments.  This is done by 
measuring physical signals which have 
interacted with the earth materials.  These 
signals may be electrical, magnetic, acoustic 
(seismic) or electromagnetic. 

Surface geophysics offers several 
advantages over other exploration techniques: 

1) Surface geophysical methods are "non-
intrusive" in that they do not disturb the ground 
surface, or stir up any contaminants which might 
be in the soil. 

2) Geophysical methods measure earth 
properties over a large volume.  Whereas 
drilling only samples the earth at the point of the 
borehole, the measured geophysical response is 
affected by earth materials several feet, or tens 
of feet, away from the instrument sensor.  This 
allows broad areas to be effectively "screened" 
with a series of surface measurements. 

3) Most geophysical equipment used in 
environmental and geotechnical applications can 
be hand carried.  Geophysical surveys do not re-
quire vehicular access, but only a walking path, 
clear of brush and obstacles.   

4) Geophysical surveys are relatively 
inexpensive and can be performed quickly. 

TYPICAL OBJECTIVES: 
Geophysics may be used in either the 

reconnaissance mode, or in a detailed survey 
mode.  In the reconnaissance mode, geophysics 
is used to "screen" large areas to determine the 
presence or absence of buried objects. In more 
detailed surveys, the location and extent of the 
object is mapped in greater detail.  This 
facilitates the efficient excavation of tanks or 
debris, aids the effective placement of moni-
toring wells, or improves the design of a 
sampling program. 

The techniques discussed here are also 
useful for objectives other than identifying 
buried objects.  Electromagnetic induction (EM) 
is especially useful in mapping changes in soil 
(e.g. sand or gravel channels), mapping clay 
aquitards and mapping contaminant leachate 
plumes in groundwater.  GPR can be used to 
map shallow stratigraphy or to map zones of dis-
turbed soils. 



  

 
Northwest Geophysical Associates, Inc. DISCUSSION OF GEOPHYSICAL TECHNIQUES 
Revision:  June 2006 GEOPHYSICAL DETECTION OF BURIED OBJECTS 

Page  2 

GEOPHYSICAL METHODS: 
Three geophysical methods are 

commonly used in the search for 
buried objects:  1) electromagnetic 
induction (EM),  2) magnetics 
(MAG), and  3)  ground penetrating 
radar (GPR).  EM and magnetics are 
complementary methods, most effec-
tive in the reconnaissance mode but 
also useful for more detailed work.  
GPR is most effective for detailed 
work, but may also be used in recon-
naissance surveys. 

Electromagnetic Methods: 
The electromagnetic induction 

(EM) technique measures the electri-
cal conductivity of the earth by induc-
ing a time varying electric current in 
the earth.  This is shown 
schematically in Figure 1.  The EM 
technique was developed to measure 
natural soil conductivity to aid in 
identifying soil types and to measure 
rock conductivity in order to identify 
zones of conductive mineralization. 

Man-made metallic objects are generally 
orders of magnitude more conductive than 
natural soils.  Thus, the electric currents induced 
in the ground by EM instruments will be 
dramatically affected by the presence of any 
man-made metallic object.  Examples include 
pipes, tanks, cables, concrete reinforcing steel, 
or steel drums.  By looking for anomalous 
signals which cannot be attributed to natural 
soils, buried metallic objects can readily be 
identified. 

Frequency-domain EM – EM31 
Frequency domain EM systems transmit a 

sinusoidal waveform at a fixed frequency, or 
multiple frequencies.  The resulting secondary 
magnetic field may be phase shifted, depending 
on the nature of the target.  Both the in-phase 
component (in phase with the primary magnetic 
field) and the quadrature phase component 
(shifted 90° from the primary field) can be 
measured to provide the phase shift information. 

The Geonics EM-31 is a common 
frequency domain EM instrument, often used for 
buried object detection.  The upper left photo on 
the cover shows the EM-31 in a field situation.  
A transmitter coil is in one end of the boom and 
a receiver coil in the other end.  Depth of 
investigation is generally 10-15 feet, but the 
EM-31 may detect large metal objects at a 
somewhat greater distance.  The instrument can 
quickly cover a wide area, mapping anomalous 
areas (metallic object locations) as well as 
changes in the soil character. 

Figure 2 shows some sample data over a 
disposal site where 55 gallon steel drums had 
been dumped on the edge of a bluff and then 
covered with soil, extending the bluff for tens of 
feet (cross hatched block in Figure 2).  The 
noisy and/or negative "apparent" conductivity is 
a clear indicator of metallic objects.  The EM-31 
also records an "in-phase response" which aids 
in identifying metallic conductors.  Data in 
Figure 2 indicate the zone of burial extends from 
560 feet to 940 feet along the line of the profile. 

FIGURE 1 

PRINCIPLES OF ELECTROMAGNETIC INDUCTION 
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Time-domain EM – EM61 
Time-domain EM systems transmit a 

magnetic pulse, with a duration in the order of 
10s of micro-seconds (µs).  That magnetic pulse 
induces electric currents in the ground as well as 
in any metallic object which is buried (or on the 
surface) within its range of influence.  Currents 
induced in metallic conductors decay at a much 

slower rate than currents induced 
in the ground.  Hence, metallic 
conductors can be easily 
identified. 

The EM61-MK2 is a time 
domain metal detector 
manufactured by Geonics, Ltd., 
of Toronto, Canada.  The EM61-
MK2 instrument consists of two 
horizontal air cored coils, 1.0 
meter by 0.5 meters in size. The 
bottom coil acts as a receiver and 
transmitter and the top coil as a 
receiver.  The top coil is 
mounted 28 centimeters above 
the bottom coil.  The instrument 
weighs about 75 lbs. and is 
pulled by one operator.   

The Geonics EM61-MKII 
has 4 time gates, to measure the 
rate of decay of the signal, and 
two receiver coils, to measure 
the field gradient.  The rate of 
decay is dependant on the size, 
shape, and orientation of the 
metallic object.  Generally, they 
are used to estimate gross target 
parameters, but can be used for 
more detailed discrimination of 
targets, particularly in 
identifying unexploded ordnance 
(UXO) materials. 

The two receiver coils are 
very helpful in the recognition of 
near surface objects from deeper 
objects.  Since the amplitude of 
the response is highly dependent 
on the distance between the coil 
assembly and target, small near 
surface targets often produce a 

response orders of magnitude larger than targets 
having greater size at deeper depths.  This 
masking effect form the near surface materials is 
drastically reduced by processing output of the 
two coils, essentially subtracting the bottom coil 
data from the top coil data.  This is referred to as 
the differential mode or the differential signal. 

FIGURE 2 

SAMPLE EM31 & MAGNETIC PROFILES 
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Figure 3 shows some sample data over a 
55 gallon steel drums partially buried, 
essentially flush with the surface of the ground.  
The response from the top and bottom coils is 

indicative of a substantial metallic presence.  
The relatively weak differential response is 
indicative of a shallow target. 

Magnetic Methods: 
Magnetic methods measure dis-

turbances in the earth's natural mag-
netic field.  These disturbances are 
caused by magnetic materials, either 
magnetic rocks, or man made objects 
containing iron or steel.  This is shown 
schematically in Figure 4.  Most soils 
have negligible magnetization (both 
induced and remanent).  Thus, most 
magnetic disturbances from shallow 
sources can be attributed to iron or 
steel objects which have been placed 
there by man's activities. 

Magnetometers used for buried 
object detection usually measure the 
gradient of the magnetic field.  This is 
done by measuring the difference 
between the magnetic field at two 
sensors separated vertically by two or 
three feet.  This configuration is more 
sensitive to nearby disturbances, and is 
less effected by disturbances caused by 
distant objects or shallow bedrock. 

The upper right photo on the 
cover shows a magnetometer/gra-
diometer.  This instrument can also 
cover wide areas quickly, providing 
complementary data to the EM.  Figure 
2 includes total magnetic field data and 
gradiometer data over the barrel 
disposal area. The large deviations in 
both total field and gradient are 
indicative of steel objects in close 
proximity. 

FIGURE 4 

PRINCIPLES OF MAGNETIC EXPLORATION 
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Ground Penetrating Radar: 
Ground penetrating radar (GPR), like 

other radar techniques, sends out an 
electromagnetic pulse (radio wave or 
microwave) which is reflected off a "target" and 
returns to the receiver.  GPR operates at lower 
frequencies (80-500 MHz) than other radar to 
obtain better penetration in the earth materials.  
The antenna is pulled slowly along the ground 
surface to produce a continuous subsurface pro-
file. 

The lower photo on the cover shows a 
GPR unit in operation.  The 500 MHz antenna 
shown is being pulled along the sidewalk.  The 
control and recording unit, on the tailgate of the 
truck, is powered by a 12 volt automobile 
battery. 

Figure 4 is an example GPR profile over a 
shallow pipe.  The vertical scale is a time scale, 
giving the time for the radar pulse to travel down 
to the reflector and return to the receiver.  

Knowing the pulse velocity in the soils, we can 
convert this to depth.  The horizontal scale 
corresponds to distance along the surface.  
Fiducial time marks on the record are placed at 
ten foot intervals.  The pipe reflector shown 
appears as a hyperbola on the record.  The pipe 
produces a strong reflection with a characteristic 
ringing of the electronics, which appears as a 
dark band below the first arrival from the pipe. 

GPR is a tool for looking at selected areas 
in detail.  Its continuous subsurface profiles give 
a graphic portrayal of subsurface conditions, and 
often provide an excellent means of accurately 
locating pipes and tanks.  However, the GPR 
depth of exploration is strongly dependent on 
soil conductivity and subsurface conditions.  In 
dry, sandy soils useful data may be obtained 
from depths down to 15 feet, whereas in 
conductive clay soils, investigation depth is 
often limited to two or three feet. 

FIGURE 4 

SAMPLE GPR PROFILE 
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DISCUSSION: 
As we have stressed, EM and magnetics 

are effective in screening large areas quickly to 
identify areas where buried objects may be 
present.  Often these techniques can provide a 
rough estimate of the size and depth of the 
object causing the anomalous readings. 

The choice of frequency domain EM 
(i.e. EM31) versus time-domain EM (i.e. EM61) 
depends on the objectives and the site.  The 
EM61 is very effective at identifying small 
pieces of metal (e.g. unexploded ordnance), and 
offers some depth and discrimination capability.  
It is also less sensitive to cultural noise (e.g. 
buildings, vehicles, etc.) than the EM31.  The 
EM61 can often resolve anomalies which are 
close together, where the EM31 could not.  
However, the EM61 requires a tight line 
spacing, typically 1 meter, to assure the area is 
covered.  Also, the wheeled cart is difficult or 
impossible to operate on some sites (the EM61 
can also be carried on a shoulder harness but is 
very awkward). 

The EM31 is favored over the EM61 on 
more open sites where the objective is to locate 
underground tanks, drums, or collections of 
debris.  The broader sphere of influence of the 
EM31 allows it to be run on a coarser line 
spacing, typically 5-20 feet depending on the 
target. 

A major limitation of both EM and MAG 
is their sensitivity to "cultural noise".  Buildings, 
fences, metallic surface debris, and vehicles all 
create cultural noise.  The EM and magnetic 
instruments respond to any metallic objects, 
whether buried or in plain view above ground.  
Thus, areas within 20 to 40 feet of buildings, 
vehicles or pipelines will be masked by the 
strong response from those objects.  EM and 
magnetics will not be able to definitively 
identify other buried objects within that masked 
zone. 

GPR on the other hand is fairly immune 
to those forms of cultural noise.  The radar 
signal is confined to a broad beam, spreading at 
roughly a 45° angle, beneath the antenna.  Most 
antennas are well shielded with little upward 

propagation of the pulse.  Thus GPR can be run 
next to buildings, fences and parked vehicles.  
GPR may be run inside buildings and even over 
reinforced concrete. 

Because the GPR beam is directional, it 
does not have the same utility as a 
reconnaissance tool as the EM and magnetics.  
Whereas the latter techniques would readily 
detect a large tank 10 or 20 feet off the survey 
line, GPR would not detect the tank unless the 
survey line passed directly over the tank. 

CONCLUSIONS 
No geophysical technique should be used 

without some form of "ground truth" by drilling, 
excavation, or some other form of sampling.  
The geophysical signature of an underground 
storage tank may be very similar to that of a 
buried automobile.  However, geophysics can 
eliminate random drilling or extensive 
excavation when searching for underground tank 
or other materials. 

To conclude, EM, magnetic and GPR 
techniques are effective, complimentary 
techniques used in the detection and delineation 
of subsurface metallic objects.  The choice of 
technique or techniques depends very much on 
both site conditions and the survey objective. 

FURTHER READING: 
Benson, R.C., Glaccum, R.A., and Noel, M.R., 

1982, Geophysical techniques for sensing 
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Evans, R.B., 1982, Currently avail-able 
geophysical methods for use in hazardous 
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French, R.B., Williams, T.R., and Foster, A.R., 
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Sediment Logs 
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Photograph 12 MP-12 
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Photograph 5 Washing machine at TP-G-1.  

 
Photograph 6 Tank at TP-G-2. 
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Photograph 7 Washing machine at TP-G-4. 

 
Photograph 8 Metal siding at TP-G-5.  
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fine sand laminations

Bottom of boring at 20.5 feet.

Skagit Whitmarsh Landfill

cementation, react. w/HCl, geo. inter.

Project No. 14159.000.0

PROJECT:

Page 2 of 2

Anacortes, Washington
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DETAILS AND/OR
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8.25" diameter bore hole

2" diameter Schedule 40
PVC casing

Cemex 2/12 Lapis Lustre
Sand filter pack

Medium bentonite chip
(Pure Gold) seal

* OVM = Photovac 2020
calibrated to 100 ppm
isobutylene standard

20.6 feet MLLW

Basalite Concrete

Surface Elevation:

cementation, react. w/HCl, geo. inter.

SAMPLING METHOD:

DRILLING EQUIPMENT: DEPTH TO
WATER:

DATE FINISHED:

SCREEN INTERVAL (ft.):

CASING:COMPL.

TOTAL DEPTH (ft.):

RESPONSIBLE PROFESSIONAL:

Postholed through roadbase to 4 feet below ground
surface.

gray, contains metallic flecks, fine sand laminations

brownish gray, 20% peat fragments, contains metallic
flecks

PEAT (PT), dark brown

peat lenses, light brown, contains metallic flecks

REG. NO.

SILTY SAND (SM):  olive brown  (2.5Y 4/3),  dry, 80% fine
sand, 20% non-plastic fines

BORING LOCATION:

FIRST

SILT (ML):  gray  (10YR 5/1),  dry to moist, 90% fines,
10% fine sand, non-plastic, contains metallic flecks

DESCRIPTION

DATE STARTED:

DROP:

NAME (USCS): color, moist, % by wt., plast. density, structure,

LOGGED BY:

B
lo

w
s/

8
14
21

S
am

pl
e

(fe
et

)

Fo
ot

S
am

pl
e

WELL CONSTRUCTION DETAILS
AND/OR DRILLING REMARKS

GROUND SURFACE ELEVATION AND DATUM:
N

o.

R
ea

di
ng

SAMPLES

D
E

P
TH

O
V

M

OAKWELLV (REV. 9/2007)

DRILLING METHOD:

DRILLING CONTRACTOR:

Hollow-stem auger (Limited Access)

Log of Well No. MW-04

N. Bacher

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

L.G. 2528

38.5

7/16/08

Ground Surface

30"

Page 1 of 3

CME 75

N. Bacher

Cascade Drilling, Inc.

N: 537393.7; E: 1229202.5

20
43

12
16
18

50/6"

22
50/6"

19
50/6"

8
20
32

300

7/16/08

HAMMER WEIGHT:

Dames & Moore (1.5' x 3.25")

NA15.5

Anacortes, Washington
Skagit Whitmarsh Landfill

15-25

Project No. 14159.000.0

2" Sch. 40 PVC

PROJECT:



8
12
20

50/6"

12
17
22

50/6"

Cemex 2/12 Lapis Lustre
Sand filter pack

50/6"

wet

14
50/6"

50/6"

16
50/6"

10% Wood

15% Wood

15
50/6"

SILTY SAND (SM):  gray  (10YR 5/1),  moist, 75% fine
sand, 25% non-plastic fines

POORLY GRADED SAND (SP):  gray  (10YR 5/1),  wet,
90% medium sand, 10% fine gravel

WELL GRADED SAND with GRAVEL (SW):  gray  (10YR
5/1),  wet, 75% fine to medium sand, 25% fine subrounded
gravel

POORLY GRADED SAND (SP):  gray  (10YR 5/1),  wet,
95% fine sand, 5% non-plastic fines

2" diameter Schedule 40
PVC end cap

D
E

P
TH

Schedule 40 PVC well
screen with 2" diameter
and 0.010" slot

O
V

M

Skagit Whitmarsh Landfill

Project No. 14159.000.0

PROJECT:

Page 2 of 3

Anacortes, Washington
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33

25

17
50/6"

18
50/6"

50/6"

DESCRIPTION
NAME (USCS): color, moist, % by wt., plast. density, structure,

Log of Well No. MW-04 (cont'd)

Fo
ot

S
am

pl
e

(fe
et

)
S

am
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e
N

o.

cementation, react. w/HCl, geo. inter.
B

lo
w

s/

OAKWELLV (REV. 9/2007)

R
ea

di
ng

SAMPLES
WELL CONSTRUCTION

DETAILS AND/OR
DRILLING REMARKS



DESCRIPTION
NAME (USCS): color, moist, % by wt., plast. density, structure,

cementation, react. w/HCl, geo. inter.

SAMPLES

OAKWELLV (REV. 9/2007)

50/6"

DETAILS AND/OR
WELL CONSTRUCTION

Log of Well No. MW-04 (cont'd)

17
50/6"

19
50/6"

POORLY GRADED SAND (SP):  cont'd.

LEAN CLAY (CL):  bluish black  (10B 2.5/1),  wet, 100%
fines, trace fine gravel, non-plastic, very stiff

Bottom of boring at 38.5 feet

Cemex 2/12 Lapis Lustre
Sand filter pack

DRILLING REMARKS

Anacortes, Washington

R
ea

di
ng

Page 3 of 3

PROJECT:

Project No. 14159.000.0

Skagit Whitmarsh Landfill
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N: 537747.4; E: 1229054.8

WATER:

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

15.57 feet MLLW

FIRST

Philip Services Corporation

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

COVER SOIL: WELL GRADED SAND WITH GRAVEL (SW):
brown  (10YR 4/3), moist, 75% fine to coarse sand, 20% fine to
coarse gravel, < 5% non-plastic fines, roots, 2x3 foot metal (oil)
pan, 3 pieces of appliance (e.g. washer)

REG. NO.

OAKTESTPIT (REV. 6/03)

HOUSEHOLD GARBAGE: plastics, cans, bottles, paper,
cardboard with interbedded soil

pieces of asbestos containing insulation present

Bottom of test pit at 5.5 feet. Terminated due to asbestos
containing material in test pit.

50-70% Garbage

Soil sample TP-G-1-4-108
contained 23% crysotile.

TP
-G

-1
-1

.0
-1

00
8

DATE FINISHED:

Grab

CAT 320C

11/1/08

NA

Test Pit Log No. TP-G-1

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

TP
-G

-1
-4

-1
00

8

Skagit Whitmarsh Landfill

MEASURING POINT:

REMARKS

RESPONSIBLE PROFESSIONAL:

N
o.
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Project No. 14159.000.0

(fe
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)

SAMPLES

Anacortes, Washington
PROJECT:

1
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14

15

Page 1 of 1

TEST PIT LOCATION:

DEPTH TO

1.5 Cubic Yard Bucket

5.5

ND

Ground Surface

15.57 feet

11/1/08

cementation, react. w/HCl, geo. inter.

S
am

pl
e

DESCRIPTION

OPERATOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

EXCAVATION CONTRACTOR:

NAME (USCS):  color, moist, % by wt., plast. density, structure,



Philip Services Corporation

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

OAKTESTPIT (REV. 6/03)

MEASURING POINT:

N: 537661.3; E: 1229148.8 15.37 feet MLLW

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL: REG. NO.

DATE FINISHED:

COVER SOIL: POORLY GRADED SAND with SILT (SP-SM):
light brown  (7.5YR 6/3), moist, 90% fine to coarse sand, 10%
non-plastic fines, roots, garbage, 3 appliances (e.g. washer)

CAT 320C

HOUSEHOLD GARBAGE: soil interbedded with bottles, plastics,
and metal pieces

concrete foundation with I-beam; appliances present on the south
sidewall

CONTAINER/TANK: approximately 30 gallon capacity perforated
tank at 6 feet below ground surface

wet

Bottom of test pit at 8.0 feet.  Terminated due to groundwater
entering test pit.

Layer thickness increased
from 2 feet on the north to
3 feet on the south.

20-30% Garbage

Grab

10/30/08

NA

Test Pit Log No. TP-G-2

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRSTDEPTH TO

Skagit Whitmarsh Landfill

REMARKS
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Project No. 14159.000.0

WATER:

Anacortes, Washington
PROJECT:

1
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15

Page 1 of 1

EXCAVATION EQUIPMENT:

1.5 Cubic Yard Bucket

8.0

7.5

Ground Surface

15.37 feet

10/30/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTION

TEST PIT LOCATION:

SAMPLES

OPERATOR:

(fe
et

)

TOTAL DEPTH (ft):

EXCAVATION CONTRACTOR:



K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRST

17.87 feet MLLW
ELEVATION AND DATUM:

10/31/08

SAMPLING METHOD:

LOGGED BY:

OAKTESTPIT (REV. 6/03)

N: 537903.6; E: 1229285.1

Philip Services Corporation

John Rodriquez

COVER SOIL: WELL GRADED SAND (SW):  brown  (10YR
4/3), moist, 90% fine to medium sand, < 5% fine gravel, < 5%
non-plastic fines, roots, metal sink, plate, lawn mower

P.E. 32240

TP
-G

-3
-5

.0
-1

00
8

HOUSEHOLD GARBAGE: bottles, plastics, rags, wood, metallic
tub in south side wall with white fibrous material below

Greater concentration of garbage on the north side of test pit.

SANDY SILT (ML): moist, bluish gray (10B 6/1), petroleum odor

plastic sheeting with other miscellaneous waste

WELL GRADED SAND (SW):  light bluish gray  (5B 7/1), moist,
90% fine to coarse sand, < 5% fine gravel, < 5% non-plastic fines

LEAN CLAY (CL):  light bluish gray  (5B 7/1), moist, 90% fines, <
5% fine sand, < 5% roots, low plasticity, native
Bottom of test pit at 12.0 feet.  Terminated in native deposit.

Test Pit Log No. TP-G-3

White fibrous material
extended from the south
wall to the north side of test
pit.  Possible dry wall.

NA

TP
-G

-3
-8

.0
-1

00
8

Grab

CAT 320C

SAMPLES
REMARKS
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DATE STARTED:

Page 1 of 1

Skagit Whitmarsh Landfill
Anacortes, Washington

PROJECT:
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Project No. 14159.000.0

NAME (USCS):  color, moist, % by wt., plast. density, structure,

MEASURING POINT:

DEPTH TO

1.5 Cubic Yard Bucket

12.0

11.5

Ground Surface

17.87 feet

DATE FINISHED:

REG. NO.

(fe
et

)

RESPONSIBLE PROFESSIONAL:

WATER:

cementation, react. w/HCl, geo. inter.

10/31/08

DESCRIPTION

TEST PIT LOCATION:

EXCAVATION CONTRACTOR:

OPERATOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):



N: 537696.3; E: 1229236.7

WATER:

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

15.27 feet MLLW

FIRST

Philip Services Corporation

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

COVER SOIL: WELL GRADED SAND (SW):  brown  (10YR
4/3), moist, 95% fine to medium sand, < 5% non-plastic fines,
appliance

REG. NO.

OAKTESTPIT (REV. 6/03)

HOUSEHOLD GARBAGE: soil interbedded with bottles, cans,
metallic pieces, plastics, clothes

washing machine drum

CONCRETE PAD - COBBLES
Bottom of test pit at 6.0 feet.  Terminated due to concrete pad in
test pit.

70-80% Garbage

TP
-G

-4
-1

.0
-1

00
8

DATE FINISHED:

Grab

CAT 320C

10/31/08

NA

Test Pit Log No. TP-G-4

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

TP
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-4
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Skagit Whitmarsh Landfill

MEASURING POINT:

REMARKS

RESPONSIBLE PROFESSIONAL:
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Anacortes, Washington
PROJECT:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Page 1 of 1

TEST PIT LOCATION:

DEPTH TO

1.5 Cubic Yard Bucket

6.0

ND

Ground Surface

15.27 feet

10/31/08

cementation, react. w/HCl, geo. inter.

S
am

pl
e

DESCRIPTION

OPERATOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

EXCAVATION CONTRACTOR:

NAME (USCS):  color, moist, % by wt., plast. density, structure,



SAMPLING METHOD:
K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRST

16.87 feet MLLW

P.E. 32240

DATE STARTED:

Test Pit Log No. TP-G-5

LOGGED BY:

OAKTESTPIT (REV. 6/03)

N: 538006.3; E: 1229133.7

Philip Services Corporation

John Rodriquez

LOG BARK

TP
-G

-5
-8

.5
-1

00
8

WELL GRADED SAND (SW):  brown  (10YR 4/3), moist, 85%
fine to coarse sand, <10% fine to coarse gravel,  < 5% non-plastic
fines, garbage including an appliance (refridgerator), metal siding,
and bed frame

HOUSEHOLD GARBAGE: bottles, rags, pipes mixed with soil

three pieces of rounded wood chunks (from power poles?)

sheen, chemical odor

Bottom of test pit at 9.0 feet.  Terminated due to groundwater
entering test pit.

Discovered a clip of blank
bullets with powder on belt.
Bullets were marked 1969
Lake City.

K. Tahghighi

TP
-G

-5
-5

.0
-1

00
8

Grab

CAT 320C

11/2/08

NA

ELEVATION AND DATUM:
TP
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RESPONSIBLE PROFESSIONAL:
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(fe
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Skagit Whitmarsh Landfill
Anacortes, Washington

PROJECT:
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Project No. 14159.000.0

DESCRIPTION

9.0

9.0
DEPTH TO

MEASURING POINT:
Ground Surface

WATER:

DATE FINISHED:

16.87 feet

REMARKS

REG. NO.

1.5 Cubic Yard Bucket

NAME (USCS):  color, moist, % by wt., plast. density, structure,

11/2/08

TEST PIT LOCATION:

EXCAVATION CONTRACTOR:

OPERATOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

cementation, react. w/HCl, geo. inter.



Philip Services Corporation
MEASURING POINT:

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

OAKTESTPIT (REV. 6/03)

N: 538032.9; E: 1228965.4

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL: REG. NO.

DATE FINISHED:

LOG BARK

CAT 320C

WELL GRADED SAND with SILT (SW-SM):  light bluish gray
(10B 7/1), moist, 90% fine to coarse sand, 10% non-plastic fines
with household garbage (plastics, metal debris, bottles, wood),
petroleum/organic odor

burnt material with 50-100 foot industrial air hose

Bottom of test pit at 10.0 feet.  Terminated due to groundwater
entering test pit.

Excavated 5.0 feet on the
south sidewall
perpendicular to the pit to
explore for more metallic
objects.  Metal plate found
~2 feet to 4 feet in
diameter.

TP
-G

-6
-6

.0
-1

00
8

Grab

DEPTH TO

11/1/08

NA

Test Pit Log No. TP-G-6

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRST

18.87 feet MLLW

Skagit Whitmarsh Landfill

WATER:
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Anacortes, Washington
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Page 1 of 1

OPERATOR:

1.5 Cubic Yard Bucket

10.0

10.0

Ground Surface

18.87 feet

11/1/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTION
REMARKS

EXCAVATION CONTRACTOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

TEST PIT LOCATION:



John Rodriquez
DEPTH TO

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

OAKTESTPIT (REV. 6/03)

Philip Services Corporation

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL: REG. NO.

DATE FINISHED:

WATER:

COVER SOIL: WELL GRADED SAND WITH SILT (SW-SM):
brown  (10YR 4/3), moist, 90% fine to coarse sand, 10%
non-plastic fines, appliance

N: 537638.4; E: 1229297.3

10/30/08

POORLY GRADED SAND (SP) interbedded with household
garbage (bottles, metal pieces, rags, automotive parts, wood,
tires)

LEAN CLAY (CL):  gray  (10YR 6/1), moist, 95% fines, < 5%
sand, trace organics, low plasticity, native
Bottom of test pit at 8.0 feet.  Terminated in native deposit.

30-50% Garbage

CAT 320C

1.5 Cubic Yard Bucket

NA

Test Pit Log No. TP-G-7

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRST

14.57 feet MLLW

Grab

Skagit Whitmarsh Landfill

MEASURING POINT:
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Anacortes, Washington
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Page 1 of 1

EXCAVATION EQUIPMENT:

8.0

ND

Ground Surface

14.57 feet

10/30/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTION

TEST PIT LOCATION:

REMARKS

OPERATOR:
TOTAL DEPTH (ft):

EXCAVATION CONTRACTOR:



N: 538017.9; E: 1229080.9

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

LOG BARK

FIRST

Philip Services Corporation

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL: REG. NO.

DATE FINISHED:

OAKTESTPIT (REV. 6/03)

Grab

WELL GRADED SAND with SILT (SP-SM):  light brown  (7.5YR
6/3), moist, 85% fine to coarse sand, 10% non-plastic fines, < 5%
fine gravel, automotive bumper and front end
COMMERCIAL WOODWASTE: cellulose based wood strips

treated wood with chemical odor

pipe/hose

Bottom of test pit at 8.0 feet.  Terminated due to groundwater
entering test pit.

16.97 feet MLLW

CAT 320C

11/2/08

NA

Test Pit Log No. TP-G-8

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

DEPTH TO

Skagit Whitmarsh Landfill

WATER:

REMARKS
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Anacortes, Washington
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Page 1 of 1

OPERATOR:

1.5 Cubic Yard Bucket

8.0

8.0

Ground Surface

16.97 feet

11/2/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTIONSAMPLES

EXCAVATION CONTRACTOR:

MEASURING POINT:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

TEST PIT LOCATION:



OAKTESTPIT (REV. 6/03)

FIRST

19.07 feet MLLW

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

K. Tahghighi

N: 538110.8; E: 1228962.5

Philip Services Corporation

John Rodriquez

ELEVATION AND DATUM:

LOG BARK

RESPONSIBLE PROFESSIONAL:

TP
-G

-9
-4

-1
00

8

WELL GRADED SAND with GRAVEL (SW):  brown  (10YR 4/3),
moist, 75% fine to coarse sand, 20% fine to coarse gravel, < 5%
non-plastic fines

miscellaneous trash including a tire, wood, and metal pieces

partially crushed drum containing fiberglass and solidified resin

chemical odor

WOODWASTE: plywood and lumber, chemical odor, sheen

Bottom of test pit at 9.5 feet.  Terminated due to groundwater
entering test pit.

EXCAVATION BUCKET DIMENSIONS:

Resin sample
TP-G-9-4-1008 collected
from drum.

Surface Elevation:

TP
-G

-9
-9

-1
00

8

Grab

CAT 320C

11/2/08

NA

Test Pit Log No. TP-G-9

K. Tahghighi
REG. NO.

DATE FINISHED:

SAMPLES

DATE STARTED:
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9.5

Ground Surface

19.07 feet

11/2/08

cementation, react. w/HCl, geo. inter.

DEPTH TO

MEASURING POINT:

REMARKS

WATER:

1.5 Cubic Yard Bucket

DESCRIPTION
NAME (USCS):  color, moist, % by wt., plast. density, structure,

EXCAVATION CONTRACTOR:

OPERATOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):



Philip Services Corporation

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

OAKTESTPIT (REV. 6/03)

N: 538156.1; E: 1228669.9 22.57 feet MLLW

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL: REG. NO.

LOG BARK

WATER:CAT 320C

SILTY SAND (SM):  light bluish gray  (10B 7/1), moist, 85% fine
to coarse sand, 15% non-plastic fines, odor

MISCELANEOUS WASTE: woodwaste, 5 to 6 crushed drums,
plastics mixed with soil

rust colored oxidation in groundwater
Bottom of test pit at 9.0 feet.  Terminated due to groundwater
entering test pit.

Steel drums.  One poly
inside steel drum.
Drum labels included
Amoco 543, Nalco, UOP
Polymerization Catalyst

Grab

11/1/08

NA

Test Pit Log No. TP-G-10

K. Tahghighi

K. Tahghighi

Surface Elevation:

EXCAVATION BUCKET DIMENSIONS:

FIRST

MEASURING POINT:

TP
-G

-8
-8

.5
-1

00
8

Skagit Whitmarsh Landfill

DATE FINISHED:

S
am

pl
e

N
o.

S
am

pl
e

D
E

P
TH

R
E

A
D

IN
G

O
V

M

(p
pm

)

Project No. 14159.000.0

SAMPLES

(fe
et

)
Anacortes, Washington

PROJECT:

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Page 1 of 1

OPERATOR:

1.5 Cubic Yard Bucket

9.0

9.0

Ground Surface

22.57 feet

11/1/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTION
REMARKS

EXCAVATION CONTRACTOR:

DEPTH TO
EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

TEST PIT LOCATION:



N: 537826.2; E: 1229212.9

P.E. 32240
SAMPLING METHOD:

LOGGED BY:

18.27 feet MLLW

FIRST

Philip Services Corporation

John Rodriquez

ELEVATION AND DATUM:

DATE STARTED:

RESPONSIBLE PROFESSIONAL:

WELL GRADED SAND (SW):  brown  (10YR 4/3), moist, 85%
fine to medium sand, < 5% gravel, < 5% non-plastic fines, < 5%
garbage

DATE FINISHED:

OAKTESTPIT (REV. 6/03)

POORLY GRADED SAND (SP) interbedded with household
garbage (bottles, rags, plastics)

AUTOMOTIVE DEBRIS: automotive parts including car hood
from 4 to 6 feet below ground surface

POORLY GRADED SAND (SP):  brown  (10YR 4/3), moist, 90%
fine to medium sand, < 5% gravel, < 5% non-plastic fines,
interbedded garbage
SILT with SAND (ML):  bluish gray  (10B 6/1), dry to moist, 85%
fines, 15% fine to coarse sand, moderate plasticity, stiff,
petroleum odor
MISCELANEOUS GARBAGE: soil interbedded with burned
garbage and woodwaste

LEAN CLAY (CL):  gray  (10YR 5/1), moist, 90% fines, < 5% fine
sand, < 5% roots/organics, moderate plasticity, native
Bottom of test pit at 11.0 feet.  Terminated in native deposit.

WATER:
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NA
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OPERATOR: 11.0

10.5

Ground Surface

18.27 feet

10/31/08

cementation, react. w/HCl, geo. inter.
NAME (USCS):  color, moist, % by wt., plast. density, structure,

DESCRIPTION

TEST PIT LOCATION:

REMARKS

1.5 Cubic Yard Bucket

EXCAVATION CONTRACTOR:

EXCAVATION EQUIPMENT:

TOTAL DEPTH (ft):

DEPTH TO
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1.0 INTRODUCTION 

NewFields conducted toxicity tests with sediment samples collected by AMEC Geomatrix at the 
March Point Landfill in Padilla Bay.  Biological effects were evaluated relative to the biological 
criteria defined in the Sediment Management Standards (SMS).  This report presents the results 
for the toxicity testing portion of the March Point Landfill sediment investigation.   

2.0 METHODS 

This section summarizes the test methods that were followed for this biological characterization.  
Test methods followed guidance provided by the Puget Sound Estuary Program (PSEP 1995), 
the WDOE Sampling and Analysis Plan Appendix (SAPA; Ecology 2008), the various updates 
presented during the Annual Sediment Management Review meetings (SMARM), and the 
Sediment Investigation Work Plan March Point (Whitmarsh) Landfill Skagit County, Washington 
prepared by AMEC Geomatrix (AMEC 2008).  Sediment toxicity was evaluated using three 
standard PSEP bioassays, the 10-day amphipod test, the 48 to 96-hour benthic larval test, and 
the Microtox® porewater test.  NewFields performed the amphipod and benthic larval tests, the 
Microtox® test was performed by Nautilus Environmental LLC. The amphipod test species, 
Ampelisca abdita, was selected by the Ecology based on the predominant grain size distribution 
of the test sediments. 

2.1 SAMPLE AND ANIMAL RECEIPT 

Thirteen test sediments were received by NewFields on August 29, 2008. Reference sediment 
was collected from Carr Inlet on September 12, 2008 and from Sequim Bay on September 16, 
2008 by NewFields. Sediment samples were stored in a walk-in cold room at 4 ± 2ºC in the 
dark.  Test sediment was not sieved prior to testing.  All tests were conducted within the eight 
week holding time.  

Amphipods (Ampelisca abdita) were supplied by Brezina and Associates in Dillon Beach, 
California.  Animals were held in native sediment at 20°C prior to test initiation.  Dendraster 
excentricus (sand dollar) broodstock was collected by NewFields staff from Hood Canal, 
Washington.  Broodstock were held in unfiltered seawater from Hood Canal prior to spawning. 

Native Ampelisca sediment from Dillon Beach, California was also provided by Brezina and 
Associates for use as control sediment for the amphipod test.     

2.2 ULTRA-VIOLET LIGHT EXPOSURE 
Test sediment samples were exposed to ultra-violet (UV) light during the entire test exposure.  
The UV light regime followed guidance provided by Sub-Appendix D (Ecology 2008) and in 
consultation with Ecology.  UV light was provided by fluorescent light ballast containing one 
Duro-Test Vita-Lite® (40W, 5500°K, 91 CRI) fluorescent bulb and one standard fluorescent bulb 
(Phillips F40CW).  The UV bulbs were placed within 12” above the sediment surface.  All test 
chambers in the UV exposures were left uncovered to prevent any UV loss.  Tests were 
conducted on water-tables to ensure that the additional lighting did not alter water temperatures 
in the test chambers.  In all other respects, the methods followed the standard testing protocols 
are summarized below. 
 

2.3 10-DAY AMPHIPOD BIOASSAY 

The 10-day acute toxicity test with A. abdita  was initiated on September 23, 2008.  To prepare 
the test exposures, approximately 175 mL of sediment was placed in clean, acid and solvent-
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rinsed 1-L glass jars, which were then filled with 775 mL of 0.45-µm filtered seawater at 28 ppt.  
Seven replicate chambers were prepared for each test treatment, the two reference sediments, 
and the native control sediment.  The control and reference sediments were tested with the test 
treatments.  Five replicates were used to evaluate sediment toxicity while the remaining two 
replicates were designated as sacrificial surrogate chambers. One surrogate chamber was 
sacrificed at test initiation to measure porewater and overlying ammonia and sulfides. The 
remaining surrogate chamber was used for measuring daily water quality throughout the test, as 
well as porewater and overlying ammonia and sulfides at test termination.  Total ammonia as 
nitrogen was monitored using an Orion meter fitted with an ammonia ion-specific probe. Total 
sulfides as S2- were monitored using a HACH DR/4000V Spectrophotometer. 

Test chambers were placed in randomly assigned positions in a 20°C water bath and allowed to 
equilibrate overnight.  Trickle-flow aeration was provided to prevent dissolved oxygen 
concentrations from dropping below acceptable levels.  

Immediately prior to test initiation, water quality parameters were measured in the surrogate 
chamber for each treatment.  Dissolved oxygen (DO), temperature, pH, and salinity were then 
monitored in the surrogate chambers daily until test termination.  Target test parameters were:  

Dissolved Oxygen: ≥4.6 mg/L 
pH:   7.8 ± 0.5 units 
Temperature:  20 ± 1°C 
Salinity:  28 ± 1‰ 

The tests were initiated by randomly allocating 20 A. abdita into each test chamber, ensuring 
that each of the amphipods successfully buried into the sediment.  Amphipods that did not bury 
within approximately one hour were replaced with healthy amphipods.  The 10-day amphipod 
bioassay was conducted as a static test with no feeding during the exposure period.  At test 
termination, sediment from each test chamber was sieved through a 0.5-mm screen and all 
recovered amphipods transferred into a Petri dish.  The number of surviving and dead 
amphipods was recorded.  A water-only, 4-day reference-toxicant test was conducted 
concurrently with the sediment tests, using cadmium chloride.  The cadmium reference-toxicant 
test was used to ensure animals used in the test were healthy and of similar sensitivity to prior 
tests.   

2.4 LARVAL DEVELOPMENTAL BIOASSAY  

Test sediment was evaluated using the larval benthic toxicity test with the sand dollar, D. 
excentricus.  The sand dollar larval test was initiated on September 24, 2008. A sea water 
control and the two reference sediments were tested with the test treatments.  To prepare the 
test exposures, 18 g (±1 g) of test sediment was placed in clean, acid and solvent-rinsed 1-L 
glass jars, which were then filled to 900 mL with 0.45-µm of filtered seawater. Six replicate 
chambers were prepared for each test treatment, reference sediment, and the native sediment 
control treatment. Five of the replicates were used to evaluate the test; the sixth replicate was 
used as a water quality surrogate. Each chamber was shaken for 10 seconds and then placed 
in predetermined randomly-assigned positions in a water bath at 15°C.   

To collect gametes for each test, spawning was induced by injecting 0.5 mL of 0.5M KCl into the 
coelomic cavity of the sand dollar. Spawning males and females were placed aboral surface 
down into a beaker with clean seawater. Gametes from at least two males and two females 
were used to initiate the test. Once sufficient eggs and sperm had been collected, the eggs 
were rinsed to remove any detritus or feces and a homogenized sperm solution was added to 
the egg solutions. Egg-sperm solutions were periodically homogenized with a perforated 
plunger during the fertilization process.  Approximately 60 minutes after fertilization, embryo 
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solutions were checked for fertilization rate. Only those embryo stocks with >90% fertilization 
were used to initiate the tests. Embryo solutions were rinsed free of excess sperm and then 
combined to create one embryo stock solution. Density of the embryo stock solution was 
determined by counting the number of embryos in a sub sample of stock solution. This was 
used to determine the volume of embryo stock solution to deliver approximately 27,000 embryos 
to each test chamber.  The tests were initiated by randomly allocating an aliquot of the embryo 
stock solution into each test chamber four hours after sediments were shaken and within two 
hours of egg fertilization. Embryos were held in suspension during initiation using a perforated 
plunger.    

Dissolved oxygen, temperature, pH, and salinity were monitored in water quality surrogates to 
prevent loss or transfer of larvae by adhesion to water-quality probes.  Overlying water 
ammonia and sulfides were measured on Day 0 and Day 3. Total ammonia as nitrogen was 
monitored using an Orion meter fitted with an ammonia ion-specific probe. Total sulfides as S2- 
were monitored using a HACH DR/4000V Spectrophotometer. Target test parameters were as 
follows: 

Dissolved Oxygen: ≥4.8 mg/L 
pH:   7.8 ± 0.5 units 
Temperature:  15 ± 1°C                                                                                 
Salinity:  28 ± 1‰ 

The larval developmental tests were terminated approximately 71 hours after initiation when 
approximately 90% of the control larvae had achieved the pluteus stage.  To terminate the test, 
the overlying seawater was decanted into a clean 1-L jar and mixed with a perforated plunger.  
From this container, a 10 mL sub sample was transferred to a scintillation vial and preserved in 
5% buffered formalin.  The number of normal and abnormal larvae was enumerated on an 
inverted microscope.  Normal larvae included all pluteus stage larvae.  Abnormal larvae 
included abnormally shaped pluteus larvae and all early stage larvae.  A 72-h water-only 
reference-toxicant test with copper sulfate was conducted concurrently with each test.  

2.5 MICROTOX® TEST 
The Microtox® test was performed by Nautilus Environmental LLC. A complete report on the test 
is included as Appendix A. 

2.6 DATA ANALYSIS AND QA/QC 

All water quality and endpoint data were entered into Excel spreadsheets.  Water quality 
parameters were summarized by calculating the mean, minimum, and maximum values for each 
test treatment.  Endpoint data were calculated for each replicate and mean values and standard 
deviations were determined for each test treatment.   

All hand-entered data was reviewed for data entry errors, which were corrected prior to 
summary calculations.  A minimum of 10% of all calculations and data sorting were reviewed for 
errors.  Review counts were conducted on any apparent outliers.  

For the larval test, the normalized combined mortality and abnormality endpoint was used to 
evaluate the test sediment.  This was based on the number of normal larvae in the treatment 
and reference divided by the number of normal larvae in the control, as defined in Ecology 
(2005). 

For SMS suitability determinations, comparisons were made according to SAPA and Fox et al. 
(1998).  Data reported as percent mortality or survival was transformed using an arcsine square 
root transformation prior to statistical analysis.  All data were tested for normality using the Wilk-
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Shapiro test and equality of variance using Levene’s test.  Determinations of statistical 
significance were based on one-tailed Student’s t-tests with an alpha of 0.05.  A comparison of 
the larval endpoint, relative to the reference was made using an alpha level of 0.10.  For 
samples failing to meet assumptions of normality, a Mann-Whitney test was conducted to 
determine significance.  For those samples failing to meet the assumptions of normality and 
equality of variance, a t-test on rankits was used. 

3.0 RESULTS 

The results of the sediment testing, including a summary of test results and water quality 
observations are presented in this section. Data for each of the replicates, as well as laboratory 
bench sheets are provided Appendix B and statistical analyses are provided in Appendix C.   

3.1 10-DAY AMPHIPOD BIOASSAY 

A summary of test conditions is shown in Table 1, A. abdita survival is presented in Table 2, and 
a summary of water quality observations is presented in Table 3.  Mean percent survival in the 
control was 91%, above the 90% acceptance criterion. This indicates that the test conditions 
were suitable for adequate amphipod survival.   

Initial observations on the SBREF-80 samples showed high numbers of amphipods emerging 
from the sediment and mortalities.  Initial sulfide measurements on the interstitial water for this 
sample were 13.1 mg/L S2- and likely contributed to the amphipod response.  To determine if 
the sulfides were responsible for the mortality, a second set of samples was set up and allowed 
to acclimate for three days while measuring ammonia and sulfides before initiating the test with 
amphipods.  The acclimated sediment showed an acceptable reference sediment response and 
the results from this test were used for comparisons.  This deviation was discussed with the 
AMEC project manager prior to initiating the test.  A general discussion regarding acclimation of 
test sediments prior to testing was discussed with Department of Ecology. 

The LC50 for the cadmium reference-toxicant test was 0.58 mg Cd/L, which is within the control 
chart limits (0.12 to 1.14 mg Cd/L), indicating that the test organisms used in this study were of 
similar sensitivity of those previously tested at NewFields.   Temperature and dissolved oxygen 
measurements were within acceptable limits throughout the test.  Salinity was recorded above 
the recommended limit in the control sample and the Carr Inlet reference (CR-1), likely due to 
higher interstitial salinities in the sediments.  The salinities in these two samples were constant 
throughout the tests and do not appear to have impaired survival which was acceptable at 90% 
for the Control and 85% for the CR-1 reference sample.   The measurements of pH was just 
above the recommended range at the end of the test for several samples, but all measurements 
were 8.6 or below.  This was within the tolerance range for this species and would not be 
expected to affect the test results.  Initial and final interstitial ammonia concentrations were all 
below the threshold concentration of 30 mg/L total ammonia (Barton 2002).  Initial and final 
interstitial sulfide concentrations were below 5 mg/L with the exception of the initial reading of 
13.1 mg/L for sample SBREF-80 as discussed previously. 

Mean mortality in the reference treatments were 15% (CR-1) and 19% (SBREF-80) which met 
the SMS (<25% mortality) performance criteria and indicated that the reference sediment was 
acceptable for suitability determination.  Mean percentage mortality in the test treatments 
ranged between 71% and 90% (Table 2).  
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Table 1. Test Condition Summary for Ampelisca abdita. 

Test Conditions: PSEP A. abdita  (SMS) 
Sample Identification MP-1 to MP-13, Reference CR-1, SBREF-80 

Date sampled 8/26 – 8/28/2008 test samples; 9/12/2008 CR-1;  
9/16/2008 SBREF-80 

Date received at NewFields Northwest 8/29/2008; 9/12/2008; 9/17/2008 
Sample storage conditions 4°C, dark 
Weeks of holding 4 weeks 
Source of control sediment Brezina and Associates (Dillon Beach) 
Test Species A. abdita 
Supplier Brezina and Associates 
Date acquired 9/17/2008 
Acclimation/holding time 6 days 
Age class Adult 
Test Procedures PSEP 1995 with SMARM revisions 
Regulatory Program SMS 
Test location NewFields Northwest Laboratory 
Test type/duration 10-Day static  
Test dates 9/23/08 – 10/3/08 ; 10/1/08-10/10/08 acclimated SBREF-80 
Control water North Hood Canal, sand filtered 
Test temperature Recommended: 20 ± 1 °C Achieved: 19.6 – 20.8 °C 

Test Salinity Recommended: 28 ± 2 ppt 
Achieved:  28-29 ppt test 
sediments, 29-31 Control and 
Reference sediments 

Test dissolved oxygen Recommended: > 4.6 mg/L Achieved:  5.6-8.9 mg/L 
Test pH Recommended: 7.8 ± 0.5 Achieved:  7.4-8.6 

SMS control performance standard Recommended:  Control < 10% 
mortality Achieved: 9% 

SMS reference performance standard Recommended:  Reference 
mortality < 25%  

Achieved: 15% CR-1;  
19% SBREF-80 

SMS pass/fail SQS Treatment – Reference < 25% 
mortality = PASS All Pass 

SMS pass/fail CSL Treatment – Reference < 30% 
mortality = PASS All Pass 

Reference Toxicant LC50 0.59 mg/L cadmium 
Acceptable Range 0.12 to 1.14 mg/L cadmium 
Test Lighting Continuous UV exposure 
Test chamber  1-Liter Glass Chamber 

Replicates/treatment 5 + 2 surrogates (one that is used for WQ measurements throughout 
the test) 

Organisms/replicate 20 
Exposure volume 175 mL sediment/ 950 mL water 
Feeding None 
Water renewal None 

Deviations from Test Protocol High salinities in Control and Reference samples 
pH above 8.3 on last days of test in several samples 
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Table 2. Test Results for Ampelisca abdita. 
Sample ID Mean survival 

(%) 
Standard 
Deviation 

Control 91 5.5 

CR-1 85 9.4 

SBREF-80 81 17.8 

MP-1 82 8.4 

MP-2 90 5.0 

MP-3 76 8.2 

MP-4 73 2.7 

MP-5 71 2.2 

MP-6 88 9.1 

MP-7 74 14.7 

MP-8 88 2.7 

MP-9 75 22.9 

MP-10 84 9.6 

MP-11 83 17.2 

MP-12 77 13.5 

MP-13 72 16.8 

 
Table 3. Water Quality Summary for Ampelisca abdita. 

Dissolved Oxygen 
(mg/L) Temperature  (°C) pH (units) Salinity (ppt) 

Treatment 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 7.4 6.8 7.7 20.4 20.0 20.7 8.0 7.8 8.3 30.3 30.0 31.0 

CR-1 7.4 6.8 7.7 20.3 20.0 20.6 8.0 7.7 8.3 30.1 29.0 31.0 

SBREF-80 7.6 6.9 8.9 20.0 19.4 20.3 8.0 7.3 8.2 28.5 27.0 30.0 

MP-1 7.3 6.6 7.7 20.3 20.0 20.7 7.9 7.7 8.2 26.9 26.0 28.0 

MP-2 7.3 6.8 7.7 20.4 20.0 20.8 8.2 7.7 8.6 28.1 27.0 29.0 

MP-3 7.0 6.0 7.6 20.0 19.6 20.5 8.1 7.5 8.5 27.9 27.0 29.0 

MP-4 7.4 6.9 7.7 20.3 19.8 20.7 8.0 7.7 8.3 27.3 26.0 28.0 

MP-5 7.4 6.8 7.7 20.3 20.0 20.7 8.1 7.7 8.3 28.1 27.0 29.0 

MP-6 7.4 6.7 7.6 20.4 20.1 20.7 7.8 7.4 8.3 28.0 27.0 29.0 

MP-7 7.4 7.0 7.6 20.4 20.0 20.7 8.2 7.9 8.6 28.3 28.0 29.0 

MP-8 7.0 5.6 7.6 20.2 19.9 20.6 7.8 7.5 8.1 28.2 28.0 29.0 

MP-9 7.3 6.8 7.6 20.1 19.8 20.6 7.9 7.6 8.2 28.1 27.0 29.0 

MP-10 7.2 6.7 7.6 20.3 19.9 20.7 8.0 7.6 8.3 28.2 28.0 29.0 

MP-11 7.5 7.0 7.8 20.3 19.8 20.6 8.1 7.7 8.4 28.5 28.0 30.0 

MP-12 7.5 6.9 7.7 20.3 19.9 20.7 8.1 7.8 8.4 28.2 27.0 29.0 

MP-13 7.5 7.0 7.8 20.4 20.0 20.7 8.3 7.8 8.6 28.4 28.0 29.0 
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3.2 LARVAL DEVELOPMENT BIOASSAY 

Test conditions for the larval development bioassay are shown in Table 4, a summary of the test 
results from the D. excentricus test is presented in Table 5 and a summary of water quality 
observations is shown in Table 6.  The larval test was validated by 11% mean combined 
mortality in the control treatment, within the acceptability criteria of <30%.  Water quality 
parameters pH and salinity remained within the target limits throughout the 70-hour test.  
Dissolved oxygen below the recommended range was observed in one test chamber on Day 1 
of the test, aeration was applied to the sample to increase the dissolved oxygen. Temperature 
observations were slightly above the recommended range on the last day of the test in several 
chambers.  The deviations did not exceed 0.5 °C.  Neither of these deviations were large 
enough to invalidate the test and did not appear to affect larval development. 

Ammonia values detected in the test chambers were below the NOEC values for D. excentricus.  
The EC50 for the copper reference-toxicant test for proportion normal was 12.5 µg Cu/L, within 
the control chart limits (5.4 to 16.7 µg Cu/L). The results of the reference-toxicant test indicate 
that the test organisms used in this study were similar in sensitivity to those previously tested at 
NewFields.  Mean control-normalized normal survival in the reference sediments were 87.3% 
(CR-1) and 93.9% (SB Ref-80); mean normal survival in the test treatments ranged from 87.3% 
to 99.4%. 
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Table 4. Test Condition Summary for Dendraster excentricus. 
Test Conditions: PSEP D. excentricus  (SMS) 

Sample Identification MP-1 to MP-13, Reference CR-1, SBREF-80 

Date sampled 8/26 – 8/28/2008 test samples; 9/12/2008 CR-1;  
9/16/2008 SBREF-80 

Date received at NewFields Northwest 8/29/2008; 9/12/2008; 9/17/2008 
Sample storage conditions 4°C, dark 
Weeks of holding  4 weeks 
Test Species D. excentricus 
Supplier Field collected (north Hood Canal) 
Date acquired 9/23/2008 
Acclimation/holding time 1 day 
Age class  <2-h old embryos 
Test Procedures PSEP 1995 with SMARM revisions 
Regulatory Program SMS 
Test location NewFields Northwest Laboratory 
Test type/duration 48-96 Hour static test 
Test dates 9/24/08-9/27/08 – 70 hours 
Control water Sand-filtered North Hood Canal sea water 
Test temperature Recommended: 15 ± 1 °C Achieved: 14.3-16.5 °C 
Test Salinity Recommended: 28 ± 2 ppt Achieved: 28-30 ppt 
Test dissolved oxygen Recommended: > 4.8 mg/L Achieved: 4.2-8.4 mg/L 
Test pH Recommended: 7.8 ± 0.5 Achieved: 7.3-7.9 
Stocking Density Recommended:  20 – 30 embryos/mL Achieved: 24 embryos/mL

SMS control performance standard Recommended:   
Control normal survival > 70% Achieved: 89% 

SMS reference performance standard Recommended:   
Reference survival/Control survival > 65%

Achieved: CR-1 87% 
SB Ref-80 94% 

SMS pass/fail SQS 
(Treatment normal/Control Normal)/ 
(Reference normal/ Control Normal)  
> 0.85  = PASS 

 All pass 

SMS pass/fail CSL 
(Treatment normal/Control Normal)/ 
(Reference normal/ Control Normal)  
> 0.70 = PASS 

 All pass 

Reference Toxicant LC50 12.5 mg/L copper 
Acceptable Range  5.4 to 16.7 mg/L copper 
Test Lighting Continuous UV Exposure 
Test chamber  1-Liter Glass Chamber 
Replicates/treatment 5 + 1 surrogate (used for WQ measurements throughout the test) 
Exposure volume 18 g sediment/ 900 mL water 
Feeding none 
Water renewal none 

Deviations from Test Protocol 
Low DO in one sample, aeration applied. 
Temperature above recommended range on last day of test in several 
samples. 
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Table 5. Test Results for Dendraster excentricus. 

Treatment Mean Normal Survival (%)1 Standard Deviation 
Control 89.0 6.4 

CR-1 87.3 13.2 

SBREF-80 93.9 7.0 

MP-1 97.9 3.1 
MP-2 96.4 4.7 
MP-3 93.0 6.9 
MP-4 91.5 7.3 
MP-5 87.3 10.6 
MP-6 99.4 1.2 
MP-7 97.9 2.2 
MP-8 94.2 5.6 
MP-9 96.3 6.5 
MP-10 95.3 4.4 
MP-11 98.1 4.3 
MP-12 95.7 5.8 
MP-13 95.5 4.4 

1 Reference and treatment normal survivals are normalized to Control normal survival. 
 

 
Table 6. Water Quality Summary for Dendraster excentricus. 

Dissolved Oxygen 
(mg/L) Temperature  (°C) pH (units) Salinity (ppt) 

Treatment 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max

Control 7.6 7.2 7.9 15.7 15.3 16.0 7.7 7.4 7.8 29.0 29.0 29.0

CR-1 6.9 6.0 7.7 15.8 15.1 16.1 7.7 7.6 7.8 29.0 29.0 29.0

SBREF-80 6.8 4.2 8.6 15.4 14.4 16.2 7.8 7.7 7.8 28.8 28.0 29.0

MP-1 5.8 5.2 6.6 15.5 14.7 16.0 7.5 7.3 7.8 28.8 28.0 29.0

MP-2 6.1 5.5 6.6 15.6 15.1 15.9 7.7 7.5 7.8 28.8 28.0 29.0

MP-3 8.2 8.0 8.4 14.9 14.3 15.4 7.8 7.7 7.9 28.8 28.0 29.0

MP-4 8.0 7.5 8.2 14.9 14.3 15.6 7.6 7.4 7.7 28.8 28.0 29.0

MP-5 6.1 5.2 7.0 15.6 15.0 16.5 7.6 7.4 7.7 29.0 29.0 29.0

MP-6 6.3 5.6 7.2 16.0 15.2 16.4 7.6 7.4 7.8 29.3 29.0 30.0

MP-7 5.9 5.4 6.6 15.5 15.0 15.8 7.6 7.5 7.8 29.0 29.0 29.0

MP-8 6.2 5.5 6.8 15.5 15.2 16.2 7.5 7.3 7.7 29.0 29.0 29.0

MP-9 6.1 5.5 7.0 15.7 14.9 16.2 7.6 7.4 7.8 29.3 29.0 30.0

MP-10 5.8 5.2 6.9 15.6 14.8 16.3 7.6 7.4 7.8 29.3 29.0 30.0

MP-11 6.5 5.7 7.3 15.8 15.5 16.2 7.7 7.4 7.8 29.0 29.0 29.0

MP-12 6.8 6.5 7.0 15.6 15.0 16.1 7.7 7.6 7.8 28.8 28.0 29.0

MP-13 6.0 5.6 6.5 15.6 15.1 16.0 7.7 7.5 7.8 29.0 29.0 29.0
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4.0 DISCUSSION 
Sediments were evaluated based on Sediment Management Standards (SMS) criteria.  The 
biological criteria are based on both statistical significance (a statistical comparison) and the 
degree of biological response (a numerical comparison).  The SMS criteria are derived from the 
Washington Department of Ecology Sampling and Analysis Plan Appendix (WDOE 2008). 
Comparisons were made for each treatment against each of the reference sample.  Two 
numerical comparisons were made under SMS, the Sediment Quality Standards (SQS) and the 
Cleanup Standards Limit (CSL).  

4.1 AMPHIPOD TEST SUITABILITY DETERMINATION 

Under the SMS program, a test treatment will fail SQS if mean mortality in the test is >25% 
more than the mean mortality in the appropriate reference sediment and the difference is 
statistically significant (p ≤ 0.05). Treatments fail the CSL if mean mortality in the test treatment 
>30%, relative to the reference sediment and the difference is statistically significant. 

Test treatment MP-5 showed significantly higher mortality than the CR-1 reference sediment, 
but the mortality relative to the reference did not exceed the numerical criteria, therefore all test 
treatments meet the SQS and CSL for A. abdita (Table 7). 
Table 7.  SMS Comparison for Ampelisca abdita. 

Treatment 
Mean 

Mortality 
(%) 

Estimated 
Percent 
Fines* 

Reference 
Comparison** 

Statistically 
More than 

Reference? 
MT-MR Fails 

SQS? 
Fails       
CSL? 

Control 9       
CR-1 15 60%      

SBREF-80 19 80%      
MP-1 18 83% SBREF-80 No -1 No No 
MP-2 10 81% SBREF-80 No -9 No No 
MP-3 24 67% CR-1 No 9 No No 
MP-4 27 77% SBREF-80 No 8 No No 
MP-5 29 66% CR-1 Yes 14 No No 
MP-6 12 61% CR-1 No -3 No No 
MP-7 26 70% SBREF-80 No 7 No No 
MP-8 12 60% CR-1 No -3 No No 
MP-9 25 78% SBREF-80 No 6 No No 
MP-10 16 74% SBREF-80 No -3 No No 
MP-11 17 84% SBREF-80 No -2 No No 
MP-12 23 80% SBREF-80 No 4 No No 
MP-13 28 76% SBREF-80 No 9 No No 

SQS: Statistical Significance and MT-MR >25% 
CSL: Statistical Significance and MT-MR >30% 
* Percent fines for reference samples determined in the field.  Percent fines for test treatments supplied by client 
(AMEC) 
** Reference sediment pairings with test sediment based on similarity of percent fines and were approved by Pete 
Adolphson of Ecology. 

 

4.2 LARVAL TEST SUITABILITY DETERMINATION 

Larval test treatments fail SQS criteria if the percentage of normal larvae in the test treatment is 
significantly lower than that of the reference and if the normal larval development in the test 
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treatment is less than 85% of the normal development in the reference.  Treatments fail CSL 
criteria if the normal development is less than 70% of the response observed in the reference.   

All test treatments met the SQS and CSL criteria (Table 8).  
 
Table 8. SMS Comparison for Dendraster excentricus. 

Treatment Mean Normal 
Survival (%) 

Estimated 
Percent 
Fines* 

Reference 
Comparison**

Statistically 
Less than 

Associated 
Reference? 

Normal Survival 
Comparison to 

Reference 
(NT/NC)/(NR/NC) 

Fails 
SQS? 

Fails 
CSL? 

Control 89.0       

CR-1 87.3 60%      

SBREF80 93.9 80%      

MP-1 97.9 83% SBREF-80 No 1.04 No No 

MP-2 96.4 81% SBREF-80 No 1.03 No No 

MP-3 93.0 67% CR-1 No 1.06 No No 

MP-4 91.5 77% SBREF-80 No 0.97 No No 

MP-5 87.3 66% CR-1 No 1.00 No No 

MP-6 99.4 61% CR-1 No 1.14 No No 

MP-7 97.9 70% SBREF-80 No 1.04 No No 

MP-8 94.2 60% CR-1 No 1.08 No No 

MP-9 96.3 78% SBREF-80 No 1.03 No No 

MP-10 95.3 74% SBREF-80 No 1.01 No No 

MP-11 98.1 84% SBREF-80 No 1.04 No No 

MP-12 95.7 80% SBREF-80 No 1.02 No No 

MP-13 95.5 76% SBREF-80 No 1.02 No No 
SQS: Statistical Significance and MT/MR < 0.85 
CSL: Statistical Significance and MT/MR < 0.70 
* Percent fines for reference samples supplied by NewFields.  Percent fines for test treatments supplied by client 
(AMEC) 
** Reference sediment pairings with test sediment based on similarity of percent fines were approved by Pete 
Adolphson of Ecology 
 

4.3 MICROTOX TEST SUITABILITY DETERMINATION 

The SMS program criteria state that a test sediment fails the SQS criteria when the mean light 
output of the highest concentration of the test sediment is less than 80% of the mean light 
output of the reference sediment and the two means are statistically different (p ≤ 0.05). No 
criteria exist for the Microtox test for CSL. 

The SBREF-80 reference sample performed poorly in the Microtox test; therefore in the test 
batches using this reference sample, the test treatments were compared to the Control sample 
(deviation approved by Pete Adolphson of Ecology via email to Nautilus).  Treatments MP-4, 
MP-9, MP-10, MP-11, and MP-13 fail SQS criteria compared to the Control; treatments MP-5 
and MP-8 fail SQS compared to reference CR-1 (Table 9). 
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Table 9. SMS Comparison for Microtox®. 
5-minute reading 15 minute reading 

Treatment Mean % 
output 

Statistically Less 
than Reference and 
> 20% Difference? 

Mean %  
output 

Statistically Less 
than Reference and 
> 20% Difference? 

Fails SQS? 

Test 11       

Control 96 ± 2 --- 83 ± 2 ---  

SBREF-80 76 ± 3 --- 67 ± 2 ---  

MP-1 76 ± 5 --- 70 ± 3 ---  

MP-2 102 ± 3 --- 98 ± 3 ---  

MP-4 67 ± 3 Yes 62 ± 2 Yes Yes 

MP-7 93 ± 3 --- 70 ± 5 ---  

Test 21       

Control 98 ± 2 --- 93 ± 4 ---  

SBREF-80 66 ± 1 --- 68 ± 4 ---  

MP-9 71 ± 4 Yes 71 ± 8 Yes Yes 

MP-10 74 ± 3 Yes 72 ± 2 Yes Yes 

MP-11 66 ± 3 Yes 63 ± 4 Yes Yes 

MP-12 112 ± 3 --- 121 ± 5 ---  

Test 31       

Control 96 ± 3 --- 99 ± 5 ---  

SBREF-80 72 ± 5 --- 76 ± 4 ---  

MP-13 43 ± 2 Yes 46 ± 2 Yes Yes 

Test 4       

Control 92 ± 2 --- 81 ± 5 ---  

CR-1 102 ± 2 --- 91 ± 3 ---  

MP-3 104 ± 2 --- 94 ± 3 ---  

MP-5 73 ± 6 Yes 72 ± 4 Yes Yes 

MP-6 97 ± 1 --- 90 ± 5 ---  

MP-8 74 ± 11 Yes 67 ± 7 Yes Yes 
1 Reference sample was significantly less than Control; test treatments compared to the Control. 
SQS: > 20% difference and statistically significant difference (p<0.05) relative to the reference.  
CSL: No failure criteria for Microtox under SMS rule. 
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                               March Point Statistical Comparison                              1
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=CR-1 ----------------

                                      The TTEST Procedure

                                       Variable:  result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          Control        5      0.3261      0.1054      0.0471      0.2106      0.4641
          Reference      5      0.3125      0.2272      0.1016           0      0.6301
          Diff (1-2)            0.0137      0.1771      0.1120

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 Control                          0.3261      0.1953   0.4570      0.1054      0.0631   0.3029
 Reference                        0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Diff (1-2)    Pooled             0.0137     -0.2446   0.2720      0.1771      0.1196   0.3393
 Diff (1-2)    Satterthwaite      0.0137     -0.2647   0.2920

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.12      0.9060
                  Satterthwaite    Unequal      5.6452       0.12      0.9072

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       4.65    0.1659



                               March Point Statistical Comparison                              2
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

-------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=SBREF80 ---------------

                                      The TTEST Procedure

                                       Variable:  result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          Control        5      0.3261      0.1054      0.0471      0.2106      0.4641
          Reference      5      0.2049      0.1655      0.0740           0      0.4328
          Diff (1-2)            0.1212      0.1387      0.0877

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 Control                          0.3261      0.1953   0.4570      0.1054      0.0631   0.3029
 Reference                        0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Diff (1-2)    Pooled             0.1212     -0.0811   0.3236      0.1387      0.0937   0.2658
 Diff (1-2)    Satterthwaite      0.1212     -0.0876   0.3300

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.38      0.2045
                  Satterthwaite    Unequal      6.7862       1.38      0.2109

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.47    0.4034



                               March Point Statistical Comparison                              3
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-1 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.0921      0.1287      0.0575           0      0.2667
          Diff (1-2)            0.2204      0.1846      0.1168

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.0921     -0.0677   0.2518      0.1287      0.0771   0.3698
 Diff (1-2)    Pooled             0.2204     -0.0489   0.4897      0.1846      0.1247   0.3537
 Diff (1-2)    Satterthwaite      0.2204     -0.0618   0.5026

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.89      0.0958
                  Satterthwaite    Unequal      6.3266       1.89      0.1055

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       3.12    0.2966



                               March Point Statistical Comparison                              4
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-10 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1864      0.1313      0.0587           0      0.3398
          Diff (1-2)            0.1260      0.1855      0.1174

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1864      0.0235   0.3494      0.1313      0.0786   0.3772
 Diff (1-2)    Pooled             0.1260     -0.1446   0.3966      0.1855      0.1253   0.3555
 Diff (1-2)    Satterthwaite      0.1260     -0.1568   0.4089

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.07      0.3142
                  Satterthwaite    Unequal      6.4024       1.07      0.3217

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       3.00    0.3130



                               March Point Statistical Comparison                              5
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-11 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.0634      0.1418      0.0634           0      0.3171
          Diff (1-2)            0.2491      0.1894      0.1198

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.0634     -0.1127   0.2395      0.1418      0.0850   0.4075
 Diff (1-2)    Pooled             0.2491     -0.0272   0.5253      0.1894      0.1279   0.3628
 Diff (1-2)    Satterthwaite      0.2491     -0.0367   0.5348

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       2.08      0.0712
                  Satterthwaite    Unequal      6.7056       2.08      0.0779

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.57    0.3834



                               March Point Statistical Comparison                              6
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-12 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1329      0.1821      0.0814           0      0.3398
          Diff (1-2)            0.1795      0.2059      0.1302

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1329     -0.0932   0.3590      0.1821      0.1091   0.5233
 Diff (1-2)    Pooled             0.1795     -0.1208   0.4798      0.2059      0.1391   0.3945
 Diff (1-2)    Satterthwaite      0.1795     -0.1233   0.4823

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.38      0.2053
                  Satterthwaite    Unequal      7.6377       1.38      0.2070

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.56    0.6785



                               March Point Statistical Comparison                              7
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-13 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1661      0.1542      0.0690           0      0.3171
          Diff (1-2)            0.1463      0.1942      0.1228

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1661     -0.0254   0.3576      0.1542      0.0924   0.4432
 Diff (1-2)    Pooled             0.1463     -0.1369   0.4295      0.1942      0.1312   0.3720
 Diff (1-2)    Satterthwaite      0.1463     -0.1437   0.4364

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.19      0.2676
                  Satterthwaite    Unequal      7.0403       1.19      0.2720

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.17    0.4714



                               March Point Statistical Comparison                              8
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-2 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1340      0.1551      0.0693           0      0.3092
          Diff (1-2)            0.1784      0.1945      0.1230

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1340     -0.0585   0.3266      0.1551      0.0929   0.4456
 Diff (1-2)    Pooled             0.1784     -0.1052   0.4621      0.1945      0.1314   0.3726
 Diff (1-2)    Satterthwaite      0.1784     -0.1119   0.4688

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.45      0.1850
                  Satterthwaite    Unequal      7.0618       1.45      0.1898

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.15    0.4775



                               March Point Statistical Comparison                              9
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-3 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.2480      0.1228      0.0549      0.1181      0.4508
          Diff (1-2)            0.0645      0.1826      0.1155

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.2480      0.0955   0.4005      0.1228      0.0736   0.3528
 Diff (1-2)    Pooled             0.0645     -0.2019   0.3308      0.1826      0.1234   0.3499
 Diff (1-2)    Satterthwaite      0.0645     -0.2165   0.3454

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.56      0.5921
                  Satterthwaite    Unequal      6.1527       0.56      0.5965

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       3.42    0.2603



                               March Point Statistical Comparison                             10
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-4 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.2568      0.1710      0.0765           0      0.4449
          Diff (1-2)            0.0556      0.2011      0.1272

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.2568      0.0445   0.4692      0.1710      0.1025   0.4914
 Diff (1-2)    Pooled             0.0556     -0.2377   0.3489      0.2011      0.1358   0.3852
 Diff (1-2)    Satterthwaite      0.0556     -0.2416   0.3529

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.44      0.6734
                  Satterthwaite    Unequal       7.431       0.44      0.6743

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.77    0.5955



                               March Point Statistical Comparison                             11
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-5 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.3202      0.2060      0.0921           0      0.5705
          Diff (1-2)          -0.00775      0.2169      0.1372

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.3202      0.0644   0.5760      0.2060      0.1234   0.5919
 Diff (1-2)    Pooled           -0.00775     -0.3240   0.3085      0.2169      0.1465   0.4155
 Diff (1-2)    Satterthwaite    -0.00775     -0.3246   0.3091

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8      -0.06      0.9563
                  Satterthwaite    Unequal      7.9243      -0.06      0.9564

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.22    0.8538



                               March Point Statistical Comparison                             12
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-6 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.0335      0.0749      0.0335           0      0.1674
          Diff (1-2)            0.2790      0.1692      0.1070

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.0335     -0.0595   0.1265      0.0749      0.0449   0.2152
 Diff (1-2)    Pooled             0.2790      0.0323   0.5257      0.1692      0.1143   0.3241
 Diff (1-2)    Satterthwaite      0.2790     0.00153   0.5564

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       2.61      0.0313
                  Satterthwaite    Unequal      4.8588       2.61      0.0492

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       9.21    0.0538



                               March Point Statistical Comparison                             13
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-7 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1123      0.1059      0.0474           0      0.2276
          Diff (1-2)            0.2002      0.1773      0.1121

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1123     -0.0192   0.2438      0.1059      0.0635   0.3044
 Diff (1-2)    Pooled             0.2002     -0.0583   0.4587      0.1773      0.1197   0.3396
 Diff (1-2)    Satterthwaite      0.2002     -0.0782   0.4786

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.79      0.1120
                  Satterthwaite    Unequal      5.6602       1.79      0.1274

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       4.60    0.1685



                               March Point Statistical Comparison                             14
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-8 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.2074      0.1476      0.0660           0      0.3885
          Diff (1-2)            0.1051      0.1916      0.1212

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.2074      0.0241   0.3907      0.1476      0.0885   0.4242
 Diff (1-2)    Pooled             0.1051     -0.1744   0.3845      0.1916      0.1294   0.3671
 Diff (1-2)    Satterthwaite      0.1051     -0.1826   0.3927

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.87      0.4112
                  Satterthwaite    Unequal      6.8665       0.87      0.4152

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.37    0.4241



                               March Point Statistical Comparison                             15
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-9 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          CR-1           5      0.3125      0.2272      0.1016           0      0.6301
          Test           5      0.1312      0.1641      0.0734           0      0.4016
          Diff (1-2)            0.1812      0.1982      0.1253

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 CR-1                             0.3125      0.0303   0.5946      0.2272      0.1361   0.6529
 Test                             0.1312     -0.0725   0.3350      0.1641      0.0983   0.4716
 Diff (1-2)    Pooled             0.1812     -0.1078   0.4703      0.1982      0.1339   0.3797
 Diff (1-2)    Satterthwaite      0.1812     -0.1129   0.4753

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.45      0.1862
                  Satterthwaite    Unequal      7.2806       1.45      0.1899

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.92    0.5440



                               March Point Statistical Comparison                             16
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-1 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.0921      0.1287      0.0575           0      0.2667
          Diff (1-2)            0.1128      0.1482      0.0938

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.0921     -0.0677   0.2518      0.1287      0.0771   0.3698
 Diff (1-2)    Pooled             0.1128     -0.1034   0.3290      0.1482      0.1001   0.2840
 Diff (1-2)    Satterthwaite      0.1128     -0.1057   0.3314

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.20      0.2631
                  Satterthwaite    Unequal      7.5419       1.20      0.2651

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.65    0.6378



                               March Point Statistical Comparison                             17
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-10 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1864      0.1313      0.0587           0      0.3398
          Diff (1-2)            0.0185      0.1494      0.0945

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1864      0.0235   0.3494      0.1313      0.0786   0.3772
 Diff (1-2)    Pooled             0.0185     -0.1994   0.2363      0.1494      0.1009   0.2862
 Diff (1-2)    Satterthwaite      0.0185     -0.2014   0.2383

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.20      0.8499
                  Satterthwaite    Unequal      7.6057       0.20      0.8502

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.59    0.6644



                               March Point Statistical Comparison                             18
                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-11 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.0634      0.1418      0.0634           0      0.3171
          Diff (1-2)            0.1415      0.1541      0.0975

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.0634     -0.1127   0.2395      0.1418      0.0850   0.4075
 Diff (1-2)    Pooled             0.1415     -0.0833   0.3663      0.1541      0.1041   0.2952
 Diff (1-2)    Satterthwaite      0.1415     -0.0842   0.3672

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.45      0.1846
                  Satterthwaite    Unequal      7.8164       1.45      0.1855

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.36    0.7719
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-12 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1329      0.1821      0.0814           0      0.3398
          Diff (1-2)            0.0720      0.1740      0.1100

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1329     -0.0932   0.3590      0.1821      0.1091   0.5233
 Diff (1-2)    Pooled             0.0720     -0.1818   0.3257      0.1740      0.1175   0.3333
 Diff (1-2)    Satterthwaite      0.0720     -0.1822   0.3261

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.65      0.5314
                  Satterthwaite    Unequal       7.928       0.65      0.5316

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.21    0.8575
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

--------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-13 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1661      0.1542      0.0690           0      0.3171
          Diff (1-2)            0.0388      0.1600      0.1012

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1661     -0.0254   0.3576      0.1542      0.0924   0.4432
 Diff (1-2)    Pooled             0.0388     -0.1945   0.2721      0.1600      0.1080   0.3064
 Diff (1-2)    Satterthwaite      0.0388     -0.1947   0.2723

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.38      0.7115
                  Satterthwaite    Unequal      7.9605       0.38      0.7115

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.15    0.8945
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-2 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1340      0.1551      0.0693           0      0.3092
          Diff (1-2)            0.0709      0.1604      0.1014

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1340     -0.0585   0.3266      0.1551      0.0929   0.4456
 Diff (1-2)    Pooled             0.0709     -0.1630   0.3048      0.1604      0.1083   0.3072
 Diff (1-2)    Satterthwaite      0.0709     -0.1632   0.3049

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.70      0.5044
                  Satterthwaite    Unequal      7.9663       0.70      0.5045

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.14    0.9026
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-3 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.2480      0.1228      0.0549      0.1181      0.4508
          Diff (1-2)           -0.0431      0.1457      0.0922

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.2480      0.0955   0.4005      0.1228      0.0736   0.3528
 Diff (1-2)    Pooled            -0.0431     -0.2556   0.1694      0.1457      0.0984   0.2792
 Diff (1-2)    Satterthwaite     -0.0431     -0.2588   0.1726

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8      -0.47      0.6525
                  Satterthwaite    Unequal      7.3796      -0.47      0.6535

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.82    0.5773
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-4 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.2568      0.1710      0.0765           0      0.4449
          Diff (1-2)           -0.0519      0.1683      0.1064

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.2568      0.0445   0.4692      0.1710      0.1025   0.4914
 Diff (1-2)    Pooled            -0.0519     -0.2974   0.1935      0.1683      0.1137   0.3224
 Diff (1-2)    Satterthwaite     -0.0519     -0.2974   0.1935

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8      -0.49      0.6387
                  Satterthwaite    Unequal      7.9914      -0.49      0.6387

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.07    0.9508
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-5 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.3202      0.2060      0.0921           0      0.5705
          Diff (1-2)           -0.1153      0.1868      0.1182

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.3202      0.0644   0.5760      0.2060      0.1234   0.5919
 Diff (1-2)    Pooled            -0.1153     -0.3878   0.1572      0.1868      0.1262   0.3580
 Diff (1-2)    Satterthwaite     -0.1153     -0.3900   0.1594

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8      -0.98      0.3578
                  Satterthwaite    Unequal      7.6452      -0.98      0.3590

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.55    0.6818
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-6 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.0335      0.0749      0.0335           0      0.1674
          Diff (1-2)            0.1714      0.1284      0.0812

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.0335     -0.0595   0.1265      0.0749      0.0449   0.2152
 Diff (1-2)    Pooled             0.1714     -0.0159   0.3588      0.1284      0.0868   0.2461
 Diff (1-2)    Satterthwaite      0.1714     -0.0311   0.3740

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       2.11      0.0679
                  Satterthwaite    Unequal       5.572       2.11      0.0829

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       4.88    0.1537
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-7 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1123      0.1059      0.0474           0      0.2276
          Diff (1-2)            0.0926      0.1389      0.0879

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1123     -0.0192   0.2438      0.1059      0.0635   0.3044
 Diff (1-2)    Pooled             0.0926     -0.1100   0.2953      0.1389      0.0938   0.2662
 Diff (1-2)    Satterthwaite      0.0926     -0.1164   0.3016

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       1.05      0.3226
                  Satterthwaite    Unequal      6.8062       1.05      0.3278

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       2.44    0.4085
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-8 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.2074      0.1476      0.0660           0      0.3885
          Diff (1-2)          -0.00249      0.1568      0.0992

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.2074      0.0241   0.3907      0.1476      0.0885   0.4242
 Diff (1-2)    Pooled           -0.00249     -0.2312   0.2262      0.1568      0.1059   0.3004
 Diff (1-2)    Satterthwaite    -0.00249     -0.2317   0.2267

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8      -0.03      0.9805
                  Satterthwaite    Unequal      7.8978      -0.03      0.9806

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.26    0.8301
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                           T-test Results, This is a 2-tailed result
                               See Summary Page for 1-tail Result
                                                               10:48 Wednesday, November 5, 2008

---------------- Test=Larval Endpoint=Percent Combined Mortality Treatment=MP-9 ----------------

                                      The TTEST Procedure

                                       Variable:  Result

          group          N        Mean     Std Dev     Std Err     Minimum     Maximum

          SBREF-80       5      0.2049      0.1655      0.0740           0      0.4328
          Test           5      0.1312      0.1641      0.0734           0      0.4016
          Diff (1-2)            0.0737      0.1648      0.1042

 group         Method               Mean       95% CL Mean        Std Dev      95% CL Std Dev

 SBREF-80                         0.2049    -0.00058   0.4104      0.1655      0.0992   0.4756
 Test                             0.1312     -0.0725   0.3350      0.1641      0.0983   0.4716
 Diff (1-2)    Pooled             0.0737     -0.1667   0.3140      0.1648      0.1113   0.3157
 Diff (1-2)    Satterthwaite      0.0737     -0.1667   0.3140

                  Method           Variances        DF    t Value    Pr > |t|

                  Pooled           Equal             8       0.71      0.4998
                  Satterthwaite    Unequal      7.9994       0.71      0.4998

                                     Equality of Variances

                       Method      Num DF    Den DF    F Value    Pr > F

                       Folded F         4         4       1.02    0.9873
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February 20, 2009 
8-915-16558-0 
 
 
AMEC E&E Geomatrix 
One Union Square, Suite 1020 
600 University Street 
Seattle, Washington 98101-4107 
 
Attention: Dave Haddock 
 
Subject: Archaeological Monitoring of RIFS Sampling in the Whitmarsh Landfill, 
  Skagit County, Washington 
 
Dear Dave: 
 
AMEC-Geomatrix conducted subsurface investigations for an Uplands Remedial 
Investigation/Feasibility Study (RIFS) at the March Point (Whitmarsh) Landfill in Anacortes, 
Washington, between October 29 and November 2, 2008. In a letter to you dated October 16, 
2008, I reviewed the potential for RIFS activities to affect archaeological resources that might 
underlie or exist at the surface adjacent to the project area. I stated my finding as follows: 

“It is my professional opinion that there is a low potential for archaeological resources in the tide 
flat beneath the waste deposits. Although that is the case, I advise that a qualified archaeologist 
should be present during the test pitting to ensure that no unanticipated effects occur to 
archaeological resources. The observations of the monitoring archaeologist will also serve as an 
archaeological survey of the landfill area itself.”  

AMEC-Geomatrix followed that recommendation. Emily Gantz from the Bothell office of AMEC 
Earth & Environmental, Inc. monitored the excavations at the landfill site at all times and kept a 
daily record of her monitoring activities and observations (Attachment A). Her observations are 
summarized below. 

Monitoring Observations. 

Eleven test pits, numbered G-1 through G-11, were opened using an excavator. Each pit was 
excavated into native tide flat sediments or to the water table, whichever was encountered first. 
All pits contained an upper deposit of soil mixed with residential and industrial waste 
(Attachment B, Photos 1 and 2). Nine of the eleven pits reached groundwater before 
encountering native tide-flat sediments. Only pits G-7 and G-11 encountered native sediments. 
Native sediments were encountered at 8 to 10 feet (ft) below ground surface in G-7 (Photo 2) 
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and in G-11 at approximately 8 ft. Sediments consisted of a poorly sorted mix of gravel, sand, 
and mud reduced to a gray color. No shells or archaeological material of any kind was observed 
in either of the pits. 

Conclusion and Recommendations 

Results of archaeological monitoring show that no archaeological resources were affected by 
RIFS activities at the Whitmarsh Landfill. Because the RIFS excavations reached native 
sediments at only two points, however, these results cannot be considered to be a full 
archaeological survey of the underlying landform. They provide no information about the land 
adjacent to the tide flat, which has a much higher potential for archaeological resources. 
Therefore, I recommend that to alleviate the concerns of the Suquamish and Swinomish tribes 
about possible archaeological impacts of later remediation efforts, two actions should be taken.  

• An archaeological survey should be conducted along the historic western shoreline of 
Padilla Bay at the edge of the landfill deposit to identify and document any sites that 
might be affected by remediation activities. Cost of this activity would be approximately 
$7,500. 

• AMEC-Geomatrix should consider including an archaeological monitor during at least 
the initial stages of any remediation that entailed removal of landfill material to the 
contact with natural tide flats. This monitoring would be intended to complete the 
equivalent of archaeological survey under the landfill deposits and establish with 
confidence that no archaeological resources are being affected by excavation of 
contaminated materials. Costs would be dependent on the scale and duration of 
excavation activities. 

If these actions are taken, it is my professional opinion that no significant cultural resources will 
be affected by remediation activities. 

Please feel free to contact me if you have any additional questions. 

Sincerely, 

AMEC Earth & Environmental, Inc. 

James C. Chatters, Ph.D., R.P.A. 
Senior Associate Archaeologist  
 
Attachments: Attachment A – Archaeological Monitoring Logs 
 Attachment B – Photographs 
 



 

 

ATTACHMENT A 
 

Archaeological Monitoring Logs 













 

 

ATTACHMENT B 
 

Photographs 



 

 

 
 
 
 
 
 
 
 
 

 
 
 

Photo 1. An example of landfill deposits excavated at Whitmarsh Landfill. 
 
 
 
 



  

 

 
 
 
 

Photo 2. Native tide-flats exposed beneath landfill material in test pit G-7 (arrow). 
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