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1.0 INTRODUCTION 

This document presents the results of the remedial investigation and feasibility study (RI/FS) for 

the Weldcraft Steel and Marine Site (Site), which was conducted in accordance with Agreed Order 

Number DE 03TCPBE-5623 (Agreed Order) between the Washington State Department of Ecology 

(Ecology) and the Port of Bellingham (Port).  As the owner of the Site, the Port has conducted a number 

of investigations to characterize environmental conditions for soil, groundwater, surface water, and 

marine sediment.  These investigations have confirmed that contamination conditions are present in Site 

media, which has been reported to Ecology, as required under the Washington State Model Toxics 

Control Act (MTCA), Washington Administrative Code (WAC) 173-340. 

The Agreed Order also included an interim action to remediate Site contaminated marine 

sediment.  The interim action was performed in conjunction with infrastructure improvements and marine 

habitat enhancements.  The interim action removed almost 7,000 cubic yards (CYs) of contaminated 

marine sediment and an extensive amount of creosote-treated timbers from the marine environment, and 

concurrently created a habitat bench providing over 2 acres of shallow intertidal habitat adjacent to the 

outer slope of the Squalicum Outer Harbor breakwater.  The interim action is discussed further in 

subsequent sections of this document. 

The RI describes the environmental setting for the Site, and identifies the nature and extent of 

contamination for affected media.  The FS develops and evaluates alternatives for cleanup of Site 

contamination, and presents a preferred cleanup alternative. 

 

1.1 SITE DESCRIPTION AND BACKGROUND 

The Site is located in the northern corner of Squalicum Outer Harbor, as shown on Figure 1.  The 

preliminary Site boundary is defined as the limits of the Weldcraft historical operations area for the 

purposes of RI characterization, and is refined in the FS based on the results of the RI.  Site features pre-

dating the 2003 interim action and Site improvements are shown on Figure 2 and current Site features are 

shown on Figure 3.  As shown on Figure 2, the limits of the Weldcraft historical operations area are 

approximately bounded by Roeder Avenue to the east, Squalicum Way to the north, Squalicum Harbor to 

the west, and a parking lot to the south.   

The Site consists of several buildings, open storage areas, parking lots, and until 2003, a marine 

railway.  North of Building 1 is the location of a former gasoline underground storage tank (UST) and a 

former dispenser island pad that was used to dispense gasoline.  An underground tank that was apparently 

used as a septic holding tank was formerly located between the dispenser pad and the gasoline UST.  The 

gasoline UST was removed from the Site by the previous tenant in 1993 and the septic holding tank was 
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removed by the Port in 2001.  Two active catch basins are located on the Site, labeled Catch Basin Nos. 1 

and 2.  These catch basins currently have concrete-closed bottoms, although Catch Basin No. 2 had an 

open soil bottom until it was replaced by a closed bottom, Type II catch basin in the fall of 2002.  There is 

an inactive slot-drain type catch basin, Catch Basin No. 3, which is not currently active located to the 

south of Building 3.  There are two former and four active outfalls on the Site that discharge to Squalicum 

Harbor.   

It should be noted that Figure 2 represents features present during the Site’s historical operations.  

Existing Site features vary somewhat from those shown on Figure 2 as a result of both the marine 

sediment interim action and associated Site redevelopment in 2003 and 2004.  Current Site features, 

including property ownership information, are shown on Figure 3. 

 

1.2 OBJECTIVES OF THE RI/FS 

The objective of the RI/FS is to collect, develop, and evaluate sufficient information regarding the 

Site to enable the selection of a cleanup action.  Specifically, the RI/FS: 

 Characterizes the nature and extent of contamination for affected media (i.e., soil, 

groundwater, surface water, and marine sediment) 

 Identifies preliminary cleanup levels (PCLs) for affected media 

 Develops and evaluates cleanup action alternatives that protect human health and the 

environment 

 Presents a preferred cleanup action alternative. 

This document presents the information collected and the evaluations performed to achieve this 

purpose. 

 

1.3 REPORT ORGANIZATION 

This RI/FS report is organized as follows: 

 Section 2.0 presents project background, including a summary of Site history, and a 

description of environmental investigations conducted prior to signing of the Agreed Order.  

 Section 3.0 describes the activities conducted following the signing of the Agreed Order, 

including RI soil, groundwater, surface water, and marine sediment investigations and the 

sediment interim cleanup action. 

 Section 4.0 describes the environmental setting for the Site, including its physical features, 

geology, hydrogeology, natural resources, and land use. 

 Section 5.0 develops Site screening levels for affected media, which are used in Section 6.0 

to characterize the nature and extent of contamination.  

 Section 7.0 discusses Site contaminant fate and transport, including contaminant sources and 

the fate and transport processes for identified exposure processes. 
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 Section 8.0 presents the conceptual Site model, including contaminants and sources, and fate 

and transport processes. 

 Section 9.0 presents the development of cleanup standards for the Site, identifies remedial 

action objectives (RAOs), and identifies potentially applicable laws.  

 Section 10.0 identifies Site cleanup units; specific areas of the Site to be addressed in cleanup 

activities.   

 Section 11.0 presents the screening of the remedial technologies. 

 Section 12.0 describes the remedial alternatives. 

 Section 13.0 evaluates the remedial alternatives, including a description of the evaluation 

criteria, the evaluation of the alternatives against the evaluation criteria, and the presentation 

of the disproportionate cost analysis. 

 Section 14.0 presents the summary and conclusions, including a description of the preferred 

alternative. 
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2.0 PROJECT BACKGROUND 

The Port entered into the Agreed Order with Ecology to complete a Final RI /FS for the entire 

Site in 2003.  Prior to entering into the Agreed Order, the Port had conducted a number of environmental 

investigations.  Based on this earlier work, the Agreed Order scope of work allowed for implementation 

of an interim action to address contaminated marine sediment followed by performance of an RI/FS of the 

entire Site, both of which are presented in this document.  This section summarizes the Site history, 

environmental investigations, and independent actions conducted prior to signing of the Agreed Order.  

RI activities and the sediment interim action are summarized in Section 3.0, and the results of the RI, 

integrated with the results of previous investigations, are presented in Section 6.0 (Nature and Extent of 

Contamination).  

 

2.1 SITE HISTORY 

Historical fire insurance maps from 1904 and 1913 show the Site area was originally undeveloped 

tidelands of Bellingham Bay.  The Port has owned the property since 1927.  In the 1920s, the area was 

filled with material dredged during construction of the Squalicum Waterway and from other upland 

sources of fill.  By the 1940s and 1950s, various large businesses began operation in the fill areas along 

the waterway (Landau Associates 1993). 

Weldcraft Steel and Marine was established on the Site in 1946 and was initially involved in 

general boat repair activities.  The company was known as Weldcraft Steel Works until 1961, Weldcraft 

Steel and Tank from 1961 to 1972, and Weldcraft Steel and Marine from 1972 forward.  Weldcraft Steel 

and Marine primarily operated as a boatyard that conducted various activities, including boat 

construction, repair, and maintenance; wood and metal fabrication; marine pipefitting; electrical; sheet 

metal work; painting; machinery construction, installation, and repair; vessel haul-out and launching; 

lofting and pattern-making; canvas and plastic work; storage, brokerage, retail, and wholesale sales; and 

concrete work. 

The Site was identified as one of several cleanup sites in the Bellingham Bay Comprehensive 

Strategy final environmental impact statement (FEIS; Anchor Environmental 2000) developed under the 

Bay-wide Demonstration Pilot.  Ecology placed the Site on its Confirmed and Suspected Contaminated 

Sites List in 2001, and gave the Site a “1” ranking under the Washington Ranking Method (WARM) 

following completion of a Site Hazard Assessment (SHA) in 2002.  WARM categorizes contaminated 

sites between 1 and 5, with 1 representing the highest priority for cleanup.   
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The Port’s lease with Weldcraft Steel and Marine was terminated in February 2000 and the Port 

obtained full operational control of the Site in July 2000.  The Port entered into an Agreed Order with 

Ecology in July 2003. 

Since April 2004, the Site has been leased to and occupied by Seaview Marine, operating as 

Seaview Boatyard North, a company that performs general boat repair activities.  A number of 

improvements to Site infrastructure and an interim action that primarily addressed marine sediment 

contamination conditions were implemented in 2003 and 2004.  The Site improvements that were made in 

conjunction with and concurrent to the marine sediment interim action to support the operations of 

Seaview Boatyard North included: 

 Removal of the marine railway system 

 Installation of a new steel sheet pile bulkhead to enclose the former marine railway ramp and 

to facilitate removal of contaminated marine sediment (existing bulkhead left in place) 

 Backfilling and paving of the upland portion of the former marine railway ramp to adjacent 

grades  

 Repair of the existing timber bulkhead along the north shoreline  

 Repair/replacement of damaged timber piles associated with the existing wharf and north 

timber bulkhead and the north travel lift float  

 Marine sediment dredging to attain adequate drafts of -12 feet (ft) Mean Lower Low Water 

(MLLW) for vessels in the vicinity of the new 150-ton travel lift 

 Repair/replacement of selected structural elements of the existing wharf 

 Construction and installation of a new 150-ton travel lift pier to replace the marine railway.   

A marine habitat bench was created in conjunction with the activities described above to mitigate 

for the impacts of the Site improvements on aquatic habitat and to provide additional marine habitat 

enhancement beyond that required for mitigation.  The habitat bench is discussed further in Section 3.4.1.  

Current Site features are shown on Figure 3. 

 

2.2 PRE-AGREED ORDER ENVIRONMENTAL ACTIVITIES 

Assessment of a site is often implemented in multiple investigative phases, with each phase 

building on the understanding developed from the previous site investigations.  A number of upland and 

marine sediment investigative efforts have been completed at the Site, starting with the Phase I 

Environmental Site Assessment (ESA) in 1993 (Landau Associates 1993) and progressing through upland 

remedial investigation activities initiated in 2003.  In addition to environmental investigation activities, 

the Port conducted waste removal and decommissioning activities to prevent potential releases from 

hazardous materials left by its former tenant. Waste removal and decommissioning activities are 

discussed further in Section 2.2.2. 
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Prior to entering into the Agreed Order, the Port conducted Site investigation activities as 

independent actions under MTCA, including development of the Upland RI Work Plan (Landau 

Associates 2002).  Ecology comments were considered prior to work plan implementation.  Work 

conducted under the Upland RI Work Plan is presented as “remedial assessment” work in this report 

because the activities were conducted prior to the Agreed Order.  Only environmental investigation 

activities conducted subsequent to signing of the Agreed Order are considered RI activities for the 

purposes of this report.   

 

2.2.1 PREVIOUS INVESTIGATIONS 

This section provides a description of Site environmental investigation activities conducted prior 

to signing the Agreed Order.  The description of relevant previous Site investigation activities are 

integrated in this section by the nature of the investigation activity or the media of concern (e.g., soil, 

groundwater, or marine sediment investigations) to provide the reader a comprehensive understanding of 

the scope of investigation activities that were implemented prior to conducting the RI.   

The results of the previous investigations are presented with the RI data in Section 6.0.  However, 

a brief description of the conclusions for each investigation phase that preceded the RI (e.g., Phase II ESA 

and Phase III ESA) is presented in this section to provide the reader an understanding of the basis for the 

subsequent RI activities.   

A number of environmental investigations were conducted at the Site that provided data used in 

this RI.  Prior to implementation of the RI, investigations at the Site included: 

 Phase I ESA (Landau Associates 1993)  

 Phase II ESA (Landau Associates 1998)  

 Phase III ESA (Landau Associates 2001c) 

 Supplemental Marine Sediment Investigation (Landau Associates 2001d) 

 Upland remedial assessment in 2002 (results not previously reported). 

A total of 37 soil borings, 8 soil grab samples, 9 monitoring wells, and 1 hand auger were 

completed during these pre-RI investigations.  Groundwater samples were collected from seven of the 

borings, in addition to samples collected from the nine monitoring wells.  Also, a total of 15 surface 

marine sediment samples and 7 sediment cores, including 10 discrete samples, were collected during 

these pre-RI investigations.  Boring logs and well construction details are presented in Appendix A.   

Site drainage was evaluated based on visual observations of drainage features, catch basins, and 

outfalls made during the Phase I ESA, and the remedial assessment.  The evaluations were focused on 

general Site drainage characteristics, and on evaluating stormwater controls at the Site related to the 

management of stormwater. 
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Table 1 summarizes the scope of explorations associated with pre-Agreed Order investigation 

activities and post-Agreed Order activities.  A summary of the upland and marine sediment sampling 

activities and the associated sample analyses are presented in Table 2.  Upland sampling locations, 

including those related to pre-Agreed Order activities, are shown on Figure 4.  Pre-interim action and 

Agreed Order marine sediment sampling locations are shown on Figure 5. 

The results of these investigations are summarized below.  Where referenced in this section, 

screening levels refer to the criteria developed in Section 5.0 for affected media, as presented on Tables 6 

and 7.  The individual investigation reports for the Phase I, II, and III ESAs provide more complete 

information on the activities associated with these investigations. 

 

2.2.1.1 Phase I ESA  

The 1993 Phase I ESA identified various areas of potential environmental concern, primarily 

related to poor housekeeping practices during Site operations.  Specific items of concern that were 

identified in 1993 included: 

 Potential impacts to soil and groundwater from one or more USTs.  One former gasoline UST 

had been removed from the north side of Building 1, but there were no records documenting 

the removal procedures or whether the tank had leaked.  A second UST was suspected to be 

present on the north side of Building 1 based on the presence of a vent pipe.  There was no 

information regarding the type of UST, if present, or whether the tank had ever leaked.  The 

suspected second UST was subsequently determined to be a former septic holding tank 

during its removal (see Section 2.2.2). 

 Extensive oil staining in the outside paved storage areas and unpaved yard that may extend 

beyond the surface due to prolonged operations at the Site. 

 Historical sandblasting activities in the yard and buildings and near the marine railway could 

be a source of heavy metal impact to soil, groundwater, and marine sediment. 

 Potential impacts to marine sediment due to an outfall located in the bulkhead west of the Site 

buildings; the origin and use of the outfall was not determined. 

2.2.1.2 Phase II ESA 

The 1998 Phase II ESA evaluated conditions of potential concern identified in the Phase I ESA, 

including the location of a former gasoline UST, location of the former septic holding tank, the catch 

basins, oil stained areas, and boat maintenance work yards.  Based on the results of the investigation, the 

findings include the following: 

 The former gasoline UST had locally affected Site soil and groundwater with primarily 

gasoline-range petroleum hydrocarbons at concentrations greater than the screening levels.  

Groundwater did not exceed screening levels, except for gasoline-related constituents in the 

vicinity of the former gasoline UST. 
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 Localized areas of oil-range petroleum hydrocarbon contamination were identified at three 

locations, although revisions to the MTCA regulations implemented in 2001 resulted in the 

concentrations being below the screening levels in all but one location (SB-8). 

 Lead concentrations above the soil screening level was identified in shallow soil in the 

northeast work yard to the east of Building 1 at one location (SB-20). 

 Marine sediment containing concentrations of a number of metals and organic constituents 

above the screening levels was encountered in surface sediment collected from the marine 

railway well area. 

2.2.1.3 Phase III ESA 

 The 2001 Phase III ESA further evaluated soil and groundwater quality conditions in the 

vicinity of the oil-range petroleum hydrocarbon soil contamination and gasoline-range 

petroleum hydrocarbon contamination identified during the Phase II ESA.  No constituents 

were detected above the screening levels in soil samples collected during the Phase III ESA.  

No constituents exceeded the groundwater cleanup levels for gasoline-related constituents in 

the samples collected from wells located upgradient and downgradient of the former UST 

source area, although no groundwater samples were collected from the source area. 

2.2.1.4 Supplemental Marine Sediment Investigations  

Landau Associates conducted a supplemental marine sediment investigation in 2000 and a marine 

sediment remedial assessment in 2001.  These investigations identified marine sediment contamination 

extending to a depth of 4 ft in the vicinity of the marine railway.  Tributyltin (TBT) and mercury were the 

ubiquitous contaminants identified in Site marine sediment.  TBT concentrations tended to decrease with 

depth, indicating it was a more recent contaminant.  Mercury contamination tended to increase with 

depth, indicating that mercury was a historical contaminant.  Other marine sediment screening level 

exceedances at the Site prior to implementation of the marine sediment interim action consisted of: 

 Fluoranthene:  Marine surface sediment organic carbon normalized concentration at SD-TL 

of 268 milligrams per kilogram (mg/kg), compared to the fluoranthene Sediment 

Management Standards (SMS; Chapter 173-204 WAC) sediment quality standard (SQS) of 

160 mg/kg. 

 Bis(2-ethylhexyl)phthalate (BEHP):  Marine surface sediment organic carbon normalized 

concentrations of 63 mg/kg at RIFS-02 and 85 mg/kg at SD-MW, compared to the BEHP 

SQS of 47 mg/kg. 

 Copper:  Marine surface sediment concentration at RIFS-02 of 827 mg/kg, compared to the 

copper SQS of 390 mg/kg. 

As discussed in the Interim Action Work Plan (Landau Associates 2003), Appendix C to the 

Agreed Order:  

 The marine railway near its upland terminus appeared to be the primary source of marine 

sediment contamination from historical Site operations.   

 To a lesser extent, the travel lift vicinity may have also contributed to marine sediment 

contamination in the past.   
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 Available data do not suggest that the outfalls were a significant source of Site marine 

sediment contamination.   

2.2.1.5 Upland Remedial Assessment 

The upland remedial assessment was conducted in 2002 to fill data gaps remaining from the 

previous Site investigations.  The remedial assessment focused on further characterization of soil and 

groundwater conditions near the former gasoline UST and in the vicinity of Catch Basin No. 2, and the 

potential for impacts to Bellingham Bay.  The results confirmed the presence of gasoline-range petroleum 

hydrocarbons exceeding the screening levels in the immediate vicinity of the former UST, and indicated 

that natural attenuation appeared to be occurring downgradient of the gasoline source area.  The 

investigation also demonstrated that downgradient groundwater was not affected by diesel-range 

petroleum hydrocarbon contamination that had been detected in Catch Basin No. 2 sediment. 

 

2.2.2 WASTE REMOVAL AND DECOMMISSIONING  

As an independent action, the Port performed waste removal and decommissioning activities at 

the Site in preparation for use by its new tenant, Seaview Boatyard North in January 2001.  The Port 

cleaned out the three catch basins and removed a septic holding tank from the northwest side of 

Building 1.  During its removal, the underground tank was determined to most likely be a septic holding 

tank based on the fact that the exit line was vitrified clay pipe that drained toward Squalicum Way.  

The materials of construction (i.e., vitrified clay), and the direction of discharge indicated that the 

tank was most likely used to hold septage that was then discharged to the sanitary sewer along 

Squalicum Way.  The Port also removed the concrete dispenser island pad from the northwest side of 

Building 1, which was associated with the former gasoline UST, whose undocumented removal was 

conducted by the former tenant.  

As part of that independent action, samples of soil from the septic holding tank excavation, 

beneath the open bottomed catch basin (Catch Basin No. 2), and beneath the removed dispenser island 

pad were collected and tested to further document and evaluate Site conditions.  The locations of the 

former septic holding tank, dispenser island pad, and Catch Basin No. 2 are shown on Figure 2.  The 

results of the waste removal and decommissioning activities are documented in a technical memorandum 

(Landau Associates 2001b), which includes a more complete description of the activities.  The analytical 

results for the soil samples collected during the independent action indicated that: 

 The soil sample collected from below the base of open-bottom Catch Basin No. 2 following 

removal of accumulated stormwater sediment and soil contained total petroleum 

hydrocarbons (TPH) in the diesel range at a concentration of 2,500 mg/kg, which exceeds the 

screening level of 2,000 mg/kg.   
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 The soil sample collected from the septic holding tank excavation bottom contained TPH in 

the gasoline range at a concentration of 470 mg/kg, which exceeds the screening level of 

30 mg/kg [based on the presence of benzene (see Section 5.0)].  [There is no evidence that 

gasoline was stored in or discharged to the septic holding tank.  The former gasoline UST, 

associated fuel lines, and/or dispenser island are the probable source(s) of the gasoline TPH 

levels detected at this location.] 

 The soil sample collected from beneath the former dispenser island pad indicated the 

presence of gasoline-range TPH at a concentration above the screening level. 

 

The analytical results for these interim action activities are presented in Section 6.0. 
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3.0 AGREED ORDER FIELD ACTIVITIES 

This section describes activities conducted under the Agreed Order, including RI activities and 

the marine sediment interim action.  RI field methods are described in Appendix B.  The description of 

relevant Site characterization activities are integrated in this section by media of concern (i.e., soil, 

groundwater, marine sediment, and surface water) to provide the reader a comprehensive understanding 

of the scope of activities that were conducted under the Agreed Order.  Upland RI data are presented in 

conjunction with upland pre-RI data in Sections 4.0 (Environmental Setting) and 6.0 (Nature and Extent 

of Contamination) to provide an integrated evaluation of upland data relevant to the nature and extent of 

Site contamination.  Pre-Agreed Order and interim action performance and confirmational monitoring 

marine sediment quality data are discussed in this Section and in Section 6.0 to provide the reader an 

understanding of sediment quality conditions prior to and following implementing the marine sediment 

interim action.   

 

3.1 SOIL INVESTIGATION 

In spring 2006, 21 soil borings (SB-34 through SB-43, SB-53, SB-54, SB-55, SB-57, SB-59,  

SB-61 through SB-65, and SB-67) were installed to better delineate the extent of soil contamination 

associated with the former gasoline UST.  The explorations were advanced using direct-push drilling 

methods, in accordance with the Supplemental RI Work Plan (Landau Associates 2006a).  The soil 

borings were installed in and around Buildings 1 and 2, as shown on Figure 4.  Soil samples were 

screened with a photoionization detector (PID) and the sample with the highest PID reading from each 

boring was tested for gasoline-range petroleum hydrocarbons using Method NWTPH-G.  Selected 

samples were also analyzed for benzene, toluene, ethylbenzene, and xylene (BTEX).  

In spring 2006, eight soil borings (SB-44 through SB-51) were also advanced in the vicinity of 

the former Northeast Work Yard sandblast area located east of Building 1, as shown on Figure 4.  The 

soil borings were drilled using a combination of direct-push drilling methods and hand-auger techniques 

due to access limitations.  Soil samples were collected from three discrete intervals [0 to 1 ft below the 

ground surface (BGS), 1 to 2 ft BGS, and 2 to 3 ft BGS].  Soil samples from each 0- to 1-ft interval were 

analyzed for arsenic, copper, lead, mercury, nickel, and zinc.  Soil samples from deeper intervals were 

analyzed for those constituents that exceeded the screening levels in the overlying interval.   

In fall 2007, two soil borings (SB-68 and SB-69) were advanced in the vicinity of Catch Basin 

Nos. 1 and 3, respectively.  Soil samples were collected immediately below the bottom depth of each 

catch basin.  Soil samples were analyzed for NWTPH-G and total metals (copper, lead, mercury, nickel, 

and zinc).  Soil boring logs are presented in Appendix B.  
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3.2 GROUNDWATER INVESTIGATION 

RI groundwater investigation activities included construction of additional monitoring wells and 

groundwater monitoring at both the new wells and existing wells (Figure 4).  Groundwater samples were 

also collected from soil borings and a weep hole present in the bulkhead located between the 150-ton 

travel lift piers.   

Weep holes are installed in sheet pile bulkheads to allow groundwater to discharge through the 

wall and prevent the buildup of hydrostatic pressure.  Weep holes are spaced about every 10 ft along the 

wall at an elevation of about 6 ft MLLW.  Although there are a number of weep holes in the galvanized 

steel bulkhead, the weep hole located just south of the northern 150-ton travel lift pier is the only one that 

exhibits sufficient discharge of groundwater for sampling.  The weep hole discharges groundwater at a 

high rate, likely because it is in direct hydraulic connection with coarse sand and gravel backfill placed 

between the old and new bulkheads and in the former marine railway well located immediately 

upgradient of the weep hole.  The flows from the weep hole are sufficient to cause a large stream of water 

from weep hole to project a significant distance into the marina, and as a result, a steel drop tube was 

installed at the weep hole to direct groundwater discharge downward to avoid discharging groundwater on 

boats using the travel lift.  The two other weep holes between the 150-ton travel lift piers also exhibit 

minor seepage, but insufficient flow for groundwater sampling.   

Groundwater monitoring of wells installed prior to the RI was conducted during summer 2004 to 

determine whether groundwater quality conditions had changed since the previous round of sampling in 

2002, and to collect supplemental data on groundwater metals concentrations near the downgradient, 

western end, of the Site.  Monitoring wells MW-3, MW-4, MW-7, and MW-8 were sampled and tested 

for NWTPH-G and BTEX to evaluate conditions downgradient of the former gasoline UST.  Monitoring 

wells MW-1, MW-3, MW-4, and MW-7 were sampled and tested for selected dissolved metals (arsenic, 

copper, lead, mercury, nickel, and zinc) based on previously detected elevated concentrations for these 

metals in shallow soil.  Additionally, monitoring well MW-9, located downgradient of Catch Basin No. 2, 

was sampled and tested for diesel- and oil-range organics using Method NWTPH-Dx. 

Three additional groundwater monitoring wells, MW-10, MW-11, and MW-12, were installed in 

spring 2006 adjacent to the shoreline to characterize groundwater metals concentrations as close as 

practicable to the point of groundwater discharge to surface water.  Drilling and construction of the 

monitoring wells were conducted in accordance with the Supplemental RI Work Plan (Landau Associates 

2006a).  Boring and well construction logs for the monitoring wells constructed during the RI are 

presented in Appendix B. 

Monitoring well water levels were gauged and groundwater samples collected from selected wells 

in June and December 2006 to provide additional data for evaluating groundwater quality, flow direction, 
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and gradient.  The samples were analyzed for dissolved metals (copper, lead, mercury, nickel, and zinc).  

Two groundwater samples were collected from each of the selected wells during the December sampling 

round to evaluate the extent to which groundwater quality was affected by high and low tidal stages; these 

samples were analyzed for dissolved metals (copper, nickel, and zinc) and geochemical parameters. 

Additional groundwater quality samples were collected in October 2007 from soil borings SB-68 

and SB-69, located immediately downgradient of Catch Basins Nos. 1 and 3, respectively, for analysis of 

volatile organic compounds (VOCs), NWTPH-G, and dissolved metals (copper, lead, mercury, nickel, 

and zinc) to evaluate whether leakage from the catch basins may have impacted groundwater quality.  

Also in October 2007, a groundwater sample was collected from well MW-9 and analyzed for VOCs, 

NWTPH-G, and NWTPH-Dx to confirm earlier groundwater monitoring that indicated groundwater was 

not affected by releases from Catch Basin No. 2.   

In February and November 2007, groundwater samples were collected from the bulkhead weep 

hole present immediately south of the northern 150-ton travel lift pier to evaluate groundwater quality at 

its point-of-discharge to surface water.  Other weep holes were evaluated for potential sampling, but 

insufficient discharge was occurring for sample collection.  The weep hole groundwater samples were 

analyzed for NWTPH-G, BTEX, VOCs, dissolved metals (copper, nickel, and zinc), and conventional 

parameters. 

 

3.3 SURFACE WATER INVESTIGATION 

Surface water samples were collected from a nearby dock extending into Bellingham Bay in 

December 2006 and February 2007 to evaluate background surface water quality conditions in the Site’s 

vicinity.  The surface water samples were analyzed for dissolved metals (copper, nickel, and zinc) and 

conventional parameters.   

 

3.4 MARINE SEDIMENT INTERIM ACTION AND COMPLIANCE 

MONITORING 

This section summarizes the marine sediment interim action conducted at the Site between 

September 2003 and March 2004 to fulfill one of the Agreed Order requirements.  The interim action was 

conducted to address the marine sediment contamination identified during the 2000 and 2001 marine 

sediment remedial assessment described in Section 2.2.1.4.  A more detailed description of the interim 

action is provided in the Interim Action Completion Report (Landau Associates 2006b), which is 

provided on a compact disk in Appendix C of this RI/FS report.  Compliance monitoring activities 

associated with the interim action are also described in this Section.   
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3.4.1 INTERIM ACTION  

As discussed in Section 2.2.1.4, marine sediment contamination associated with historical 

boatyard activities existed in the vicinity of the former marine railway and the existing 30-ton travel lift, 

and consisted primarily of TBT and mercury contamination with less extensive, co-located, marine 

sediment contamination consisting of other metals and organic constituents.  The nature and extent of pre-

interim action marine sediment contamination is presented on Figures 6 and 7 as exceedance ratios 

relative to the sediment screening criteria used at the time of the interim action, which consist of the SQS 

and the Cleanup Screening Level (CSL).  An exceedance ratio is the ratio of the measured concentration 

to the applicable criterion and provides a representation of the degree to which a concentration exceeds 

the criteria (i.e., an exceedance ratio of two indicates that the concentration is two times the criterion).  

The pre-interim action marine sediment quality data and the SQS and CSL criteria are presented in tabular 

format in Appendix D.   

The marine sediment interim action consisted of dredging about 6,800 CYs of contaminated 

marine sediment and, in areas dredged to below elevation -13 ft MLLW, backfilling with clean, imported 

gravelly sand.  Marine sediment dredging was conducted in conjunction with removal of the marine 

railway, construction of a new bulkhead, and other Site improvements.  The extent of the marine sediment 

dredging is shown on Figure 8.  

A marine habitat bench was constructed concurrent with the sediment interim action.  The habitat 

bench was constructed to mitigate for impacts associated with Site redevelopment, and as such, is not 

related to Site environmental conditions or Agreed Order activities.  The performance of the habitat bench 

is being tracked by the U.S. Army Corps of Engineers (USACE) and state and federal resource services 

under the conditions associated with the permits issued for in-water construction.  As a result, the 

construction and performance of the habitat bench is not addressed in this document.  

 

3.4.2 DEVELOPMENT OF SEDIMENT CLEANUP LEVELS 

Sediment cleanup levels were developed for the interim action based on potential exposure 

pathways and receptors of contaminants in sediment.  The potential exposure pathways and receptors 

include the following: 

 Marine sediment uptake by benthic organisms.  There is a potential pathway for benthic 

organisms to uptake contaminated marine sediment. 

 Ingestion of benthic organisms (Food Chain) – potential pathway.  There is a potential for 

humans to be exposed to Site contaminants through ingestion of benthic organism and/or fish 

that have been exposed to Site contaminants that are bioaccumulative.  The commercial use 

of the Site marine area and limited public access largely prevents the direct harvesting of 

benthic or epibenthic organisms from the Site.  However, the Site is likely frequented by 

forage fish and migratory salmon that may consume benthic organisms present at the Site, 
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potentially resulting in direct impacts to the fish and food chain affects to higher order aquatic 

species and humans that consume the affected fish.  

Incidental contact by humans with contaminated marine sediment was not considered a potential 

pathway due to the inaccessibility of the sediment to humans at this Site.  To address the potential 

exposure pathway to benthic organisms, marine sediment cleanup levels were developed using the SMS 

cleanup standards for each constituent of concern (except TBT which does not have promulgated SMS 

values).  The SMS rule was recently updated and went into effect on September 1, 2013.  The SMS 

cleanup standards are protective of the benthic organisms and range from the SQS [the level below which 

is expected to cause no adverse effects to biological resources nor pose a significant health threat to 

humans; now referred to as the Sediment Cleanup Objective (SCO)] to the CSL (the level expected to 

cause only minor adverse effects to biological resources).   

Based on WAC 173-333, the only potentially bioaccumulative toxins (PBTs) in marine sediment 

are mercury and certain polycyclic aromatic hydrocarbons (PAHs).  Although no site-specific mercury 

cleanup level was developed to address the potential exposure pathway through the food chain, a 

bioaccumulative screening level (BSL) for mercury has been developed for the Whatcom Waterway Site 

(Whatcom County Superior Court 2007).  This BSL (1.2 mg/kg) is greater than the SMS numeric benthic 

criterion.   

Some PAHs in the heavy PAH (HPAH) range are also considered PBTs, which can affect humans 

and other higher trophic-level species.  The new SMS rule requires the development of screening levels 

that consider bioaccumulative effects if PBT compounds are present at concentrations greater than the 

natural background concentrations.  Guidance for addressing PBTs in marine sediment is provided in the 

draft Sediment Cleanup Users Manual (SCUM) II (Ecology 2013).   

Under the draft of SCUM II, the SCO for PBTs is the highest of the following: 

 Natural background concentrations 

 Practical quantitation limit (PQL)  

 Risk-based concentration. 

The CSL is based on the highest of the: 

 Regional background concentration 

 PQL  

 Risk-based concentration. 

The revised draft SCUM II guidance presents calculated Puget Sound natural background values 

for PBTs, however Ecology has not yet calculated regional background concentrations for Bellingham 

Bay.  The PQLs are established for analytes based on laboratory reporting limits.  Risk-based 
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concentrations have not been developed as it was assumed that these would be lower than the PQL and 

background levels. 

PAHs are ubiquitous in the marine environment and are typically elevated above natural 

background in marinas and other working waterfront areas due to the presence of creosoted pilings, 

bulkheads, and other marine structures.  Site PAH concentrations, specifically carcinogenic polycyclic 

aromatic hydrocarbons (cPAH) TEQ values, range between14.6 µg/kg and 78.5 µg/kg, as presented in 

Table 10.  Values for cPAH TEQs detected elsewhere in Squalicum Harbor ranged between 18.2 µg/kg 

and 126.5 µg/kg in samples collected during a 2007 sediment quality investigation for the Port’s Gate 3 

project, as presented in Table 11.  Since Site cPAHs are less than or equal to values found within the 

Squalicum Harbor area, the cPAHs present in Site marine sediment do not appear to be related to Site 

releases.   

Ecology has not yet calculated a regional background concentration for cPAHs, but cPAH 

concentrations within Squalicum Harbor, including the Site, may be consistent with regional background 

concentrations.  Because the cPAHs do not appear to be related to Site releases and Ecology has not yet 

calculated regional background, no screening level is established for the Site at this time.  Ecology will 

revisit this as part of developing the cleanup action plan for the Site, at which time the source of cPAHs in 

Site marine sediment may be further evaluated and regional background concentrations may be available. 

Although no promulgated SMS values are available for TBT, the Dredged Material Management 

Program (DMMP) evaluation criteria for open water disposal identifies a no effects TBT marine sediment 

porewater criteria of 0.05 micrograms per liter (g/L) and a potential adverse affects marine sediment 

porewater criteria of 0.15 g/L for open water disposal of dredged material.  These Puget Sound Dredge 

Disposal Analysis (PSDDA) criteria provide a reasonable basis for assessing the potential effects of TBT 

on marine biota.  For the purposes of this RI, a TBT porewater concentration of 0.05 g/L is considered 

analogous to the SQS and a TBT porewater concentration of 0.15 g/L is considered analogous to the 

CSL. 

Because significantly more bulk TBT data are available than porewater TBT data, a correlation 

between bulk and porewater TBT concentrations was developed to allow a more comprehensive 

evaluation of the extent of TBT contamination based on bulk TBT data.  A linear regression analysis was 

performed for co-located porewater and bulk TBT data.  A strong correlation with an R
2
 of 0.96 was 

obtained for the six available data points, as shown on Figure 9.  Based on this linear regression, the 

preliminary Site-specific bulk TBT SQS and CSL criteria are 79 micrograms per kilogram (g/kg) and 

156 g/kg, based on the PSDDA TBT porewater evaluation criteria of 0.05 and 0.15 g/L, respectively.  

These values were developed with the review and concurrence of Ecology.  Because the SQS was 
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selected as the basis for the preliminary marine sediment cleanup levels, the TBT concentration of 

79 µg/kg was identified as the marine sediment screening level for TBT.   

The marine sediment cleanup levels are presented in Table 3.  

 

3.4.3 COMPLIANCE MONITORING 

Compliance monitoring for the interim action consisted of the following: 

 Protection monitoring to confirm that human health and the environment are adequately 

protected during construction of the interim action 

 Performance monitoring to confirm that the interim action attained the sediment screening 

levels within the predominantly biologically-active zone [the upper 12 centimeters (cm)] 

established for the project 

 Confirmational monitoring to confirm the long-term effectiveness of the interim action once 

the cleanup standards and other performance standards have been attained. 

 

This section summarizes the performance and confirmational monitoring and the development on the 

cleanup standards used in the monitoring program.  Further details of the interim action compliance 

monitoring are provided in the Interim Action Completion Report (Appendix C; Landau Associates 

2006b) and the 2009 Sediment Data Report (Appendix E; Landau Associates 2009a). 

 

3.4.3.1 Performance Monitoring 

Performance monitoring was first conducted in January 2004, immediately following the interim 

action dredging in the Marine Area.  Twelve surface marine sediment samples (SPM-1 through SPM-12) 

were collected at the locations shown on Figure 10, to determine if the dredging associated with the 

interim action had removed sediment with chemical concentrations above the project sediment quality 

standards (i.e., the SQS and the CSL).  The samples were tested for semivolatile organic compounds 

(SVOCs), metals (i.e., arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc), bulk 

organotins (including TBT), and total organic carbon (TOC).  Two samples collected from the marine 

railway well area (SPM-7 and SPM-11) also underwent analysis for TPH using methods NWTPH-Gx and 

NWTPH-Dx.  The analytical results are summarized in tabular format in Appendix F. 

The analytical results from this round of performance monitoring indicated that surface marine 

sediment at each of the nine sampling locations within the marine dredge area still exceeded the SMS 

SQS or CSL numeric benthic criteria for mercury, zinc, TBT and/or individual PAHs, as shown on 

Figure 10.  Only analytical results for two sediment samples collected outside the dredge prism, SPM-10 

and SPM-11, did not exceed the SMS SQS and the CSL numeric benthic criteria.  Based on these initial 

results, additional dredging was performed in front of the former marine railway well area, which 

included sample locations SPM-3 and SPM-5, in February 2004.   



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 3-8 LANDAU ASSOCIATES 

In July 2004, supplemental marine sediment performance monitoring was implemented to 

evaluate the vertical extent of the marine sediment cleanup level exceedances where additional dredging 

did not occur (i.e., at sample locations SPM-2, SPM-4, and SPM-6) and to evaluate whether the additional 

dredging conducted in front of the former marine railway well area at sample locations SPM-3 and  

SPM-5 achieved the sediment interim action cleanup levels.  The marine sediment samples collected in 

July 2004 were labeled SPM-2A, SPM-3A, SPM-4A, SPM-5A, and SPM-6A and were located as shown 

on Figure 10.  At locations SPM-3A and SPM-5A surface samples were collected.  At locations SPM-2A, 

SPM-4A, and SPM-6A, core samples were collected.  Subsamples were collected from each core from the 

following intervals (based on zero being the top of the post-dredging surface or the base of the backfill):  

0 to 4 inches (0 to 10 cm), 12 to 16 inches (30 to 40 cm), and 24 to 28 inches (61 to 71 cm).  Backfill 

material, if present, was not sampled.  Note that the 2004 compliance monitoring activities were 

conducted based on the standard SMS definition of the upper 10 cm representing the predominantly 

biologically-active zone, prior to the upper 12 cm being established as the more applicable surface 

sediment sampling interval for Bellingham Bay (RETEC 2006). 

The additional marine sediment samples were analyzed for mercury (all samples) and TBT 

(SPM-3A and SPM-5A).  SVOCs and metals, other than mercury, were not tested because the number 

and level of exceedances for these parameters were low relative to the number and level of mercury and 

TBT exceedances.  None of the sediment samples analyzed during the July 2004 performance monitoring 

event exhibited exceedances of the SQS or CSL numeric benthic criteria, except for mercury in SPM-4A 

(0 to 4 inches), which was detected at a concentration above the CSL.  July 2004 mercury results are 

presented on Figure 10 and the July 2004 analytical results are presented in tabular format in Appendix F. 

 

3.4.3.2 2009 Confirmational Sampling 

Confirmational monitoring to determine the long-term effectiveness of the interim action was 

conducted in October 2009, approximately five years after completion of the interim action.  Marine 

sediment samples were collected at nine locations within the Marine Area.  Six samples were collected 

from the location of the interim action dredge prism.  Five of these samples were co-located with the 2004 

post-interim action performance monitoring locations that exhibited the highest concentrations of 

sediment constituents of concern (COCs) in the post-interim action sediment compliance monitoring.  

The remaining three samples were collected immediately outside the former dredge prism and were also 

co-located with previous confirmational sampling locations.  Where applicable, the sample identifications 

included the post-interim action compliance monitoring sample identifications and the year 2009.  The 

2009 confirmation sampling locations are shown on Figure 11.  Each sediment sample consisted of 
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sediment collected from the upper 12 cm, which is considered the biologically-active zone for Bellingham 

Bay (RETEC 2006), as indicated above.  

The sediment was retrieved at each sampling station using a 36-ft vessel with a pneumatic power 

grab sampler.  In accordance with the Sampling and Analysis Plan (SAP) prepared for the 2009 

confirmational sampling event (Landau Associates 2009b), samples for laboratory analysis were collected 

from the upper 12 cm using a stainless-steel spoon, homogenized in a stainless-steel bowl, and placed in 

the appropriate sample container.  The sediment samples were analyzed for the COCs (i.e., mercury, zinc, 

acenaphthene, flourene, fluoranthene, phenanthrene, and dibenzofuran).  TOC in each sediment sample 

was also measured.   

For data validation purposes, a blind field duplicate sample was collected at station SPM-4-09 

(duplicate sample identified as SPM-0-09).  Matrix spike and matrix spike duplicate samples were also 

collected at station SPM-10-09.  The blind field duplicate and the matrix spike and matrix spike 

duplicates were analyzed for all of the COCs.  None of the concentrations exceeded the SQS or CSL 

numeric benthic criteria.  Reporting limits for the non-detected constituents were also below the SQS and 

CSL numeric benthic criteria.  The analytical results for the 2009 confirmational sampling are discussed 

further in Section 6.4; the 2009 Sediment Data Report (Landau Associates 2009a) is included in 

Appendix E. 
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4.0 ENVIRONMENTAL SETTING 

This section describes the Site environmental setting.  The results of previous investigations 

relevant to the Site environmental setting are integrated with RI data in this section to provide the reader a 

comprehensive understanding of Site conditions.  The environmental setting includes physical conditions, 

geology, hydrogeology, natural resources, and land and navigational uses.  Laboratory analytical results 

and associated evaluation of the nature and extent of contamination are presented in Section 6.0. 

 

4.1 PHYSICAL CONDITIONS 

Site physical conditions are relevant because they have the potential to affect the fate and 

transport of contaminants.  Physical conditions discussed below include Site shoreline features, 

topography, bathymetry, surface cover, stormwater management, and utilities.   

 

4.1.1 SHORELINE FEATURES 

Historical shoreline features are shown on Figure 2 and current shoreline features are shown on 

Figure 3.  As previously discussed in Section 2.1, shoreline features were significantly altered during Site 

redevelopment in 2003.  Site improvements were installed concurrent with sediment interim action 

activities.  The primary changes that occurred to shoreline features included removal of the marine 

railway and construction of a new galvanized steel bulkhead along the shoreline.  Removal of the marine 

railway eliminated the primary source of Site marine sediment contamination.  The new significantly 

modified groundwater flow by restricting groundwater discharge at the bulkhead and redirecting it to the 

northern bulkhead weep hole located between the 150-ton travel lift piers; minor groundwater seepage has 

also been observed from two other weep holes located between the 150-ton travel lift piers, but at flow 

rates too low to quantify or sample.  Wetting has also been observed at some bulkhead sheet pile seams, 

but not visible flow.  The bulkhead extends a significant distance into the underlying glacial marine drift 

aquitard, providing a vertical barrier to groundwater migration, with the primary point of groundwater 

discharge being the bulkhead weep hole located between the newly installed 150-ton travel lift piers, as 

shown on Figure 3.  

 

4.1.2 TOPOGRAPHY AND BATHYMETRY 

The upland portion of the Site is relatively flat with a surface elevation ranging between 14 ft to 

15 ft MLLW.  Because of the limited topographic relief, a Site topographic map was not prepared for this 

report.  
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The post-interim action bathymetry for the Site is shown on Figure 12.  A depression exists 

within the dredge prism where contaminated marine sediment was removed. However, clean granular 

backfill was placed in the western portion of the dredge prism where post-dredge bottom elevations were 

below -13 ft MLLW.  The area over which at least 0.5 ft of cleanup backfill was placed within the dredge 

prism is shown on Figure 12. 

Squalicum Harbor was originally dredged in 1958 to elevation -13 ft MLLW, based on an 

authorized dredge depth of -12 ft MLLW and a 1 ft allowable over-dredge.  Subsequent dredging has not 

been conducted in the harbor except for the 2003-2004 marine sediment interim action, which only 

addressed the Site.  Based on a 2007 condition survey conducted by the Port for its Gate 3 project (Reid 

Middleton 2007), mud line elevations in the Site vicinity are generally -10 ft MLLW, with elevations as 

shallow as -8 ft MLLW in the vicinity of the north harbor entrance adjacent to Squalicum Channel.  

Based on the increase in mud line elevation from -13 ft MLLW in 1958 to -10 ft MLLW in 2007, there 

has been a 3 ft (91 cm) accumulation of sediment in the Site vicinity over the 49 years between 1958 and 

the 2007 bathymetric survey.  This represents an average accumulation rate of about 1.9 cm/yr in the Site 

vicinity.  Harbor-wide, sedimentation rates are anticipated to be similar to historical rates, except that 

sedimentation rates within the Site’s marine sediment interim action dredging footprint will likely be 

greater until the depression resulting from dredging for the interim action is filled to the mud line 

elevation of the adjacent sediment surface.  

 

4.1.3 SEA LEVEL RISE 

Several studies have been conducted to predict sea level rise in the Pacific Northwest due to 

climate change (global warming).  The results of these studies have been summarized in the Port’s draft 

environmental impact statement (DEIS) for the Port’s New Whatcom Redevelopment Project (Blumen 

2008) which is located immediately south of the Site on Bellingham Bay.  According to the DEIS, a 

January 2006 study issued by Ecology and the Department of Community, Trade, and Economic 

Development (CTED) estimates that sea level rise in the Puget Sound Basin may range between 6 and 

50 inches, with a medium estimate of 13 inches by 2100.  To analyze impacts of the New Whatcom 

Redevelopment Project on the environment, the DEIS is using a sea level rise of 2.4 ft by 2100.  

Forecasted sea level rise is not expected to impact this cleanup.  The land surface elevation of the Site is 

approximately 14 to 15 ft MLLW and the height of the new steel bulkhead is approximately 15 ft MLLW.   

 

4.1.4 SURFACE COVER 

The Site upland is almost entirely covered by low permeability surfaces consisting of either 

asphaltic pavement or buildings with slab foundations.  The paved areas are in generally good condition 
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and have been replaced/repaired as needed, including the recent stormwater drainage and treatment 

upgrades discussed in Section 4.1.5.  Cracked and areas of damaged pavement along the shoreline were 

repaired at the start of the current tenant’s occupancy in 2004.  Aside from a grassy bioswale at the 

southwest corner and the vegetative are at the northwest corner, the only unpaved areas of the Site are the 

North Work Yard area to the west of Building 1 and the eastern edge of the Dry Storage Yard, as shown 

on Figure 3. 

 

4.1.5 STORMWATER MANAGEMENT 

Stormwater has a significant potential to convey and release contaminants to the subsurface.  

Contaminants in stormwater can move to groundwater, or be discharged in dissolved or particulate form 

to surface water or other downstream receptors.  Based on the nature of boat maintenance wastes 

associated with historical Site operations, the primary contaminant release mechanism for Site stormwater 

is discharge of both soluble and particulate contaminants to surface water.   

Historically, the former tenant applied poor housekeeping and limited stormwater treatment and 

management practices, which resulted in the release of contamination to Site surface water and marine 

sediment.  The distribution of pre-interim action Site marine sediment contamination, as shown on 

Figures 6 and 7, indicate that stormwater and/or pressure wash water, as well as direct release of boat 

maintenance wastes in the vicinity of the former marine railway and 30-ton travel lift, were the primary 

sources of Site marine sediment contamination.  The impacts marine sediment that resulted from these 

releases were addressed by the marine sediment interim action, which is discussed in Section 3.4. 

The Site improvements made in conjunction with redevelopment for the Port’s new tenant, 

Seaview Boatyard North, included significant improvements to the Site stormwater system including 

recent upgrades to infrastructure and stormwater treatment.  The evaluation of Site stormwater 

management conducted during the RI focused on current Site conditions because historical impacts 

resulting from poor stormwater management were remedied by the marine sediment interim action.  

Additionally, stormwater infrastructure and management practices were significantly modified as part of 

Site redevelopment and current tenant management, both minimizing the potential for stormwater to be a 

future source of contaminant releases to the environment.   

 

4.1.5.1 Stormwater Management Improvements and Current Management  

The current tenant, Seaview Boatyard North, has improved Site stormwater management and 

treatment practices since its tenancy started in 2004.  Stormwater improvements that have been 

constructed since the start of Seaview Boatyard North’s tenancy included: 
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 Construction of a closed-loop boatyard pressure wash water treatment system in the 

vicinity of the 30-ton travel lifts (2004). The closed-loop treatment system supports 

management and treatment of stormwater and wash water volumes at the western edge of 

the Site. 

 Installation of a bioswale, to treat Site stormwater runoff from the South Work Yard 

outside the area managed by the close-loop boatyard pressure wash facility.  The 

bioswale is located at the southwest corner of the Site.  The bioswale consists of a dual-

compartment engineered swale planted with native grasses and vegetation.  The 

stormwater volumes treated by the swale ultimately either infiltrates into the subsurface 

or discharges at Outfall D (see Figure 3).  The vegetation in the swale is replaced, as 

needed, but yearly at a minimum. 

 Re-pavement of areas of cracked and distressed pavement near the bulkhead. 

 Stormwater diversion features to ensure that pressure wash water is captured within the 

closed-loop treatment system that supports the western end of the Site. 

In July 2010, the Port and the Seaview Boatyard North conducted a dye test of the Site’s 

stormwater system in association with Seaview Boatyard North’s boatyard general permit.  The results of 

the dye test, and the actions taken by Seaview Boatyard North and the Port in response to the dye test 

results, were documented in a technical memorandum to Ecology dated November 9, 2010 (Landau 

Associates 2010).  Based upon the result of the 2010 dye test, it was determined that Catch Basin No. 1 

(located east of Building 2), discharged at that time via Squalicum Way to Outfall C located in the 

northeast corner of bulkhead, and that not all stormwater was being captured by the boatyard’s existing 

close-looped treatment system.  In addition, the dye test determined that Catch Basin No. 2 was 

discharging to the south of the Site, into the larger stormwater network supporting the paved parking lot 

areas adjacent to the Yacht Club.  

This information resulted in a number of changes to the management and treatment of Site 

stormwater, including upgrades to the Site’s grading and drainage infrastructure and its stormwater 

treatment system.  The changes implemented in response to the results of the dye test included: 

 An additional stormwater treatment system that utilizes Aquip
®
 enhanced stormwater 

filtration system technology to treat stormwater was installed to manage stormwater 

flows originating in the northeast, east, and central portions of the Site (this system is 

discussed in further detail in Section 4.1.5.2. 

 Stormwater infrastructure associated with Catch Basin Nos. 1 and 2 was rerouted to 

direct stormwater into the newly-installed Aquip
®
 enhanced stormwater filtration system 

in 2012 (see Section 4.1.5.2). 

Figure 3 presents the location of each treatment system and the approximate stormwater flow 

drainage break at the Site. 

Site stormwater discharge associated with current boatyard activities is regulated by Ecology 

under the National Pollutant Discharge Elimination System (NPDES).  Seaview Boatyard North is 

covered under the Ecology boatyard general permit, which requires the implementation of best 
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management practices (BMPs) and periodic water quality monitoring of stormwater discharges for oil and 

grease, copper, zinc, nitrite, nitrate, biological oxygen demand (BOD), and total suspended solids.  Tenant 

boatyard operations are conducted both indoors and outdoors.  Outdoor activities can include engine, 

shaft, and rudder related repairs; hull repair, welding, and grinding; and buffing and waxing; all of these 

outdoor operations are conducted on tarped areas and within containment tents, as appropriate to the 

activity.  After upgrades to stormwater infrastructure and treatment at the Site, Seaview Boatyard North 

currently operates in compliance with this permit and stormwater associated with current boatyard 

activities is not considered a potential source of contamination to surface water. 

 

4.1.5.2 Catch Basins, Site Drainage, and Stormwater Treatment 

Two functioning stormwater catch basins exist on the Site, Catch Basins Nos. 1 and 2.  The catch 

basins are located east of Building 2 (Catch Basin No. 1), and east of Building 3 (Catch Basin No. 2), as 

shown on Figure 3.  Catch Basin No. 1 is approximately five ft deep with a concrete bottom constructed 

with an approximate four-inch sediment trap.  Catch Basin No. 2 was originally constructed of a concrete 

cistern approximately three ft deep with an open bottom, but was replaced with a closed bottom Type II 

catch basin in the fall of 2002.  A third catch basin located south of Building 3 (Catch Basin No. 3 shown 

on Figure 3) was determined to no longer function during the 2010 dye test (Landau Associates 2010).   

The two functioning catch basins collect stormwater from areas in the eastern and central portions 

of the Site that are removed from primary boatyard maintenance activities.  Activities in this area include 

engine, prop, shaft, and rudder repair; hull welding, repair, joinery, and grinding; and buffing and waxing.  

Although do-it-yourself boat maintenance is conducted by boat owners in the areas serviced by these 

catch basins, the current tenant (Seaview Boatyard North) requires that users comply with applicable 

boatyard BMPs to minimize releases from these activities.  This entire area of activity is currently 

supported by the tenant’s Aquip
®
 stormwater treatment system. 

The catch basins were cleaned out in 2001 and 2010 as discussed in Section 2.2.2.  Catch Basin 

Nos. 1 and 2 currently discharge into the Site’s Aquip
®
 stormwater treatment system located at the 

northeast corner of Building 1, as presented on Figure 3.  Stormwater on the paved area at the eastern end 

of the Site (i.e., Dry Storage Yard) flows northward via sheet flow into a below-grade piping network and 

is subsequently conveyed to the Site’s Aquip
®
 stormwater treatment system prior to discharge via 

Squalicum Way infrastructure at Outfall C.  The easternmost portion of the Dry Storage Yard is unpaved 

(gravel); stormwater volumes in this area are managed via infiltration (see Figure 3). 

The Site’s stormwater treatment system uses a combination of high quality sorptive and inert 

filtration including media layers comprising granular calcium-, aluminum/iron-, and organic-based 

materials.  The system utilizes Aquip® enhanced stormwater filtration system technology specifically 
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configured for boatyards and other facilities where dissolved metals are of primary concern 

(StormwateRx 2012).  The Engineering Evaluation prepared for the Aquip
®
 stormwater treatment system 

was approved by Ecology in June 2012 (Ecology 2012).  Boatyard general permit benchmark violations 

were reported in late 2011 and early 2012 sampling rounds for copper and zinc, with maximum 

concentrations of 160 µg/L and 1,100 µg/L, respectively.  However, quarterly sampling results for 

samples collected after Site infrastructure and stormwater treatment improvements were implemented in 

mid 2012 have been below benchmark standards. 

Stormwater drainage on the paved western extent of the Site sheet flows into the bioswale at the 

southwest corner of the Site or is intercepted and processed by the closed-loop boatyard wash water 

treatment system located adjacent to the 30-ton travel lift pier.  Boat pressure washing is conducted within 

this bermed, closed-loop system area to capture and treat pressure wash water.  The North Work Yard, 

located west of Building 1, is unpaved (i.e., gravel) and stormwater predominately infiltrates in this area.  

The surface of the North Work Yard is sloped to the south, so during heavier precipitation stormwater 

from this area can sheet flow to the south where it is collected and treated either by the closed-loop 

boatyard wash water treatment system or the bioswale.  Localized stormwater volumes in the North Work 

Yard can drain westward into the grass and vegetated strip along the bulkhead, but this discharge pathway 

occurs rarely and only under severe weather conditions. 

 

4.1.5.3 Best Management Practices 

The current tenant at the Site applies various mandatory boatyard BMPs, as outlined in the 

boatyard general permit, in addition to general good housekeeping practices during the course of 

managing daily operations.  Use of vacuum sanders is mandated for all employees and customers of 

Seaview Boatyard North; customers must sign agreement to comply with this requirement and all other 

BMP requirements initiated at the Site.  In addition to use of vacuum sanders, use of containment tents, 

ground tarps, and standard cleaning regimens are required to minimize any potential contaminated runoff.  

In-water boat work is prohibited, with the exception of cleaning of the boat interiors.   

Any particles, grits, dusts, flakes, and/or chips are collected regularly and properly disposed 

through the proper waste stream, including support from offsite waste disposal management companies.  

All painting activities are conducted indoors (with the exception of bottom painting which is conducted 

using ground tarps and containment trays).  Materials that have the potential to pollute stormwater flows 

(e.g., oil and bilge water, paints, etc.) are stored indoors within secondary containment and spent 

materials are removed by a licensed transporter, as necessary.  The wash pad is pressure washed daily and 

any water volume is contained and treated within the closed-loop boatyard wash water treatment system.   
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Any potential sewage volumes brought onto the Site in boats requiring maintenance are properly 

disposed by a mobile off-site contractor; however, the occurrence of vessel sewage management is rare.  

Gray water in boats brought to the Site is treated through the Site’s closed-loop boatyard wash water 

treatment system.  A toilet and washroom facility, located in the northwest corner of Building No. 1, was 

formerly used at the Site.  The facility was connected to the City’s sanitary sewer system via the sewer 

main line beneath Squalicum Way.  The facility has not been used in at least 20 years; however, the 

original plumbing remains-in-place (Riise 2014).   

Meetings by the tenant’s staff are held regularly to review BMP implementation, management, 

and monitoring requirements/procedures.  BMP features are monitored regularly, based on the particular 

BMP, and staff is trained on BMP management and spill prevention on a yearly basis.  In addition, 

inspections of the yard are performed daily, pavement is swept on a weekly basis, filter socks are replaced 

and catch basin sediment is removed and properly disposed, as needed.  Filter sock replacement and catch 

basin sediment removal is dependent on the season and the presence of accumulated sediment volumes 

but occurs quarterly on average (Seaview North Boatyard 2012).   

 

4.1.5.4 Outfalls  

Six outfalls were present on the Site prior to the marine sediment interim action at the locations 

shown on Figure 2.  For the purposes of this report, these outfalls have been given letter designations A, 

B, C, D, E and F, as shown on Figure 2.  The status (active or inactive) and discharge sources to the 

outfalls were evaluated by the Port during the marine sediment interim action.  Outfalls identified as E 

and F on Figure 2, were determined to be inactive and were abandoned in place prior to construction of 

the new bulkhead.  Outfall C was extended through the new bulkhead and discharges stormwater from 

neighboring Squalicum Way and the Site’s upgradient Aquip
®
 stormwater treatment system.  Outfalls A 

and B discharge stormwater from paved areas between buildings on Bellingham Cold Storage property to 

the north of the Site.  The outfall at the southwest corner of the Site (Outfall D on Figure 3) discharges 

stormwater from the bioswale that collects and treats stormwater in the South Yard, as discussed in the 

previous section.  

Only two outfalls, identified as outfalls C and D on Figure 3, discharge Site-related stormwater.  

Required quarterly monitoring is conducted at the outfall pipe from the bioswale (i.e., Outfall D) and 

from the outfall pipe of the Aquip® treatment system prior to discharge into the stormwater network 

serving Squalicum Way.  As described above, two inactive outfalls (i.e., Outfalls E and F) were 

abandoned in place during the marine sediment interim action and currently four stormwater outfalls 

actively discharge in the vicinity of the Site, as presented on Figure 3.  Previous sediment investigations 

at the Site, prior to the sediment interim action, did identify minor sediment quality impacts in the vicinity 
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of these now former outfalls; however, the contaminant distribution did not indicate that these outfalls 

(including currently active Outfall C) were the primary sources of contamination in this area.   

 

4.1.5.5 Stormwater Recontamination Considerations 

Current stormwater dynamics and management at the Site are not considered a potential source of 

surface water and/or sediment contamination for various reasons, including but not limited to the 

following considerations: 

 Effective stormwater infrastructure upgrades and treatment system management at the 

Site, as indicated by current compliance with required discharge benchmarks since 

completion of the upgrades, 

 Recent and multiple cleaning of catch basin sediment and stormwater conveyance 

infrastructure, 

 Catch basin sediment and the stormwater conveyance system are required to be inspected 

and cleaned per NPDES Permit requirements.  The catch basins and stormwater 

infrastructure are inspected daily and their current condition is recorded on the inspection 

forms.  Filter socks are replaced and catch basin sediment removed and properly disposed 

as needed when sediment volumes are identified.  Although sediment accumulation 

varies seasonally, on average filter socks are replaced and sediment is properly disposed 

on a quarterly frequency (Seaview Boatyard North 2012). 

 The removal of accumulated catchment basin sediment from previous Site activities, and 

 Effective implementation and management of boatyard BMPs, including tarping and 

containment of outdoor activities and use/management of the closed-loop pressure wash 

water treatment system. 

In addition, the Site’s tenant is currently completing the permitting process for the planned 

demolition and removal of the three 1940s-era buildings located at the Site.  Although the building’s roofs 

are currently coated to limit potential impact to stormwater runoff from metals contaminants (i.e., zinc), 

removal of the buildings is anticipated to improve overall Site stormwater quality.  

 

4.1.6 UTILITIES 

Subsurface utilities have the potential to affect contaminant migration.  Coarse backfill is often 

used for bedding and in subsurface utilities and can create preferred pathways for groundwater migration.  

However, Site groundwater is 7 to 10 ft BGS, which is deeper than typical utilities, except for some 

utilities that convey water by gravity flow, such as sanitary and stormwater systems.  However, at this 

Site the stormwater systems are completed at elevations higher than groundwater and not considered 

potential preferred pathways for groundwater migration.   
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A number of utilities are present in Squalicum Way off site to the north, including sanitary sewer 

and local stormwater conveyance systems.  The depth of these systems is not known, but given that the 

Site is near the upgradient terminus of any gravity flow utilities it is unlikely that they extend to 

significant depth.   

Building No. 1 contains a toilet and washroom facility that was historically used at the Site.  The 

facility is connected into the sanitary sewer network beneath Squalicum Way.  The facility has not been 

used in at least 20 years but the subsurface piping remains-in-place.  Currently, active sanitary sewer 

facilities are within the main administrative and storefront building operated by Seaview North, located 

off Site to the south of the Dry Storage Yard.  Connections to domestic water were also formerly 

available within Building Nos. 1 through 3; however, these utilities were disconnected at least 20 years 

ago and have not been used since the current tenant’s occupancy (Riise 2014).   

 

4.2 GEOLOGY 

General geologic information for the project Site was obtained from the Geologic Map of Western 

Whatcom County, Washington (USGS 1976) and from Site soil borings.  The two geologic units observed 

on the Site, from youngest to oldest, are fill and glacial marine drift.  The upland portion of the Site was 

created by filling marine aquatic land with dredge material and other fill in the 1920s through the early 

1950s.  

The fill material consists of an upper mixed fill unit up to about 14 ft BGS underlain by dredged 

fill.  The upper mixed fill consists of gray-brown to brown, gravelly, fine to coarse sand with varying 

amounts of shiny, black, angular sand to gravel-sized apparent coal fragments, as well as fragments of 

wood and brick.  In some areas, such as the vicinity of the former gasoline UST, lenses consisting entirely 

of coarse sand to gravel-sized coal material are present that function as high permeability zones when in 

contact with groundwater.  One of these lenses of coarse coal material is present at and below the water 

table to the south of the former gasoline UST and appears to have affected the distribution of gasoline-

range petroleum hydrocarbon contamination in this area, as discussed in Section 6.2.1.1.  The estimated 

aerial extent of the apparent coal lens in the former UST vicinity is shown on Figure 4. 

Coal is ubiquitous and was historically mined in the Bellingham area.  Coal is compressed 

organic matter, and while the combustion residues of coal can contain PAHs and other hazardous 

substances, coal itself does not contain constituents of environmental concern.  The observed coal lenses 

at the Site varied in thickness from two inches to about four feet in Site explorations, and exhibited 

angular, shiny surfaces characteristic of fractured coal. 

The underlying dredge fill is more uniform in composition than the mixed fill and generally 

consists of loose, brown to gray fine to coarse sand with gravel and organic stringers, and was 
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encountered to depths of between about 18 and 25 ft BGS in the limited number of borings that have been 

extended to the base of the fill unit. 

The native soil underlying the dredge fill encountered in the borings that extended through the fill 

unit consists of a gray-green medium stiff to very stiff silty clay to sandy silt, interpreted to be glacial 

marine drift.  Glacial marine drift was deposited as rising sea levels floated and melted Pleistocene glacial 

ice (Stasney 1997).  The upper surface of the glacial marine drift dips downward from east to west.   

An east-west geologic cross section is presented on Figure 13, and the cross section alignment is 

shown on Figure 4.  

 

4.3 HYDROGEOLOGY 

Based on available boring and groundwater data, the uppermost hydrostratigraphic unit at the Site 

consists of the fill unit that overlies the finer-grained glacial marine drift.  The underlying glacial marine 

drift deposit forms the uppermost aquitard throughout the Site.  Hydrogeologic properties for the 

uppermost hydrogeologic unit are discussed in the following sections. 

  

4.3.1 SATURATED THICKNESS, FLOW DIRECTION, AND TIDAL INFLUENCE 

Groundwater elevation data collected during the remedial assessment and RI are presented in 

Table 4.  The depth to groundwater ranged from approximately 6 to 10 ft BGS based on these data, and is 

shallower during the wet season than the dry season.  The saturated thickness of the uppermost 

hydrostratigraphic unit increases from the eastern edge of the Site toward Bellingham Bay, but is 

generally about 17 ft thick within 350 ft of the shoreline, based on available geologic data and water level 

measurements. 

Tidal influence on groundwater was evaluated based on three days of semi-continuous data 

collected from Bellingham Bay, MW-1, MW-3, and MW-6 between June 24 and 28, 2002 using an 

electronic data logger.  Data for this monitoring period are shown on Figure 14.  Groundwater elevation 

changes of up to 2.9 ft, 1.1 ft, and 0.4 ft, corresponding with tidal fluctuations were observed in 

monitoring wells MW-3, MW-6, and MW-1, respectively.  These data also indicate groundwater gradient 

reversals extending to the vicinity of MW-1 during high tide.  Based on these data, it is estimated that 

tidal influence does not extend significantly farther inland from the shoreline than MW-1, or about 260 ft, 

which is consistent with tidal influences observed in other unconfined aquifers adjacent to Puget Sound. 

The direction of groundwater flow and gradient was estimated based on water levels measured 

from a surveyed reference point at each well using a hand-held water level indicator and converting these 

data to elevations.  Groundwater levels measured at low tide in July 2002 and December 2006 were 

contoured to show groundwater flow direction and gradient during dry and wet season conditions and are 
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presented on Figures 15 and 16.  As shown on these figures, groundwater flow is to the west-southwest at 

low tide during both the dry and wet seasons.  Groundwater flow measured in December 2006 during 

high tide is shown on Figure 17, and illustrates the extent of gradient reversal during high tide.    

Figure 18 presents a hydrograph of groundwater elevations measured at low tide in 2002 prior to 

installation of the steel sheetpile bulkhead and in 2004 and 2006 following installation of the sheetpile 

bulkhead.  As shown on this figure, groundwater levels at all of the wells increased following installation 

of the bulkhead, but the direction of groundwater flow and relative response of the wells did not change 

significantly.  This change is consistent with the less permeable nature of the new bulkhead. 

 

4.3.2 HYDRAULIC CONDUCTIVITY 

Hydraulic conductivity of the uppermost hydrostratigraphic unit was estimated using a technique 

for estimating transmissivity in tidally influenced aquifers from the following equation (Ferris 1951): 

 T =  (x
2
 S t0)/(4 п t1

2
) 

where: 

T   =  transmissivity (L
2
/t) 

S   =  storativity (dimensionless) 

x   =  distance from well to subaqueous outcrop (L) 

t0   =  time between tidal maxima or minima in Bellingham Bay (t) 

t1   =  time lag between the occurrence of the maxima or minima in Bellingham Bay and in 

the monitoring well (t). 

 

Data for this evaluation were obtained by using the electronic data collected during the remedial 

assessment for MW-3, MW-6, and Squalicum Harbor, as presented on Figure 14.  The time (t0) between 

tidal maximum and minimum in Bellingham Bay was computed based on water elevation data from 

June 24 through 28, 2002, as presented in Table 5.  The time lag (t1), or difference, between the maxima 

or minima of a cyclical tidal fluctuation from Squalicum Harbor to MW-3 and MW-6 was also computed 

based on the data logger record for this same time period and is listed in Table 5.  The time lag for tidal 

minimum was used for estimating t1 because it was more consistent than the lag time for tidal maximum.  

The distance from MW-3 and MW-6 to Squalicum Harbor adjacent to the Site is about 29 and 90 ft, 

respectively.  Aquifer storativity/specific yield was assumed to be 0.10.  Based on the borehole drilling 

information and groundwater levels in this area, the aquifer saturated thickness (b) is estimated to be 

17 ft. 

Based on the data and assumptions described above, the transmissivity (T) is estimated to be 

about 3,400 ft
2
/day based on the average of the estimated input parameters for monitoring wells MW-3 

and MW-6, as follows: 
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t0   =  24.7 hr 

t1   =  2.25 hr 

x   =  60 ft 

T = [(60ft)
2
(0.10)(24.7 hr)]/[( 4 п)(2.25 hr)

2
] = 140 ft

2
/hr = 3,400 ft

2
/day 

 

The hydraulic conductivity (K), based on the relationship K = T/b, is estimated to be about 

200 ft/day (7.0x10
-2

 cm/s).   

Grain size data collected during the Phase III ESA were also used to estimate hydraulic 

conductivity of shallow saturated fill based on the Hazen Method (Fetter 1994).  The estimated hydraulic 

conductivity values for the four samples ranged from about 10 ft/day to 250 ft/day, which is consistent 

with the hydraulic conductivity estimated using the Ferris method.  As a result, a hydraulic conductivity 

of 200 ft/day will be used for the uppermost hydrostratigraphic unit for the purposes of this RI/FS. 

 

4.3.3 GROUNDWATER VELOCITY AND FLOW 

Groundwater average linear velocity (v) is estimated from the equation: 

v = Ki/n 

where: 

K  =  hydraulic conductivity (L/t) 

i  =  hydraulic gradient (dimensionless) 

n  =  effective porosity (dimensionless). 

The groundwater hydraulic gradient for the Site was calculated using a three-point method 

incorporating information from monitoring wells MW-5, MW-7 and MW-9.  An equipotential line 

(dashed) is estimated with an equivalent hydraulic head as that at MW-5, as presented on Figures 15 and 

16.  The equipotential line intersects the line between MW-7 and MW-9 at a point equal in hydraulic head 

to that at MW-5, based on a linear interpolation.  Hydraulic gradient is then calculated as the dividend of 

the difference in hydraulic head between the equipotential line and MW-7 divided by the lateral distance 

between the equipotential line and MW-7. 

The current hydraulic gradient for the Site is estimated to be about 0.0030 based on the 

groundwater elevation data for monitoring wells MW-5, MW-7, and MW-9 presented on Figure 16.  The 

hydraulic gradient prior to installation of the galvanized bulkhead was estimated to be 0.0054 based on 

the elevation data for monitoring wells MW-5, MW-7, and MW-9 presented on Figure 15.  These data 

indicate that the hydraulic gradient following the installation of the new bulkhead is flatter than the 

hydraulic gradient prior to bulkhead replacement.  Based on the estimated hydraulic conductivity of 200 
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ft/day and an assumed effective porosity of 0.30, the estimated average linear velocity is about 2.0 ft/day 

(730 ft/yr) based on the estimated hydraulic gradient for current conditions (0.0030). 

 

Based on Darcy’s Law, groundwater flow is estimated by the equation: 

Q = KiA 

where: 

Q  =  Groundwater flow (L
3
/t) 

A  =  Cross sectional area perpendicular to flow (L
2
). 

Based on an estimated width of the Site perpendicular to groundwater flow of 250 ft, an estimated 

saturated thickness of 17 ft, and the previous estimates for hydraulic conductivity and gradient, the 

estimated groundwater flow from the Site to Bellingham Bay is about 2,600 ft
3
/day (13 gpm). 

 

4.4 NATURAL RESOURCES 

This section summarizes information on natural resources at the Site and for Bellingham Bay.  

Included is a discussion of the types and functions of habitats, and plants and animal species.  Because it 

has been used for commercial and industrial purposes since its creation, there is limited natural resources 

value and function to Site uplands and the discussion primarily focuses on marine natural resources. 

 

4.4.1 TYPES AND FUNCTIONS OF HABITATS 

4.4.1.1 Upland Habitat 

The upland portion of the Site was created by filling and has been used for heavy commercial and 

industrial purposes since its creation, and consequently has no substantive natural resource value.  Except 

for grass and small shrubs located within the bioswale at the southwest corner and a vegetative strip at the 

northwest corner of the Site, the upland portion of the Site is devoid of vegetation.   

 

4.4.1.2 Marine Habitat 

The marine portion of the Site (Marine Unit) is dominated by numerous marine structures, 

including a bulkhead along its entire shoreline and two sets of travel lift piers, as shown on Figure 3.  The 

Marine Unit is defined by the extent of pre-interim action marine sediment contamination, as shown on 

Figures 6 and 7.  It consists of about 0.6 acres, including almost no intertidal habitat (elevation 0 to 10 ft 

MLLW), about 0.1 acre shallow subtidal habitat (elevation -4 to 0 ft MLLW), and about 0.5 acres of deep 

subtidal habitat (below elevation -10 ft MLLW).   

An intertidal habitat survey was conducted in 2002 as part of the biological evaluation for the Site 

redevelopment and marine sediment interim action (Landau Associates 2002).  The habitat survey found 
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that live animals and plants were scarce, with low abundance and diversity.  It was concluded that the low 

productivity of Site intertidal habitat was the result of a number of factors, including significant shading 

resulting from the bulkhead and over-water structures, the coarse nature of the substrate, the extensive 

creosote-treated wood present in in-water structures, and the presence of marine sediment contamination.   

The removal of contaminated marine sediment and creosote-treated wood from the aquatic 

environment during Site redevelopment has improved the aquatic environment and should promote 

greater abundance and diversity of aquatic organisms, although Site aquatic natural resources will remain 

of limited value due to physical conditions present in the marine portion of the Site.   

Due to the limited potential for improvement of the Site marine resources, habitat mitigation and 

enhancement associated with marine sediment dredging and related Site improvements was conducted 

off-Site, by construction of the marine habitat bench described in Section 3.4.1.  The marine habitat bench 

provides improved habitat for benthic and epibenthic biota, as well as juvenile salmonids and other fish 

species, by significantly increasing the amount of shallow subtidal habitat.  Oversight of the habitat bench 

performance is being provided by the USACE and resource services consistent with the conditions 

associated with the in-water permits issued for the marine sediment interim action and concurrent 

redevelopment activities.  Although the marine resources associated with the marine habitat bench are not 

present on the Site, they are a direct result of Site actions and should be considered when evaluating Site 

marine resources. 

 

4.4.2 PLANT AND ANIMAL SPECIES 

As documented in the Whatcom Waterway Site RI/FS and the FEIS (Port of Bellingham 2010), 

the Bellingham Bay area is utilized by a wide range of plant and animal species.  The significant plant and 

animal species are summarized below. 

 

4.4.2.1 Plants 

As previously mentioned the Site is devoid of vegetation except for grasses and small shrubbery 

that are present in the bioswale and in the vegetative strip located in the southwest and northwest corners 

of the Site, respectively. 

 

4.4.2.2 Terrestrial Wildlife 

Wildlife that may be present is on the Site and in the vicinity is limited to those species typically 

observed in the City of Bellingham urban environment, including various songbirds, gulls, crows, ravens, 

and possibly raccoon (Procyon lotor) and opossum (Didelphis virginiana).  
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4.4.2.3 Aquatic Wildlife 

As previously mentioned, a habitat survey found that aquatic life at the Site was scarce; therefore, 

aquatic life is discussed in broader terms for all of Bellingham Bay. 

 

Fisheries and Invertebrate Resources 

As reported in the Whatcom Waterway RI/FS, documented fisheries resources for Bellingham 

Bay include the following: 

 Surf Smelt and Sand Lance: Surf smelt and Pacific sand lance are common fish that spawn 

in the high intertidal portions of coarse sand and gravel beaches.  Surveys by Washington 

Department of Fish and Wildlife have documented spawning beaches in Bellingham Bay.   

 Pacific Herring: Pacific herring spawn in inland marine waters of Puget Sound between 

January and June in specific locations.  There is typically a two-month peak within the 

overall spawning season.  Herring, which deposit their eggs on marine vegetation such as 

eelgrass and algae in the shallow subtidal and intertidal zones between one foot above and 

five ft below MLLW, are known to congregate in the deeper water of Bellingham Bay.  

However, only relatively low-density spawning deposition occurs in the Bay. 

 Salmonids: Bellingham Bay is used extensively by anadromous salmon species.  Each of the 

streams flowing into Bellingham Bay is used by one or more of the following species: Coho, 

chum, Chinook, pink, sockeye, steelhead, cutthroat, and bull trout.  The Nooksack River has 

the largest salmon runs in Bellingham Bay, followed by Squalicum and Whatcom creeks.  

Concentrations of chum, Coho, and Chinook salmon along the shoreline and in offshore 

waters in Bellingham Bay peak annually about mid-May.  Juvenile Coho and Chinook 

salmon appear to have different migration habits.  Coho remain in the bay for approximately 

30 to 35 days, while Chinooks remain about 20 days.  More recent studies on the distribution 

of Chinook salmon (Ballinger and Vanderhorst 1995) indicate relatively high numbers of 

juvenile Chinook salmon and average numbers of Coho salmon use the area in the vicinity of 

the Whatcom Waterway. 

 Groundfish: Several species of groundfish occur in both shallow and deep waters in 

Bellingham Bay for part or all of their life.  Detailed information on groundfish species and 

their timing and use of Bellingham Bay is not available.  Key characteristics of groundfish 

occurring in northern Puget Sound are generally applicable to Bellingham Bay. 

Bellingham Bay supports a variety of marine invertebrates, ranging from infauna (worms, clams, 

and small ghost shrimp that penetrate benthic sediments) to epibenthic plankters (organisms such as very 

small crustaceans that move off the substrate surface) to larger invertebrates such as oysters, crabs, and 

shrimp. 

 Clams, Geoduck and Oysters: The predominant bivalves in Bellingham Bay are intertidal 

and subtidal hard-shell clams.  Intertidal shell clam types include butter, littleneck, horse, and 

soft-shell clams and cockles.  Subtidal clam resources consist of butter, littleneck, and horse 

clams.  Native oyster and Pacific geoduck are also known to occur in Bellingham Bay.  

Shellfish densities are relatively low along the eastern shore of Bellingham Bay.  Geoduck is 

only present in a handful of locations in the Bay. 

 Shrimp: Seven species of pandalid shrimp, including, pink, coonstripe, dock, and spot 

shrimp, occur in nearshore and deeper waters of Bellingham Bay.  Coonstripe shrimp have 
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been observed in intertidal areas immediately offshore of the Site, and this species is common 

around piers and floats. 

 Crab: Crab trawls conducted for the PSDDA investigations indicate that the predominate 

crab resources in Bellingham Bay are the non-edible purple or graceful crab, the edible red 

rock crab, and the edible Dungeness crab.  The highest densities of rock crab occur in 

relatively shallow water (30 to 45 ft below MLLW) in areas extending from the Lummi 

Peninsula to inner Bellingham Bay.  Rock and Dungeness crab are likely to occur in 

shallower waters of Bellingham Bay not sampled as part of the PSDDA investigations.  

Dungeness crab is generally abundant in most areas of Bellingham Bay.  The northern and 

eastern shorelines of Bellingham Bay serve as nursery/rearing areas for juvenile Dungeness 

crab.  A shell substrate is a preferred habitat for the first eight to ten weeks after larvae settle.  

However, other substrates, such as small cobbles and gravel, algae, and eelgrass, are also 

recognized as important rearing habitat for juvenile crab. 

 

Sea Birds and Marine Mammals 

The greater Bellingham Bay area and its shallow estuarine habitats support a number of birds in 

all seasons.  Although Bellingham Bay is not used extensively by large populations of waterfowl, 

wintering populations tend to be 10 to 15 times larger than summer populations for migratory species.  

Bellingham Bay is located on the flight path between the Fraser River estuary and Skagit Bay, and is used 

as a stopover for seabirds and waterfowl migrating between these two areas.  Waterfowl sited in 

Bellingham Bay include brant, snow geese, mallard, widgeon, green-winged teal, and pintail.  Bellingham 

Bay is also used as an over-wintering area for diving birds such as scoter and golden eye.  A variety of 

both natural and man-made habitats provide protection from winter storms habitat to migrant and 

wintering birds.  Glaucous-winged gulls use inner Bellingham Bay for resting and foraging.  Pigeon 

guillemonts use the shoreline area in and around the Whatcom Waterway for nesting and foraging. 

Limited information is available on the presence and residence time of marine mammals in 

Bellingham Bay.  Bay-wide, several species have been reported: the harbor seal, sea lions, Orca whale, 

gray whale, and harbor porpoise.  As described below, the local population of Orca whale is being listed 

as endangered under the Endangered Species Act.  The other marine mammals are not threatened or 

endangered species under the Endangered Species Act, but they are protected from hunting under the 

Marine Mammal Protection Act.  Seals and sea lions have been noted using the Site shoreline for resting 

areas.  Migrating gray whales have been noted to enter Bellingham Bay and to feed in subtidal areas of 

Puget Sound.  Orca whales are occasionally observed in and near Bellingham Bay, though they are more 

typically observed in Rosario Strait and near the San Juan Islands. 

 

Threatened, Endangered, Sensitive, and Candidate Species 

Under the Endangered Species Act, a species likely to become extinct is categorized as 

“endangered.”  A species likely to become endangered within the foreseeable future is categorized as 
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“threatened.”  This section provides information on the occurrence of threatened and endangered bird, 

fish, and marine mammal species in Bellingham Bay. 

 Bald Eagle: The majority of bald eagle nest sites occur in the eastern portion of Bellingham 

Bay, primarily in the Nooksack River delta along the shoreline and in inland areas of the 

Lummi Peninsula.  There are also some nests along the shoreline of Portage Island and 

Chuckanut Bay.  Nest trees in the Pacific Northwest are typically tall conifers located in 

forested or semi-forested areas within about 1 mile of large bodies of water with adequate 

food supplies.  Marine and freshwater fish are eagles’ preferred prey; birds contribute a 

smaller proportion of the eagle diet.  Prey may also include small mammals.  Nesting eagles 

generally forage within ten square miles of their nest site.  Thus, while the Site does not 

appear to provide eagle habitat, it may serve as a food source.  The bald eagle was proposed 

for delisting as of July 6, 1999 due to apparent recovery of the species in the U.S. (Federal 

Register 50 CFR Part 17).  The bird is still protected by the Migratory Bird Treaty Act and 

the Bald and Golden Eagle Protection Act.  The United States Fish and Wildlife Service 

(USFWS) also works with state wildlife agencies to monitor the status of the species as 

required by the ESA. 

 Peregrine Falcon: Peregrine falcons are also found in the vicinity of Bellingham Bay.  They 

feed almost exclusively on birds captured in flight, particularly waterfowl, shorebirds, and 

game birds.  Peregrine falcons typically nest on cliff ledges greater than 150 ft in height that 

are close to the water.  The Site has no Peregrine falcon nests. 

 Marbled Murrelet: Open water concentrations of marbled murrelets have been recorded in 

the central portion of Bellingham Bay.  Murrelets forage in the marine environment typically 

up to 2 miles near a coastline.  The species forages year round in waters generally less than 

90 ft deep, sometimes congregating in well-defined areas where food is abundant.  These 

birds generally do not utilize shallower waters less than 30 ft deep.  Marbled murrelets 

reportedly feed on a wide variety of prey, including sand lance, Pacific herring, and other 

marine taxa such as crustaceans.  Murrelets require old growth or mature forest composed of 

conifers, including Douglas fir, western red cedar, Sitka spruce, and western hemlock.  There 

are no known nest sites along the shoreline of Bellingham Bay, and no clear association 

between these birds and the Site. 

 Salmon: On March 16, 1999, the National Marine Fisheries Service (NMFS) added nine 

West Coast salmon to the Endangered Species List.  Of the nine listed species, one occurs 

within the vicinity of the Site; Puget Sound Chinook salmon was listed as a threatened 

species.  Two races of Chinook salmon (spring and fall) are found in Bellingham Bay.  The 

timing of adult migration to freshwater differs between these two races, but the timing of the 

return of adult fish, spawning, and emigration of juveniles overlap.  Fall Chinook is the most 

common run of Chinook salmon observed in Puget Sound.  Juvenile fall Chinook generally 

emigrate to the estuary between February and August as sub-yearlings (within the first year 

after being spawned) or as yearlings.  Individual fish may only use Bellingham Bay for a 

period of days to a few weeks before heading into the greater Puget Sound estuary.  They 

may use the estuaries and intertidal areas between April and November for further rearing 

and growth.  As juvenile fish move into neritic habitats, they preferentially consume 

emergent insects and epibenthic crustaceans in salt marsh habitat or decapod larvae, larvae, 

and other prey. 

 Bull Trout: Bull trout, listed as a threatened species under the Endangered Species Act by 

the USFWS, are a member of the North American salmon family.  Bull trout occur in the 

Nooksack River, and presumably spend some time in Bellingham Bay.  Many are resident to 

a single stream; others migrate on a fluvial (i.e., spawn in headwaters streams and live 
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downstream in larger rivers) or adfluvial basis (spawn in streams but live in lakes).  Bull trout 

tend to prefer cold, clear waters (no more than 64 F).  

 Orca Whales: On November 15, 2005, the National Oceanic and Atmospheric 

Administration (NOAA) Fisheries announced its decision to list the North Pacific Southern 

Resident Orca whale (Orcinus orca) population as endangered under the ESA.  The listing 

was effective on February 6, 2006 (50 CFR 223/224).  The listing is specific to the three 

resident whale pods (J, K, and L pod) with spring through fall ranges in Puget Sound and the 

Straits of Georgia and Juan de Fuca.  This population was previously (December 16, 2004) 

proposed for listing as threatened.  NOAA Fisheries has announced that they are preparing 

language for proposed Orca whale critical habitat for this population.  A number of factors 

have been identified by NOAA Fisheries as having resulted in the listing of these Orca 

whales as endangered.  Sound and disturbance from vessel traffic, toxic chemicals which 

accumulate in top predators, and uncertain prey availability (primarily salmon) all have been 

identified as concerns for the continued survival of this population.  The small number of 

whales in this group, and relatively slow rate of population recovery since a 20 percent 

population decline during the 1990s, also puts this historically small group at risk of 

extinction during a catastrophic event such as an oil spill or disease outbreak. 

 

4.5 HISTORICAL AND CULTURAL RESOURCES 

No known archaeologically-significant cultural or historical resources are present at the Site.  As 

discussed in Section 2.1, prior to ownership of the Site by the Port, the property was undeveloped subtidal 

aquatic lands of Bellingham Bay.  In the 1920s, the area was filled with material dredged during 

construction of the Squalicum Waterway.  In 1946, Weldcraft Steel and Marine was established on the 

Site, and the Site has since been used continuously since that time for boatyard activities.  Although a 

cultural and historical survey of the Site has not been conducted, the existing structures are largely  

metal-sided buildings with no apparent architectural significance.  Because the native ground surface was 

originally subtidal and located at distance from the original shoreline, the potential for Native American 

archeological material to be present at the Site beneath the approximately 15 ft to 25 ft of fill is low. 

 

4.6 LAND AND NAVIGATION USES 

The Site is currently used as a commercial boatyard, and is zoned for commercial use with 

surrounding properties zoned for commercial or industrial use.  The Site, adjacent properties to the north 

and south, and adjacent aquatic lands, are owned by the Port.  The Port also owns Squalicum Way and the 

historical Harbor Loop Drive.  Roeder Avenue is a public right-of-way.  Ownership information is 

provided on Figure 3.  No changes to local zoning or land use are planned or anticipated.  The Marine 

Unit is situated within Squalicum Outer Harbor, which is owned by the Port and includes a large marina 

and a number of commercial businesses with limited public access.  No changes to navigation and marine 

uses are planned or anticipated.   
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5.0 SITE SCREENING LEVELS 

This section develops Site screening levels for use in evaluating the nature and extent of 

contamination discussed in Section 6.0.  Site screening levels are used to delineate the nature and extent 

of contamination in Section 6.0 based on those constituents that exceed Site screening levels in affected 

media.  PCLs are developed for those constituents that exceed these screening levels in Section 9.0 for 

use in evaluating Site cleanup alternatives.  However, final Site cleanup levels will be established by 

Ecology in the Cleanup Action Plan (CAP) following completion of the RI/FS. 

Site screening levels were developed for soil and groundwater based on MTCA, for those 

constituents that were detected during Site investigation activities.  The following sections identify 

potential exposure pathways and receptors, which are used as a basis for developing Site screening levels. 

Screening levels were not developed for marine sediment because cleanup levels for marine sediment 

were developed for the interim action.  Development of the sediment cleanup levels are presented in 

Section 3.4.2 and in the Interim Action Work Plan (Landau Associates 2002).   

 

5.1 POTENTIAL EXPOSURE PATHWAYS 

Potential exposure pathways must be identified for both human and environmental impacts.  The 

potential exposure pathways (i.e., current and/or potential future) are: 

 Ingestion of groundwater.  Site groundwater is not considered a potable water source and is 

therefore not considered a current or potential future pathway, as discussed below.  

 Groundwater discharge to surface water and sediment.  Discharge of contaminated 

groundwater to surface water could affect receptors in surface water or marine sediment, 

including marine organisms and human consumption of marine organisms, and is therefore 

considered a current and potential future pathway. 

 Direct contact with and ingestion of soil.  Potential pathways include contact with surface 

soil and exposure to subsurface soil during construction that involves intrusive activities; 

therefore this is considered a current and potential future pathway. 

 Soil runoff to sediment and surface water.  Contaminated surface soil runoff via 

stormwater flow to sediment or surface water can introduce contaminants that could affect 

receptors and is considered a current and potential future pathway. 

 Soil and groundwater vapors.  VOCs in soil and groundwater within the former UST Area 

have the potential to volatilize into the air and migrate into Site structures, and therefore is 

considered a current and potential future pathway. 

 Leaching from soil to groundwater.  Soil contaminants can leach to groundwater in 

unpaved areas where stormwater can infiltrate through shallow contaminated soil or at 

locations where soil contamination is in direct contact with groundwater.  Although the Site is 

predominately paved, two unpaved areas (i.e., North Work Yard and eastern edge of the Dry 

Storage Yard) do exist and therefore this is considered a current and potential future pathway. 
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MTCA allows for application of groundwater cleanup criteria based on the protection of adjacent 

surface water if groundwater has an extremely low probability for use as a future drinking water source 

[WAC 173-340-720(2)].  It is necessary that the following conditions be demonstrated to treat 

groundwater as non-potable, as referenced in WAC 173-340-720(2): 

o (2)(a)  The ground water does not serve as a current source of drinking water.  

Drinking water is currently supplied by the City of Bellingham.  Water supply wells 

are not known to exist at or near the Site. 

o (2)(c)  The department determines it is unlikely that hazardous substances will be 

transported from the contaminated groundwater to groundwater that is a current 

or potential future source of drinking water, as defined in (a) and (b) of this 

subsection [i.e., WAC 173-340-720(2)], at concentrations which exceed 

groundwater quality criteria published in chapter 173-200 WAC.   

Remedial investigation work at the site indicates that contaminated groundwater 

occurs primarily in the uppermost water-bearing zone.  This water-bearing zone 

occurs in manmade fill placed into Bellingham Bay and in the upper part of the 

underlying native sediments (“shallow aquifer”).  The shallow aquifer discharges 

directly into Bellingham Bay.  Contaminated groundwater in the shallow aquifer 

will not flow laterally inland toward other aquifers that may be a current or potential 

future source of drinking water, because the inland aquifers are hydraulically 

upgradient of the shallow aquifer.  Similarly, contaminated water in the shallow 

aquifer will not flow vertically downward into deeper aquifers that may be a current 

or potential future source of drinking water, because groundwater flow between 

aquifers at the shoreline is upward, reflecting increasing hydraulic heads with depth.  

 

o (2)(d) Even if groundwater is classified as a potential future source of drinking water, 

the department (Ecology) recognizes that there may be sites where there is an extremely 

low probability that the groundwater will be used for that purpose because of the site’s 

proximity to surface water that is not suitable as a domestic water supply.  An example 

of this situation would be shallow groundwaters in close proximity to marine waters 

such as on Harbor Island in Seattle.  At such sites, the department may allow 

groundwater to be classified as non-potable if each of the following conditions can be 

demonstrated.  These determinations must be for reasons other than that the 

groundwater or surface water has been contaminated by a release of a hazardous 

substance at the site. 

o (2)(d)(i)  There are known or projected points of entry of the 

groundwater into the surface water.   

Remedial investigation work at the site demonstrates that groundwater in the 

shallow aquifer discharges directly into Bellingham Bay.  
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o (2)(d)(ii)  The surface water is not classified as a suitable domestic 

water supply source under chapter 173-201A WAC.  

Bellingham Bay is a marine surface water body, and is not suitable as a 

domestic water supply under chapter 173-201A WAC.  

 

o (2)(d)(iii)  The groundwater is sufficiently hydraulically connected to 

the surface water that the groundwater is not practicable to use as a 

drinking water source.  

Remedial investigation work at the site indicates that the shallow aquifer is 

directly connected with and discharges into Bellingham Bay.  It is not 

practicable to utilize the shallow aquifer for water supply due to the potential 

for drawing saline water into the aquifer (saltwater intrusion).  

 

5.2 POTENTIAL RECEPTORS 

The potential exists for human and ecological receptors to be exposed to affected media at the 

Site.  Potential human receptors that may be exposed to affected groundwater and soil are identified 

below.  Potential human receptors that may be exposed to affected sediment are not included because 

these were identified in the Interim Action Completion Report (Appendix C), except as related to 

potential recontamination of marine sediment by contaminated Site groundwater: 

 Site visitor/do-it-yourselfer.  Potential exposure of Site visitors or individuals conducting 

do-it-yourself boat repair to contaminants in surface soil can occur through ingestion, dermal 

contact, or inhalation of particulates, although potential exposure is limited by the presence of 

pavement and buildings throughout most of the Site.  Inhalation of soil vapors migrating into 

buildings is also a potential exposure pathway. 

 Site commercial/industrial workers.  Potential exposure of Site workers to contaminants in 

surface soil can occur through ingestion, dermal contact, or inhalation of particulates, 

although potential exposure is limited by the presence of pavement and buildings throughout 

most of the Site.  Inhalation of soil vapors migrating into buildings is also a potential 

exposure pathway.   

 Site construction workers.  Potential exposure of Site construction workers to contaminants 

in surface and subsurface soil can occur through ingestion, dermal contact, or inhalation of 

particulates; through dermal contact with groundwater; and through inhalation of soil vapors. 

The Port maintains internal controls to ensure that workers conducting excavations at the Site 

receive appropriate training and monitoring.  Potential exposure to contaminants in marine 

sediment can occur through ingestion and dermal contact during sediment dredging. 

 Site aquatic seafood gatherer/fisher.  Potential exposure of Site seafood gatherers/fishers to 

contaminants in fish organisms containing hazardous substances originating from Site 

groundwater discharged to marine surface water, and potentially through the gathering of 

benthic/epibenthic organisms affected by Site sediment, if recontaminated by groundwater 

discharge through sediment.  Potential exposure is limited due to lack of public access to Site 

aquatic area for fishing or shellfish gathering. 
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 Residential use exposure.  The Site is not planned for residential use, although unrestricted 

site use would not preclude future use for this potential exposure pathway.  If residential use 

were to occur, potential exposure could occur through dermal contact, ingestion, or inhalation 

of soil vapors migrating into buildings. 

Ecological receptors may also be exposed to affected Site media.  Potential ecological receptors 

include: 

 Benthic/epibenthic organisms.  Benthic or epibenthic organisms affected by sediment 

recontamination resulting from groundwater discharge to sediment.   

 Aquatic species.  Fish species potentially use marine surface water that is potentially affected 

by Site groundwater discharge.  

 Terrestrial plants and animals.  Future land use at the Site is anticipated to be limited to 

industrial and commercial uses.  Existing and future development will cover the Site’s ground 

surface with buildings and pavement, which preclude contact of terrestrial plants and animals 

with contaminated soil.  As a result, the Site qualifies for an exclusion under WAC 173-340-

7491(1)(c)(i) because there is less than 1.5 acres of contiguous undeveloped land within 

500 ft of the Site.  Therefore a terrestrial ecological evaluation is not required and terrestrial 

plants and animals are not considered potential receptors for the Site. 

 

5.3 SCREENING LEVELS 

Site screening levels were developed for groundwater and soil based on the preceding evaluation 

of potential exposure pathways and receptors, and MTCA regulations.  Site screening levels are presented 

below by media.  As previously mentioned, sediment cleanup levels were developed for the interim action 

and are discussed in Section 3.4.1. 

 

5.3.1 SURFACE WATER 

Surface water screening levels were not developed for the Site because surface water is not 

considered an affected media for the Site, and because the groundwater screening levels developed in 

Section 5.3.2 are protective of surface water.  As such, the groundwater screening levels can be applied to 

surface water for the evaluation of RI surface water quality data, as necessary. 

 

5.3.2 GROUNDWATER 

As discussed in Section 5.1, Site groundwater is considered non-potable.  As a result, 

groundwater screening levels were developed based on groundwater discharge to adjacent marine surface 

water using the applicable surface water cleanup levels identified in WAC 173-340-730(3), or calculated 

porewater concentrations protective of marine sediment utilizing the SQSs (WAC 173-204-320).  MTCA 

Method B standard formula values protective of consumption of shellfish and fish by humans were used 

unless more stringent cleanup level criteria protective of human consumption of fish or aquatic life were 
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available under the following state and federal laws:  National Toxics Rule (40 CFR 131.36), National 

Recommended Water Quality Criteria (EPA 2006), and Chapter 173-201A WAC.  The applicable 

regulatory criteria and the selected Site surface water screening levels are presented in Table 6.  Because 

surface water quality criteria for TPH has not been developed, MTCA Method A cleanup levels for 

groundwater were used for these constituents, as provided for in WAC 173-340-730(3)(b)(iii)(C).   

The groundwater screening levels developed above consider protection of sediment 

recontamination by applying the SMS SQS criteria, the most stringent standards protective of benthic 

organisms.  Ecology has identified three additional potential sediment exposure pathways that should be 

considered regarding sediment recontamination potential:  (1) human seafood consumption, (2) human 

direct contact with sediment, and (3) higher trophic level organism (seals, birds) consuming seafood.  The 

first and third additional pathways are associated with hazardous substances that have the potential to 

bioaccumulate.  The only PBT that has been detected in Site groundwater is arsenic.  As presented in 

Table 6, the state-wide natural background concentration of arsenic is identified as the applicable 

groundwater screening level, which is an appropriate screening level for PBTs, including arsenic.    

The most stringent criteria protective of surface water and/or sediment, adjusted to the PQL or 

background concentrations, if appropriate, were identified as the groundwater screening levels.  The 

potentially applicable regulatory criteria and the selected Site groundwater screening level are presented 

in Table 6.   

 

5.3.3 SOIL 

MTCA Method B standard formula values protective of direct human contact developed in 

accordance with WAC 173-340-740(3) and MTCA soil concentrations protective of groundwater quality 

calculated using the fixed parameter three-phase partitioning model in accordance with  

WAC 13-340-747(4), were identified as potential screening levels for soil.  In the event that a particular 

constituent did not have an associated MTCA Method B screening value, MTCA Method A soil cleanup 

levels for unrestricted site use were used as soil screening levels for these constituents.  MTCA Method A 

unrestricted land use criteria were used to establish screening levels for TPH compounds, and to evaluate 

the most stringent screening level for arsenic, lead, and mercury.   

The most stringent of the above criteria applicable to soil cleanup levels, adjusted for soil 

background concentrations or the PQL, as appropriate, were identified as soil screening levels for the Site.  

The potentially applicable criteria and selected soil screening levels are presented in Table 7.   
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6.0 NATURE AND EXTENT OF CONTAMINATION 

This section describes Site environmental conditions including soil, groundwater, marine 

sediment, surface water, and air quality.  Site upland environmental conditions were evaluated based on 

analytical results for soil and groundwater samples generated during the RI and pre-RI investigations.  

Site sediment environmental conditions are based on analytical results from the 2009 interim action 

compliance monitoring event because the data collected during this monitoring event represents current 

Site sediment quality. 

Soil and groundwater screening levels for VOCs, including gasoline-range petroleum 

hydrocarbons, address the vapor migration pathway.  So, although the vapor migration pathway is not 

addressed as a separate media, the potential threat to human health and the environment associated with 

the vapor migration pathway is adequately addressed for the Site. 

Analytical data were evaluated for data quality prior to use.  Data validation for pre-RI 

investigations are described in those documents (Landau Associates 1993, 1998, 2001b, 2001c, 2001d).  

Data quality evaluations for the upland remedial assessment and the RI upland investigations were 

conducted in accordance with the procedures identified in the Upland RI Work Plan (Landau Associates 

2002) and the Supplemental RI Work Plan (Landau Associates 2006a), respectively.  Data quality 

evaluations for the marine sediment compliance monitoring were conducted in accordance with the 

procedures identified in the Interim Action Compliance Monitoring Plan (Landau Associates 2003) and 

the 2009 Sampling and Analysis Plan (Landau Associates 2009b). 

Environmental conditions for soil are presented using base maps that show Site features at the 

time of sample collection.  As a result, the base maps for soil conditions predate the improvements made 

as part of the redevelopment for the Port’s current tenant.  However, current Site features (as presented on 

Figure 3) are illustrated on the base maps presenting groundwater and marine sediment conditions.  

 

6.1 CONSTITUENTS OF POTENTIAL CONCERN 

Investigation activities have identified six areas of the Site where one or more samples exceeded 

Site soil, groundwater, and/or marine sediment screening levels.  These affected areas, the media that 

contained the exceedance, and the COCs in each affected area are summarized below: 
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Affected Area Impacted Media COC 

Former Gasoline UST Area  Soil and Groundwater  
Gasoline-Range Petroleum Hydrocarbons, 

BTEX 

Catch Basin No. 2 Area Soil Diesel-Range Petroleum Hydrocarbons 

North and South Work Yards 
Soil Metals (Copper, Mercury, Nickel, and Zinc) 

Groundwater Metals (Copper, Nickel, and Zinc) 

Northeast Work Yard (Former 

Sandblast Area)  
Soil Metals (Copper, Lead, Mercury, Zinc)  

DA-101/102 Area Soil VOCs (Trichloroethene)  

Marine Area  Marine sediment 

Metals (Mercury and Zinc), Acenaphthene, 

Flourene, Phenanthrene, Fluoranthene, and 

Dibenzofuran  

 

It should be noted that TBT and other hazardous substances were marine sediment COCs prior to 

implementation of the marine sediment interim action.  However, the constituents listed above were the 

only COCs remaining based on sediment compliance monitoring data collected following completion of 

the interim action.  No sediment COCs were detected above the sediment screening levels in the most 

recent (i.e., 2009) round of sediment quality monitoring (see Section 3.4). 

 

6.2 SOIL QUALITY 

Soil quality data for constituents detected in soil during pre-RI and RI investigations are 

presented and compared to the soil screening levels in Table 8.  Analytical results for the constituents 

tested for are presented in Appendix G.  Analytical laboratory reports are maintained in Landau 

Associates’ project files. 

The soil analytical program included the following: 

 10 soil samples were tested for TPH-HCID  

 33 samples for NWTPH-G  

 18 samples for BTEX  

 13 samples for NWTPH-Dx  

 6 samples for VOCs  

 3 samples for PAHs  

 30 samples for priority pollutant metals.   

Of the 30 samples tested for priority pollutant metals, 4 were composite samples that included 

soil from a total of 14 locations.  The distribution of soil testing is shown on Figure 19, including sample 

locations that were composited.   
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Based on the analytical results for these tests, one or more samples exceeded the soil screening 

levels for gasoline-range TPH (TPH-G), BTEX, diesel-range TPH (TPH-D), trichloroethene (TCE), 

copper, lead, mercury, nickel, and zinc.  The analytical results for TPH-G are shown on Figure 20;  

TPH-G concentration contours are based on orders-of-magnitude of the 30 mg/kg screening level.  The 

analytical results for benzene are shown on Figure 21, the analytical results for TPH-D and cPAHs are 

shown on Figure 22, and the analytical results for metals are presented on Figures 23 and 24.   

Based on these data, soil quality at the Site was impacted by Site activities in five locations: the 

Former Gasoline UST Area, Catch Basin No. 2, the Northeast Work Yard (former sandblast area) east of 

Building 1, the DA-101 and DA-102 Area in the northwest corner of the Dry Storage Yard, and the North 

and the South Work Yards.  These affected soil areas are discussed below. 

 

6.2.1 FORMER GASOLINE UST AREA 

Soil quality in the vicinity of the former gasoline UST was impacted as a result of leaking or 

overfilling from the gasoline UST, and probably from the piping between the tank and the dispenser 

island.  The following sections discuss exceedances of the soil screening levels for gasoline-range 

petroleum hydrocarbons, BTEX, and metals.  Based on the use of paint and paint-related solvents in the 

construction, repair, and maintenance of boats, VOCs were likely used at the Site during historical 

operations.  Potential former use of VOCs in the building is supported by the presence of chlorinated 

solvents at the DA-101/102 Area due to the former accumulation of wastes at that location.  VOCs can 

be transported through the subsurface via soil vapor or groundwater migration similar to petroleum 

hydrocarbons.  VOC soil vapor and groundwater contamination and migration could occur if significant 

releases of VOCs associated with historical boatyard activities occurred.  Only low concentrations of a 

limited number of VOCs unrelated to gasoline-range petroleum hydrocarbons have been detected in Site 

soil and/or groundwater sampled away from the buildings, but VOCs have not been sampled beneath the 

building.   

 

6.2.1.1 Gasoline-Range Petroleum Hydrocarbons 

Concentrations of gasoline-range petroleum hydrocarbons were above soil screening levels in soil 

samples from SB-8, SB-25, MW-5, UST B, DI-1, SB-35 through SB-40, SB-42, SB-43, SB-53 through 

SB-55, SB-57, SB-59, SB-61, SB-63, SB-65, SB-66 ( a duplicate of sample SB-65), and SB-67, as shown 

on Figure 20.  Additionally, field observations indicated gasoline-range petroleum hydrocarbon 

contamination in Borings SB-25 though SB-29, SB-31, SB-32, SB-35 through SB-39, SB-42, SB-43, and 

SB-61.  The highest concentration of gasoline-range petroleum hydrocarbons was detected at boring  

SB-55 (15,000 mg/kg).  This boring is located along the southern side of Building 1.   
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The gasoline-range petroleum hydrocarbon contamination was generally limited to the capillary 

zone and associated smear zone resulting from groundwater level fluctuations, and a layer of loose, black 

apparent coal material observed beneath Building 1 at a depth of about 8 to 10 ft BGS.  As shown on 

Figure 20, the distribution of gasoline-range petroleum hydrocarbon contamination to the south of the 

former UST largely mirrors the areal distribution of the apparent coal lens underlying the Buildings 1 

and 2.  The coal lens in the petroleum-affected area consists primarily of coarse sand and gravel-sized 

material, and represents a higher permeability zone that appears to influence the distribution of petroleum 

hydrocarbon contamination in this area.  Gasoline-range petroleum hydrocarbon contamination was also 

present in shallow soil at the dispenser island.   

The extent of gasoline-range petroleum hydrocarbon soil contamination is best illustrated by the 

extent of TPH-G contamination and the area over which gasoline-like odors were observed during 

drilling, both shown on Figure 20.  The extent of gasoline-range petroleum hydrocarbon contamination is 

not closely bounded to the north, south, and east, so contamination could extend to the eastern limits of 

Building 1, beneath Squalicum Way and underneath at least the western portion of Building 3.   

As illustrated by these data, the extent of TPH-G soil contamination extends a significant distance 

upgradient and cross gradient to the location of the former UST.  This distribution of TPH-G soil 

contamination is interpreted to result from the following factors: 

 Leakage from the gasoline conveyance lines and the pump island likely released gasoline-

range petroleum hydrocarbons upgradient of the former UST location. 

 A higher hydraulic conductivity zone containing apparent coal media was encountered at 

locations where gasoline-range petroleum hydrocarbon contamination was encountered to the 

south and east of the former UST location, providing a migration pathway in directions other 

than downgradient from the source. 

 Gradient reversals caused by high tides likely caused gasoline free product to migrate 

laterally and upgradient to the direction of average groundwater flow, particularly within 

higher permeability zones such as the lens containing apparent coal media present in the 

affected area. 

 

6.2.1.2 BTEX 

Fifteen samples [SB-25, SB-30, SB-32, SB-53, SB-54, SB-55, SB-57, SB-59, SB-61, SB-63,  

SB-64, SB-65, SB-66 (a duplicate of sample SB-65), SB-67, and MW-5] contained benzene, 

ethylbenzene, o-xylene, and/or total xylenes at concentrations above the soil screening levels.  Benzene 

soil quality results are shown on Figure 21.  Benzene was not tested for as extensively as gasoline-range 

petroleum hydrocarbons, and as a result, the extent of benzene soil contamination is not as well 

delineated.  However, it is likely that the extent of benzene soil contamination is similar to the extent of 
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gasoline-range petroleum hydrocarbon contamination because both COPCs have relatively low screening 

levels and benzene is directly associated with the gasoline release. 

 

6.2.1.3 Metals 

The only exceedances of the soil screening level for metals in the former UST area were copper 

exceedances at locations UST-A and UST-B, as shown on Figure 23.  The UST-B sample was collected 

from the septic holding tank excavation bottom, which was originally thought to be a second petroleum 

UST.  The copper concentrations at these locations were 41.2 and 55.6 mg/kg, respectively, which 

slightly exceed the copper screening level of 36 mg/kg.  

 

6.2.2 CATCH BASIN NO. 2 AREA 

Soil quality in the vicinity of Catch Basin No. 2 is impacted as a result of the releases from the 

catch basin prior to the Port replacing the open-bottom catch basin with a Type II catch basin, as 

discussed in Section 4.1.5.  A soil sample (i.e., CB-2) collected from the base of the former catch basin 

following sediment removal was tested for diesel- and oil-range petroleum hydrocarbons, heavy metals, 

and VOCs.  A soil sample was also collected from the boring for monitoring well MW-9, located about 

10 ft downgradient from Catch Basin No. 2, and was tested for petroleum hydrocarbons in the diesel- and 

oil-ranges, and PAHs.  The samples did not exceed the soil screening levels for any VOC or PAH 

compounds.  The results for petroleum hydrocarbon and metals analyses are discussed below. 

 

6.2.2.1 Petroleum Hydrocarbons 

The total petroleum hydrocarbon (combined diesel-range and residual-range) concentration in the 

soil sample collected from the base of Catch Basin No. 2 (i.e., sample CB-2) of 4,100 mg/kg exceeded the 

soil screening level of 2,000 mg/kg, as shown on Figure 22.  Soil collected from the boring for  

MW-9, located about 10 ft downgradient of Catch Basin No. 2, contained petroleum hydrocarbons in the 

diesel- and oil-ranges, although the total concentration was below the soil screening level.  

Based on these results, affected soil above the soil screening level for diesel-range petroleum 

hydrocarbons is limited to the immediate vicinity of Catch Basin No. 2. 

 

6.2.2.2 Metals 

The soil sample collected from Catch Basin No. 2 contained copper at a concentration of 

186 mg/kg and mercury at a concentration of 0.29 mg/kg, which exceeded the soil screening levels of 

36 mg/kg and 0.07 mg/kg, respectively, as shown on Figure 23.  No other metals exceeded their soil 

screening levels in sample CB-2.   



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 6-6 LANDAU ASSOCIATES 

6.2.3 NORTHEAST WORK YARD 

Of the nine sample locations in the Northeast Work Yard, soil samples collected from SB-20,  

SB-44, SB-45, SB-47, SB-48, SB-50, and SB-51 contained copper, lead, mercury, and/or zinc above the 

soil screening levels, as shown on Figure 24.  Elevated metals concentrations at this location likely result 

from boat maintenance activities, including sand blasting, that occurred prior to the area being paved.   

Samples were collected in one foot depth increments in the borings in this area to a maximum 

depth of 3 ft, except SB-20 (collected between 0.4 and 1.7 ft BGS).  The soil sample from SB-20 was 

collected during the Phase II ESA and surface soil was the only sampling interval planned for this 

location.  Boring SB-51 could only be advanced to a depth of 1 ft due to encountering refusal at that 

depth. 

Soil metals concentrations generally decreased with depth and soil screening levels for the 

constituents were achieved within the 3 ft BGS, except at borings SB-44 and SB-47.  At boring SB-44 

copper, lead, mercury, and zinc exceeded the soil screening levels in the 0- to 1-ft interval and only 

copper exceeded the soil screening level in the 1- to 2-ft interval.  At SB-47 the copper screening level 

was exceeded down to the 2- to 3-ft interval.   

 

6.2.4 NORTH AND SOUTH WORK YARDS 

Soil quality in shallow soil samples collected in the North and South Work Yards exhibited 

concentrations of copper, mercury, nickel, and/or zinc above the soil screening levels, as shown on 

Figure 23.  The soil screening levels are based on protection of surface water; however, no soil 

concentrations exceeded the Method B cleanup level for unrestricted Site use for these metals based on 

direct contact.  Concentrations for these metals were the highest in the vicinity of the former marine 

railway well area and travel lift, which is consistent with where the heaviest boat maintenance activities 

occurred during the previous tenant’s operations.  It should be noted that soil quality on the North and 

South Work Yards relied heavily on analysis of composite samples, so concentrations at some of the 

individual boring locations used to create the composite samples could be higher than indicated by the 

composite sample results. 

 

6.2.5 DA-101/102 AREA 

Soil quality in shallow soil samples collected in the northwest corner of the Dry Storage Yard 

exhibited concentrations of TCE that exceeded the soil screening level.  The soil samples from DA-101 

and DA-102 were collected from 0.75 ft BGS from an area where a number of drums containing waste 

fluids from boat maintenance activities were stored by the former tenant prior to being disposed of by the 

Port.  The soil samples were tested for VOCs, SVOCs, petroleum hydrocarbons, and polychlorinated 
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biphenyls (PCBs).  TCE was the only analyte that exceeded its screening level, combined diesel and oil-

range petroleum hydrocarbons were detected at low concentrations (less than 100 mg/kg), and neither 

PCBs or SVOCs were detected above the laboratory reporting limits.   

The detected TCE soil concentrations were 0.0094 mg/kg and 0.015 mg/kg at DA-101 and  

DA-102, respectively, compared to a screening level of 0.005 mg/kg based on protection of groundwater.  

The screening level based on direct contact is 11 mg/kg, which is over 700 times greater than the highest 

detected concentration.  However, deeper samples often contain greater concentrations of VOCs due to 

their volatile nature and the greater potential for air exchange in soil near the surface.  Deeper soil 

samples were not tested for VOCs because the detected concentrations were well below the screening 

levels being used at the time of the investigation (2000).  However, deeper samples were tested for 

petroleum hydrocarbons in the diesel-extended range and concentrations were either less than or similar 

to the shallower soil results.  

VOCs were tested for in groundwater samples collected from 13 locations, including locations 

downgradient from the DA-101/102 area, and TCE or potential TCE daughter products [i.e., 1,1-

dichloroethene (DCE), vinyl chloride] were not detected in any of the samples tested, including samples 

collected from MW-1 and MW-9, which are located in the vicinity of the DA-101/102 area. 

 

6.3 GROUNDWATER QUALITY  

Groundwater quality data and screening levels for constituents detected in groundwater are 

presented in Table 9.  Analytical results for the constituents tested for are presented in Appendix H.  

Analytical laboratory reports are maintained in Landau Associates’ project files. 

Groundwater quality was evaluated based on samples collected from 9 temporary direct-push 

locations (SB-5, SB-8, SB-10, SB-16, SB-19, SB-24, SB-30, SB-68, and SB-69), 12 monitoring wells, 

and 2 samples collected from the weep hole discharge from the bulkhead.  The groundwater analytical 

program included the following: 

 1 groundwater sample (SB-24) was tested for petroleum hydrocarbon identification using 

Method TPH-HCID 

 23 samples from 13 locations were tested for gasoline-range petroleum hydrocarbons using 

method NWTPH-G 

 15 samples from 10 locations were tested for BTEX 

 3 samples from 1 location (MW-9) were tested for diesel- and oil-range petroleum 

hydrocarbons using Method NWTPH-Dx 

 12 samples from 12 locations were tested for VOCs 

 1 sample (MW-9) was tested for PAHs 

 32 samples from 14 locations were tested for dissolved metals, and  
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 13 samples from 9 locations were tested for lead only. 

Additionally, 16 samples from 9 locations were tested for conventional parameters to evaluate the 

extent to which natural attenuation is occurring in the vicinity of the former gasoline UST.  The 

distribution of groundwater sample testing is illustrated on Figure 25.   

Groundwater screening levels were exceeded in the vicinity of the former UST and in the vicinity 

of the bulkhead, as discussed in the following sections.  The only other constituents detected in 

groundwater were: 

 Arsenic, antimony, lead, selenium, and zinc were detected below the groundwater screening 

levels at multiple locations 

 A single detection of 1,1,1-trichloroethane at SB-19 at a concentration of 5 µg/l, which is 

well below the groundwater screening level of 11,000 µg/l 

 A single detection of naphthalene, 2,-methylnapthalene, and 1-methynapthalene at MW-9 at a 

combined total concentration of 1.02 µg/l, well below the naphthalene groundwater screening 

level of 83 µg/l. 

The groundwater quality results are discussed in the following sections. 

 

6.3.1 FORMER GASOLINE UST AREA 

Groundwater quality in the vicinity of the former gasoline UST is impacted by releases from the 

former UST, the associated piping, and the pump dispenser.  Source area groundwater quality samples 

were collected from monitoring well MW-5 and soil boring SB-8.  Concentrations of gasoline-range 

petroleum hydrocarbons, benzene, and o-xylene in the groundwater sample from MW-5 were above the 

groundwater screening levels.  The analytical results for TPH-G and BTEX are shown on Figure 26.  As 

noted previously, VOCs were likely used at the Site during historical operations, but VOCs have not been 

sampled for in soil or groundwater beneath the building.  In addition, gasoline often contained lead in 

mixtures commonly used in the past; however potential lead concentrations have not been fully evaluated 

within the former gasoline UST area.  Potential lead and VOC concentrations in groundwater will be 

further evaluated during remedial design for the final cleanup action.   

Groundwater quality data collected downgradient of the former gasoline UST indicate that the 

release to groundwater is limited to the vicinity of the former gasoline UST.  Gasoline-range petroleum 

hydrocarbons and BTEX were not detected in groundwater samples collected from SB-30, MW-3, MW-4, 

MW-6, MW-7, and MW-8, and BTEX were not detected in the sample collected from boring SB-5, all of 

which are hydraulically downgradient of the former gasoline UST.  Groundwater data from the Site 

indicates that gasoline-impacted groundwater is not migrating a significant distance from the former UST 

location toward Bellingham Bay. 
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A measurable thickness of floating gasoline free product was not observed in any Site wells 

although sheens were observed below the water table in SB-8, MW-5, and MW-6 during drilling.  The 

available data do not indicate the presence of free-phase non-aqueous phase liquid (NAPL); however, 

wells are not present within the portion of the source area underlying the buildings to evaluate its 

potential presence.  The potential presence, and if present, the extent of free-phase NAPL at the Site will 

be further evaluated during remedial design of the selected remedy.    

A number of conventional parameters, including dissolved oxygen (DO), ferrous iron, and nitrate 

were tested for in groundwater samples collected from MW-1 (upgradient well), MW-5 (source area 

well), and MW-3 and MW-6 (downgradient wells) to evaluate the extent to which natural attenuation was 

occurring in the vicinity of the former gasoline UST release.  Natural attenuation parameter results are 

shown on Figure 27 for the former UST area and North and South Work Yards.  Analytical results 

indicate that background concentrations for these parameters measured at MW-1 are characterized by low 

concentrations of ferrous iron, and low to moderate concentrations of DO and nitrate.  In the source area 

evaluated at MW-5, the concentration of ferrous iron is about 50 times greater than the background 

concentration, and DO and nitrate are below reporting limits.  At the first downgradient well (MW-6), the 

ferrous iron concentration has declined, nitrate has increased, and DO is still below reporting limits.  In 

the furthest downgradient well (MW-3), ferrous iron is below reporting limits, and nitrate and DO have 

increased to background concentrations. 

These results indicate that natural attenuation is occurring through biological processes, which 

utilize the available DO and nitrate as electron acceptors in the process of aerobic degradation of 

petroleum hydrocarbons in the vicinity of the gasoline release.  However, Ecology guidance (Ecology 

2005) requires four quarters of monitoring for natural attenuation parameters to confirm that natural 

attenuation is occurring, so additional groundwater quality monitoring will be required during remedial 

design to confirm that these preliminary results of monitored natural attenuation (MNA) is considered as 

part of the cleanup action for the Site.   

 

6.3.2 NORTH AND SOUTH WORK YARD AREA 

Copper, nickel, and zinc exceeded the groundwater screening level in samples collected from 

monitoring wells MW-3, MW-4, MW-10, MW-11, and MW-12 located within the North and South Work 

Yard Area, as shown on Figure 28.  Only copper exceeded the preliminary groundwater cleanup level in 

samples collected from monitoring well MW-7, and only nickel exceeded its preliminary groundwater 

cleanup level in the groundwater sample collected from SB-5.  Except for the exceedance of nickel in  

SB-5, located about 90 ft from the galvanized steel bulkhead, copper, nickel, and zinc were not exceeded 

in any of the monitoring wells located more than about 45 ft from the shoreline.   
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The probable primary source of the elevated metals concentrations in groundwater near the 

shoreline is dissolution (corrosion) of the galvanized coating on the bulkhead and tieback anchors that 

were installed during redevelopment of the Site in 2003/2004.  Dissolution of the galvanized coating is 

considered the most probable source of elevated metals concentrations, with the possible exception of 

copper (as discussed below), for the following reasons: 

 Zinc, which exhibits the highest concentrations of the metals present in Site groundwater, is 

the primary constituent of galvanized coatings. 

 Nickel is often added to the galvanized coating to suppress the reactivity of silicon and 

phosphorus in the steel. 

 Groundwater specific conductance data indicate groundwater in the vicinity of the bulkhead 

and associated tie back anchors is a mixture of groundwater and marine water, and is highly 

corrosive. 

 The ground surface over the majority of the metals-affected groundwater area is paved, 

reducing surface water infiltration through affected shallow soil, and reducing the potential 

pathway for groundwater to be impacted by historical releases associated with boat 

maintenance activities to the ground surface. 

Groundwater quality in the bulkhead vicinity is discussed further in the following sections, by constituent. 

The amount of groundwater quality data in the Northeast and South Work Yards is limited and 

relies heavily on groundwater samples collected from temporary borings rather than monitoring wells.  As 

a result, there is some potential that available data are not fully representative of groundwater quality, and 

groundwater could be affected by dissolved metals that leached from affected shallow soil. 

 

6.3.2.1 Copper 

The concentrations of copper in groundwater samples that exceeded the groundwater screening 

level ranged between 3 µg/l to a maximum of 35 µg/l in MW-11, which is about 14 times the screening 

level for copper of 2.4 µg/l.  The copper concentration in the two groundwater samples collected from the 

bulkhead weep hole that is the only known location of significant groundwater discharge to surface water 

ranged between 4.1 µg/l to 6 µg/l, which is above the screening level of 2.4 µg/l.  The copper 

concentration measured in the two surface water samples collected from Bellingham Bay ranged from 

undetected (less than 2 µg/l) to 6 µg/l, which is in the same range as the weep hole groundwater 

concentrations.   

The results of the surface water sampling indicate that surface water quality could be affecting 

copper groundwater quality in the vicinity of the shoreline.  The detected concentrations of dissolved 

copper in surface water do not appear to be attributable to Site releases because surface water and 

groundwater concentrations are similar, and may be the result of anti-fouling paints present on boat hulls 

in the marina.  A 2007 study conducted by Ecology documented similar to higher levels of dissolved 
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copper at two Puget Sound marinas located in the Anacortes, Washington area resulting from anti-fouling 

paint.  Inner marina concentrations for dissolved copper ranged between 3.3 µg/L to 12 µg/L at Cap Sante 

Marina and ranged from 4.7 µg/L to 7.2 µg/L at Skyline Marina as compared to a background 

concentration of 0.42 µg/L (Ecology 2007).  Dissolved copper concentrations were generally 

progressively lower moving from the inner marina toward the marina entrance.   

The detected concentrations of dissolved copper within the Anacortes marinas were attributed by 

the Ecology report to anti-fouling paints commonly applied to boat hulls (Ecology 2007).  Senate 

Bill 5436, which was signed into law in May 2011 and became effective in July 2011, prohibits the sale 

of new recreational water vessels with antifouling paint containing copper after January 1, 2018.  The bill 

also prohibits the sale of copper antifouling paint intended for use on recreational water vessels after 

January 1, 2020.  These measures are expected to reduce concentrations of dissolved copper and improve 

surface water quality in Washington State marinas over time. 

Based on these considerations, the elevated copper concentrations in the weep hole sample may 

be the result of background conditions in surface water intermixing with groundwater near the shoreline.  

However, based on the proximity of the copper groundwater exceedances to the bulkhead and its 

associated galvanized tie back anchors, it is also possible that elevated copper groundwater concentrations 

partially result from corrosion of the galvanized coating on the bulkhead.   

 

6.3.2.2 Nickel 

The concentrations of nickel in groundwater samples that exceeded the groundwater screening 

level ranged from 9.1 µg/l to a maximum of 37 µg/l in MW-10, which is about 4 times the screening level 

of 8.2 µg/l.  The nickel concentration in the two groundwater samples collected from the bulkhead weep 

hole ranged from 4.8 µg/l. to 7.0 µg/l, and the nickel concentration in the two surface water samples 

ranged from 6.0 µg/l. to 10 µg/l, indicating that the nickel concentration discharging to surface water is 

consistent with background surface water nickel concentrations.  

 

6.3.2.3 Zinc 

The concentration of zinc in groundwater samples that exceeded the groundwater screening level 

ranged from 82 µg/l to a maximum of 280 µg/l in MW-12, which is about 3 times the screening level of 

81 µg/l.  The zinc concentrations in the two groundwater samples collected from the bulkhead weep hole 

ranged from 49 µg/l to 60 µg/l, and the zinc concentrations in the two surface water samples ranged from 

undetected (less than 10 µg/l) to 9.0 µg/l.  Zinc concentrations in groundwater upgradient and more 

distant from the bulkhead were significantly lower, as is reflected in Figure 29, which presents dissolved 
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zinc concentrations in groundwater with distance from the shoreline.  Similar concentration trends with 

distance from the shoreline were also observed in nickel and copper data.  

 

6.3.2.4 Summary 

The groundwater results for nickel and zinc are consistent with the conceptual model of 

significant groundwater/surface water mixing immediately prior to groundwater discharge to surface 

water, which results in significant reductions in zinc and nickel concentrations at the point of groundwater 

discharge to surface water.  The copper results are consistent with this conceptual model if the copper 

concentration measured in the weep hole sample primarily results from background surface water quality 

conditions, which is supported by the surface water quality data and the Anacortes marina study 

conducted by Ecology (Ecology 2007).   

Based on these conditions, elevated metals concentrations in the vicinity of the shoreline may 

result from a combination of corrosion of the bulkhead structure and surface water background 

concentrations of copper.  However, the amount of groundwater quality data in the Northeast and South 

Work Yards is limited and relies on groundwater samples collected from temporary borings rather than 

monitoring wells.  As a result, the potential exists that available data are not fully representative of 

groundwater quality and groundwater could be affected by dissolved metals that leached from affected 

shallow soil.  Groundwater quality will be further evaluated during remedial design, as necessary, to 

support design of the selected remedy. 

 

6.4 MARINE SEDIMENT QUALITY 

Site marine sediment quality within the Marine Area is evaluated based on the analytical results 

from the 2009 compliance monitoring event.  The 2009 marine sediment quality data in conjunction with 

the marine sediment cleanup levels are presented in Table 10. 

Analytical results for the 2004 post-interim action performance monitoring event are not 

presented because they do not represent current sediment quality conditions.  Tabulated analytical results 

for the 2004 performance monitoring event are provided in Appendix F.  Results for pre-interim action 

marine sediment samples are also summarized in tabular format in Appendix D.  Analytical laboratory 

reports are maintained in Landau Associates’ project files. 

As discussed in Section 3.4.2, the purpose for collecting and analyzing the 2009 sediment 

confirmational samples was to evaluate surface sediment quality in the Marine Area following five years 

of natural recovery after completion of the sediment interim action.  The nine marine surface sediment 

samples were analyzed for the COCs identified following completion of the marine sediment interim 

action (i.e., mercury, zinc, acenaphthene, flourene, phenanthrene, fluoranthene, and dibenzofuran).  The 
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analytical results were compared to the SQS numeric benthic criteria (see Table 10).  The concentrations 

for acenaphthene, flourene, phenanthrene, fluoranthene, and dibenzofuran were organic carbon 

normalized for comparison to the SQS criteria.  As shown in Table 10, mercury, zinc, and two or more of 

the SVOCs were detected in each sample.  However, none of the concentrations exceeded the SQS 

numeric benthic criteria.  Reporting limits for the non-detected constituents were also below the SQS 

numeric benthic criteria. 

Based on the results of the 2009 marine sediment compliance monitoring, it is concluded that the 

sediment screening levels (see Section 3.4) have been achieved by the marine sediment interim action in 

conjunction with subsequent natural recovery.  Natural recovery processes are discussed in Section 7.2.3. 

 

6.5 SURFACE WATER  

As discussed in Section 3.3, surface water quality samples were collected from Bellingham Bay 

during December 2006 and February 2007 RI sampling events and tested for dissolved metals and 

conventional parameters.  Surface water quality data are presented in Table 12.  Copper and nickel 

exceeded the groundwater screening levels in the December 2006 surface water sample.  The 

concentrations of copper and nickel measured in the surface water samples were similar to the 

concentrations measured in bulkhead weep hole samples.  The zinc concentrations measured in the 

surface water samples were significantly lower than the weep hole samples, although zinc concentrations 

were below the screening level in both weep hole and surface water samples.  The surface water quality 

samples were collected at distance from the Site and other upland areas, and as such, the measured 

concentrations of copper and nickel appear to represent background surface water quality conditions, as 

discussed in Section 6.3.2. 
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7.0 CONTAMINANT FATE AND TRANSPORT 

This section addresses contaminant fate and transport processes, including source control and 

transport/attenuation processes.  The discussion in this section is focused on general fate and transport 

processes associated with affected media.  Discussion of Site-specific contaminants and sources, and 

contaminant fate and transport are presented in Section 8.0. 

 

7.1 SOURCE CONTROL 

Source control addresses the elimination of releases from Site operations that resulted in 

contamination of affected media.  Source control for each affected area identified in Section 6.1 is 

discussed in the following sections. 

 

7.1.1 FORMER GASOLINE UST AREA 

The UST, associated piping, and dispenser island that represent the original source of the 

gasoline-range petroleum hydrocarbon contamination present at the Site was removed in 1993.  As a 

result, an ongoing release of gasoline contamination to the Site is not occurring. 

Although free-phase NAPL has not been detected in Site monitoring wells, residual NAPL and 

elevated soil concentrations remain within the smear zone located near the water table.  Residual NAPL 

can release gasoline-range petroleum hydrocarbon contamination to groundwater and soil gas for many 

years, and as such, represents an ongoing source of contamination.  

 

7.1.2 CATCH BASIN NO. 2 AREA 

Source control for the Catch Basin No. 2 Area was implemented in 2001 and 2002.  Accumulated 

sediment was removed from the open-bottom catch basin in 2001.  Analytical results for a soil sample 

collected from the base of the catch basin following removal of the accumulated sediment indicated that 

diesel-range petroleum hydrocarbons, copper, and mercury were present in the soil at concentrations 

exceeding the soil screening levels.  In 2002, the open-bottom catch basin was removed and replace with 

a closed-bottom Type II catch basin to prevent further releases to the subsurface. 

 

7.1.3 NORTH AND SOUTH WORK YARD AREA 

The only known contaminant source in the North and South Work Yard Area was surface 

releases of heavy metals related to historical boat maintenance activities.  The South Yard is currently 

paved and stormwater is actively managed and treated by Seaview Boatyard North under its NPDES 

permit.  The smaller North Work Yard is not paved, but boat maintenance activities conducted in this area 
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use BMPs, including the use of tarps to catch hull scrapings and paint, and vacuum sanders to limit 

particulate emissions; sheet flow during large storm events from this area flows south in the direction of 

the closed-loop boatyard waste water treatment system and the bioswale.  Based on the extent of paving, 

active stormwater management/treatment, and application of boatyard BMPs, adequate source control is 

being applied and ongoing releases that caused existing contamination in this area are no longer 

occurring. 

 

7.1.4 NORTHEAST WORK YARD AREA 

Similar to the South Work Yard, contamination in the Northeast Work Yard likely resulted from 

historical boat maintenance activities, including sand blasting activities.  The area is currently paved, and 

stormwater is being actively managed.  As a result, it is concluded that ongoing releases that caused 

existing contamination in this area are no longer occurring. 

 

7.1.5 DA-101/102 AREA 

Low level TCE soil contamination in the DA-101/102 Area appears to have resulted from 

releases associated with drums of liquid boat maintenance wastes that were temporarily stored near this 

location.  The drums and associated wastes were removed by the Port in 2001.  As a result, ongoing 

releases in this area are not occurring. 

 

7.1.6 MARINE AREA 

The primary source of contamination in the Marine Area was the release of boat maintenance 

waste and associated stormwater to the former marine railway well.  A secondary source appeared to be 

uncontrolled stormwater and hull cleaning water released in the vicinity of the 30-ton travel lift piers.  

The marine railway was removed and contaminated soil and marine sediment present in the marine 

railway well was remediated, during the sediment interim action and Site redevelopment.  The current 

tenant also installed curbing and other stormwater controls to prevent the release of stormwater and hull 

cleaning water from being discharged to surface water.  As previously discussed, the current tenant also 

installed a zero discharge, closed-loop boatyard wash water treatment system to treat contact water 

associated with boat hull cleaning and a bioswale to treat stormwater from the South Work Yard.  Based 

on these actions, the releases to the Marina Area that caused Site marine sediment contamination are no 

longer occurring.  
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7.2 TRANSPORT AND ATTENUATION PROCESSES 

Attenuation and transport processes are generally media and contaminant specific.  Site 

contaminants are limited to heavy metals, VOCs, and petroleum hydrocarbons.  Attenuation and transport 

processes associated with these contaminants are discussed for each affected media in the following 

section. 

 

7.2.1 SOIL 

The transport of heavy metals in soil is limited for most metals.  The primary transport 

mechanism is dissolution from solid to liquid phase through either direct contact with groundwater or via 

stormwater infiltration through affected soil and unsaturated flow transport to the uppermost groundwater 

unit.  The heavy metals often associated with boat maintenance activities, such as copper, lead, nickel, 

and zinc, are often in a low solubility form, and when limited to shallow soil above the groundwater table, 

do not typically result in sufficient dissolution and transport to cause groundwater contamination.  

Additional transport can occur through anthropogenic activities, such as excavation or grading, which 

have the potential to relocate contamination to greater depths, unaffected areas, or to offsite locations. 

Metals typically attenuate very rapidly in soil.  Metals tend to strongly partition to soil, so metal 

concentrations in soil typically decrease rapidly with distance from the source.  This characteristic is 

evident in Site data which indicate a rapid decrease in concentrations with depth at locations where 

vertically discrete samples were analyzed.   

The transport of petroleum hydrocarbon contamination in soil can occur through multiple 

mechanisms and multiple phases.  The most direct transport mechanism is the migration of NAPL 

downward through the unsaturated zone until the groundwater table is intersected.  Because petroleum 

hydrocarbon NAPL products are primarily lighter that water [(light non-aqueous phase liquid (LNAPL)], 

the NAPL tends to migrate on top of the water table surface in the downgradient direction until the 

driving force for migration (the release) is eliminated.  Once in the subsurface, petroleum hydrocarbon 

NAPL often releases dissolved-phase contamination to groundwater either through direct contact with 

groundwater or as the result of stormwater infiltration through the affected soil.  Petroleum hydrocarbon 

NAPL and residual petroleum hydrocarbons in groundwater and soil that contain VOCs, such as gasoline 

and diesel, also release contaminants to soil vapor.  The transport of petroleum hydrocarbon soil 

contamination from soil to soil gas and groundwater can continue for many years if the NAPL source 

material is not removed. 

Petroleum hydrocarbon soil contamination typically attenuates rapidly with distance from the 

source.  The rate of attenuation is typically more rapid for heavier petroleum hydrocarbon products, such 

as oil, and the least rapid for the lighter fraction products such as gasoline.  The difference in attenuation 



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 7-4 LANDAU ASSOCIATES 

rates results from a combination of factors, including viscosity, solubility, volatility, biological activity, 

and the cleanup levels that must be achieved.  In general, soil cleanup levels are achieved immediately 

outside an area affected by diesel- or oil-range NAPL contamination, while gasoline-range petroleum 

hydrocarbon soil contamination can extend further beyond the extent of NAPL, in part because of the 

physical properties of the petroleum product (e.g., gasoline can migrate farther in the vapor phase), and 

partially because the screening level for gasoline-range petroleum hydrocarbons is much lower so 

exceedances extend farther from the source. 

 

7.2.2 GROUNDWATER 

The transport of heavy metals in groundwater typically occurs in an aqueous, ionic form, 

although metals can also migrate in colloidal form.  Metals transported in groundwater attenuate with 

distance from the source, primarily through dispersion and absorption.  The rate of metals absorption is 

affected by pH, oxidation reduction potential (ORP), and in some cases salinity.  The factors affecting 

absorption, and the degree to which absorption occurs, vary greatly with the specific metal.   

The transport of petroleum hydrocarbons in groundwater is affected by various processes, 

including absorption, dispersion, and biological decomposition.  These attenuation factors are collectively 

referred to as natural attenuation, and are most effective in an aerobic (oxygen-rich) environment.    

The attenuation of heavy metals and petroleum hydrocarbons is heavily influenced by 

hydrodynamic dispersion in a tidally-influenced groundwater regime such as that present at the Site.  

Hydrodynamic dispersion in groundwater subjected to tidal fluctuations is greatly increased due to the 

mixing of surface water and groundwater in the vicinity of the shoreline.  In addition to the direct mixing 

of groundwater and surface water, the fluctuation of groundwater elevations can cause “tidal pumping” of 

soil gas in the unsaturated zone.  Tidal pumping results in greater air/soil gas exchange and a more 

oxygen-rich subsurface environment, which in turn supports greater absorption for most metals and 

greater aerobic decomposition of petroleum hydrocarbons.  These enhanced aerobic conditions are 

evidenced by the natural attenuation data collected in the vicinity of the former UST and presented in 

Section 6.3.1. 

In general, BTEX and VOC compounds possess unique chemical properties that create some 

variability in fate and transport for of each VOC once released into the environment, particularly to 

groundwater.  However, VOCs are highly susceptible to volatilization and dissolution.  As VOC 

compounds are generally soluble and do not exhibit the tendency for sorption to soil matrices, they can be 

relatively mobile in groundwater (Patrick 1987).  However, naturally-occurring bacteria often degrade 

BTEX compounds relatively rapidly, and to a lesser degree other VOCs such as chlorinated solvents 

(EPA 1999). 
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7.2.3 MARINE SEDIMENT 

Transport mechanisms for contaminants in sediment include suspension and redistribution 

through wave action and bioturbation.  Because the Site is located in a quiescent marina protected by a 

breakwater, there is no exposure to wind-generated wave action.  As a result, marine sediment 

contaminant transport is largely limited to boat wake and prop wash transport disturbance.  The limited 

area over which contaminants were distributed during historical boatyard activities supports the 

conclusion that suspension and redistribution of marine sediment contamination from boat wake and prop 

wash disturbance is not a significant transport mechanism. 

Vertical redistribution of marine sediment contamination occurs through bioturbation by benthic 

organisms in conjunction with accumulation of new sediment.  Physical observations of the marine 

sediment in the Marine Area during the 2009 compliance monitoring event show that at least 10 cm of 

sediment has been deposited within the dredge prism following the interim action.  The observations are 

based on visible contrast between the gravelly sand used to backfill the western portion of the dredge 

prism during the interim action and the overlying fine-grained sediment at three compliance monitoring 

locations.  Three 2009 compliance monitoring samples, SPM-1-09, SPM-2-09, and SPM-13-09 were 

collected from the backfill area.  At sample locations SPM-1-09 and SPM-2-09, only fine-grained 

sediment (silt) was encountered in the 12 cm surface sediment samples.  At sample location SPM-13-09, 

silt was observed to a depth of 10 cm and a medium to coarse sand (interim action backfill) was observed 

below 10 cm.   
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8.0 CONCEPTUAL SITE MODEL 

Historical Site activities, environmental data, and the physical processes that control the fate and 

transport of contaminants were used to develop the conceptual Site model (CSM).  The CSM describes 

the Site contaminant sources, fate and transport processes, migration pathways, and potential receptors.  

The CSM includes elements that address releases associated with historical boatyard activities, the former 

gasoline UST, the marine area (marine sediments), and the bulkhead area discussed below. 

 

8.1 HISTORICAL BOATYARD ACTIVITIES 

As discussed in Section 7.1, contamination in the North, South, and Northeast Work Yards; the 

DA-101/102 Area; and the Catch Basin No. 2 Area, are associated with historical boatyard activities.  In 

shallow soil, contamination is mostly heavy metals and oil-range petroleum hydrocarbons, and available 

data appear to support the conclusion that surface soil contamination is not causing groundwater 

contamination.  However, the amount of groundwater quality data in the Northeast and South Work Yards 

is limited.  As a result, some potential exists that available data are not fully representative of 

groundwater quality, and groundwater could be affected by dissolved metals that leached from affected 

shallow soil.    

Because only shallow soil is affected by historical boatyard activities, the primary transport 

mechanism is stormwater transport via overland flow.  However, the Site is entirely paved except for the 

North Work Yard, so the majority of soil potentially affected from historical boatyard activities is not 

exposed to stormwater transport.  Although the surface of the North Work Yard is unpaved, stormwater 

rapidly infiltrates and stormwater runoff from this area only occurs during extreme rainfall events; runoff 

from this area reportedly flows to the south, toward the bioswale.  As a result, there is very limited 

potential for transport of contamination resulting from historical boatyard activities to occur as the result 

of stormwater transmission.  Additionally, heavy metal contamination is not significantly affected by 

physical, chemical, or biological degradation processes, and will likely remain relatively unchanged from 

its current form.  Oil-range petroleum hydrocarbon contamination can be affected by these degradation 

processes over an extended period of time, so some reduction in concentrations may occur over a long 

period of time. 

Based on the use of paint and paint-related solvents in the construction, repair, and maintenance 

of boats, VOCs were likely used at the Site during historical operations.  VOCs can be transported 

through the subsurface via soil vapor or groundwater migration.  VOC soil vapor and groundwater 

contamination and migration could occur if significant releases of VOCs associated with historical 
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boatyard activities occurred, as is discussed on the following section for gasoline-range petroleum 

hydrocarbons.   

Only low concentrations of a limited number of VOCs not related to gasoline-range petroleum 

hydrocarbons have been detected in Site soil and/or groundwater sampled away from the buildings, but 

VOCs have not been sampled within the building.  VOCs that may have been released within the 

buildings have similar physical properties as benzene, and as such, have similar transport mechanisms.  

Therefore, discussion of pathways for benzene in the following paragraphs would apply to other VOCs 

released in the building, if identified. 

Potential receptors that could be exposed to contamination associated with historical boatyard 

activities include Site workers or public users of the current boatyard that contact contaminated soil, or 

construction workers that come into contact with contaminated soil during intrusive activities. 

Figure 30 illustrates the CSM for upland contaminant releases associated with historical boatyard 

activities. 

 

8.2 FORMER GASOLINE UST 

Contamination associated with releases from the former gasoline UST has affected soil, 

groundwater, and soil vapor.  Residual LNAPL is likely present in the vicinity of the former tank, and is 

an ongoing source of groundwater and soil vapor contamination.  Contamination consists of  

gasoline-range petroleum hydrocarbons and associated BTEX compounds.   

Because only residual LNAPL remains, the extent of LNAPL is not expected to migrate further.  

Groundwater contamination originating from soil containing residual LNAPL migrates with groundwater 

flow toward the shoreline to the west.  However, natural attenuation, primarily through biodegradation, 

appears to be occurring and gasoline-range petroleum hydrocarbons, including BTEX, are not above 

reporting limits within 60 ft of visual and olfactory evidence of contamination.  Biodegradation is likely 

enhanced in the shoreline vicinity by the frequent recharge of atmospheric oxygen to the unsaturated zone 

caused by “tidal pumping”; tidal pumping results in the displacement and replacement of soil gas in the 

unsaturated zone through alternating high and low tides.  

Due to the volatile nature of gasoline-range petroleum hydrocarbons and associated VOCs, 

contamination will also migrate via the soil vapor pathway.  Soil vapor generally migrates upward, but 

will also move laterally if it encounters a low permeability barrier to upward migration.  Soil vapor 

ultimately discharges to the atmosphere. 

Potential receptors for contamination originating from the former gasoline UST include 

construction workers that contact contaminated soil, groundwater, or soil vapor during intrusive activities; 

Site workers or the general public exposed to soil vapors that intrude into Site buildings; and, aquatic 
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organisms that are exposed to affected groundwater that discharges to surface water, although Site data 

indicate that gasoline-affected groundwater is not reaching surface water. 

Figure 30 illustrates the CSM for releases associated with the former gasoline UST. 

 

8.3 MARINE SEDIMENT 

Marine sediment Site screening levels based on the SMS SQS were achieved as a result of the 

sediment interim action conducted for the Site (Table 10).  The upland source of marine sediment 

contamination was eliminated when the marine railway was removed and the new tenant installed a 

closed-loop wash water collection and treatment system near the shoreline for hull washing operations.  

Additionally, the sheet pile bulkhead reduces groundwater discharge through marine sediment, which 

minimizes the potential for groundwater quality to affect sediment quality.  Additionally, no hazardous 

substances were detected in groundwater in the bulkhead vicinity at concentrations that exceed 

groundwater screening levels protective of marine sediment (Table 6).  Based on these considerations, 

sediment is not considered a media of concern for the Site.  

Figure 30 illustrates the CSM for Site marine sediment. 

 

8.4 BULKHEAD AREA 

As previously discussed in Section 6.3.2, elevated nickel, zinc, and possibly copper groundwater 

concentrations in the vicinity of the shoreline appear to result primarily from dissolution (corrosion) of 

the galvanized protective coating for the steel sheet pile bulkhead and associated tieback anchors rather 

than from historical boatyard operations.  Although they appear to be largely unrelated to Site releases, 

elevated metal concentrations in groundwater are addressed as constituents of concern for the Site and are 

shown in the CSM. 

The bulkhead galvanized coating contains high concentrations of zinc and lesser concentrations 

of nickel and possibly copper.  The galvanized coating is added to marine steel structures to provide 

protection against the highly corrosive properties of sea water.  The galvanized coating protects the 

underlying steel and also preferentially corrodes relative to steel, acting as a sacrificial anode.  This 

corrosion process results in metals from the galvanized coating solubilizing into adjacent groundwater, 

resulting in elevated groundwater concentrations.  Corrosion will continue through the life of the 

bulkhead system, although the concentration of zinc released (as well as nickel and possibly copper) will 

likely decrease after a number of years as the galvanized coating is depleted. 

Groundwater flows from the inland direction to its point-of-discharge to surface water at the 

shoreline.  The galvanized steel bulkhead inhibits and focuses groundwater discharge to surface water.  

The only known point of measurable Site groundwater discharge to surface water is through a bulkhead 
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weep hole located between the two 30-ton travel lift piers, although minor seepage through other weep 

holes and wetting at some bulkhead sheet pile joints have also been observed; discharge around the ends 

of the bulkhead is also possible.  Significant mixing of marine surface water and groundwater water 

occurs within the shallow groundwater unit in the vicinity of the shoreline due to tidally induced 

hydrodynamic dispersion.  Based on available data, hydrodynamic dispersion reduces groundwater 

concentrations of zinc and nickel to below the screening levels prior to groundwater discharge to surface 

water; the copper groundwater concentrations are similar to the surface water background concentrations 

of copper in the marina, so marine surface water appears to be, at least in part, the source of elevated 

copper concentrations detected in groundwater.   

Potential receptors for groundwater are aquatic organisms exposed to groundwater discharged 

from the bulkhead weep hole(s) and benthic organisms in sediment through which impacted groundwater 

moves.  Because the subject metals do not tend to bioaccumulate at concentrations that would affect 

higher order aquatic organisms, food chain affects from affected organisms would not be anticipated.  

Additionally, because the metals concentrations are at or below the screening levels or background 

concentration (for copper), contact with potential receptors at concentrations of concern would be limited 

to the immediate vicinity of the location(s) where groundwater discharges to surface water.   

 

8.5 CURRENT SITE ACTIVITIES 

The Site is currently occupied by Seaview Marine, operating as Seaview Boatyard North, a 

company that performs general boat repair activities.  Seaview Boatyard North has occupied the Site since 

2004 and operates under a NPDES general boatyard permit, as described in Section 4.1.5.  Based on 

available NPDES monitoring data, the primary potential contaminants associated with current operations 

are copper and zinc, which are problematic for all boatyards and urban stormwater in general.  The 

primary potential transport mechanism is stormwater runoff and discharge to surface water via the current 

stormwater system.  As discussed in Section 4.1.5, Seaview Boatyard North has implemented a number of 

BMP and stormwater treatment system improvements to address current operations, and current 

operations will continue to be regulated under the NPDES regulations administered by Ecology.  

 

8.6 RI CONCLUSIONS 

In summary, major data gaps that were identified prior to implementation of the RI have been 

filled and sufficient data are available to develop and evaluate remedial alternatives for the Site.  

Additional data will be collected during the remedial design process, as necessary, based on the final 

cleanup action selected by Ecology.  Additional investigation will likely include further evaluation of the 

presence of LNAPL in the vicinity of the Former Gasoline UST Area, evaluation of potential VOC and 
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lead concentrations in groundwater, and assessment of VOC soil gas concentrations, as discussed in 

subsequent sections of this report. 
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9.0 CLEANUP REQUIREMENTS 

This section identifies regulatory cleanup requirements through the development of preliminary 

Site cleanup standards and RAOs, and the identification of other potentially applicable laws and 

regulations.   

 

9.1 CLEANUP STANDARDS 

This section develops preliminary Site cleanup standards for chemical constituents that were 

detected in affected Site media.  Cleanup standards consist of 1) cleanup levels defined by regulatory 

criteria that are adequately protective of human health and the environment and, 2) the point of 

compliance at which the cleanup levels must be met.  The cleanup standards developed in this section are 

used as the basis for developing media-specific RAOs for the cleanup action.   

 

9.1.1 DEVELOPMENT OF CLEANUP LEVELS 

The cleanup levels for affected media will be selected by Ecology and presented in the Site CAP.  

However, it is necessary to identify PCLs to develop, and evaluate the effectiveness of, cleanup action 

alternatives for the FS.   

Cleanup levels for affected media developed under MTCA represent the concentration of COC 

that are protective of human health and the environment for identified potential exposure pathways, based 

on the highest beneficial use (HBU) and the reasonable maximum exposure (RME) for each affected 

media.  The process for developing cleanup levels consists of identifying the HBU and RME for affected 

media, determining those that represent the greatest risk to human health or the environment, and 

determining the cleanup levels for the COC in affected media. 

PCLs are only developed for Site soil, groundwater, and marine sediment because these are the 

only media that have been affected by Site releases.  However, other media are discussed in this section to 

provide the reader an understanding of the media considered. 

 

9.1.1.1 Groundwater 

Based on the potential exposure pathways established and receptors discussed in Sections 5.1 

and 5.2, the HBU for groundwater is considered discharge to surface water (i.e., Bellingham Bay).  Based 

on a groundwater HBU of discharge to Bellingham Bay, the RME for groundwater is the more 

conservative of 1) uptake by aquatic organisms based on aquatic water quality criteria, or 2) ingestion of 

affected aquatic organisms by humans.  As a result, federal [National Toxics Rule (40 CFR 131.36) and 

National Recommended Water Quality Criteria (EPA 2006)] and state (MTCA Method B formula values 
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and Chapter 173-201A) surface water criteria, based on human consumption of fish, and federal [National 

Recommended Water Quality Criteria (EPA 2006)] and state (MTCA Method B formula values and 

Chapter 173-201A) surface water quality criteria protective of aquatic life, were evaluated as potential 

cleanup levels for groundwater.   

Since TPH do not have surface water criteria and because existing data shows that TPH in 

groundwater does not extend to surface water, MTCA Method A groundwater cleanup levels were used 

for these constituents.  The groundwater to vapor pathway was also considered for VOCs due to the 

potential intrusion of soil vapor into Site buildings, as discussed in Section 5.3.1.  Potential gasoline-

range petroleum hydrocarbon vapor migration was evaluated using equations provided in MTCA and in 

Ecology’s recently issued draft guidance (Ecology 2009).  The most stringent of the applicable criteria, 

adjusted to the PQL or background concentrations, if appropriate, is identified as the Site groundwater 

PCL. 

As shown in Table 13, at least one groundwater sample exceeded the PCL for gasoline-range 

petroleum hydrocarbons, benzene, o-xylene, copper, nickel, and zinc.  As discussed in Section 6.3.2, 

exceedances of the PCLs for copper, nickel, and zinc occurred within 45 ft of the shoreline and the 

elevated zinc and nickel concentrations appear to be primarily related to the dissolution (corrosion) of the 

galvanized steel bulkhead system rather than releases associated with Site activities.  The elevated copper 

concentrations near the shoreline appear to primarily result from copper background concentrations in 

surface water, but may partially originate from elevated concentrations in groundwater near the shoreline.  

Regardless of source, copper, nickel, and zinc are carried forward as COCs for Site groundwater, which 

are summarized in Table 14. 

 

9.1.1.2 Soil 

Based on the potential exposure pathways established and receptors discussed in Sections 5.1 

and 5.2, the HBU for soil is considered unrestricted site use.  Although the Site may meet the criteria for 

industrial use, the Port does not want to restrict its future options for Site use.  Based on a soil HBU of 

unrestricted site use, the RME for soil is the more conservative of 1) direct ingestion of soil or inhalation 

of soil vapors, or 2) impacts to surface water and the associated exposures described in the preceding 

section.  The exception to this HBU determination is for soil cleanup levels based on the vapor migration 

pathway, which is discussed in the following section.   

Uptake of constituents in Site soil or groundwater by terrestrial plants and animals is not 

considered a potential exposure pathway for Site soil.  The Site qualifies for an exclusion under 173-340-

7491(1)(c)(i) because there is less than 1.5 acres of contiguous undeveloped land within 500 ft of the Site, 

so a terrestrial ecological evaluation is not required.   
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Based on an HBU of unrestricted Site use, MTCA Method B standard formula values for direct 

contact and MTCA soil concentrations for surface water protection, calculated using the  

3-phase partitioning model (equation 747-1), were evaluated as potential cleanup values for soil.  In the 

event that a particular constituent did not have an associated MTCA Method B screening value, MTCA 

Method A soil cleanup levels for unrestricted site use were used as soil screening levels for these 

constituents.  The most stringent of the applicable criteria, adjusted for soil background concentrations or 

the PQL, as appropriate, is identified as the Site soil PCL.   

The soil cleanup value based on protection of surface water was not identified as the soil PCL for 

constituents that were not detected in any groundwater samples at concentrations exceeding the 

groundwater PCL as provided for in WAC 173-340-747(3)(f).  In these circumstances, direct contact was 

used as the basis for the soil PCL.  This adjustment to the PCL eliminated mercury and TCE as COCs for 

soil.   

As shown in Table 15, at least one sample exceeded one or more applicable criteria for gasoline-

range petroleum hydrocarbons, diesel-range petroleum hydrocarbons, BTEX, copper, nickel, lead, and 

zinc.  The identification of diesel-range petroleum hydrocarbons and lead as COCs is based on 

exceedance of MTCA Method A soil cleanup levels for unrestricted land use.  The identification of the 

remaining constituents as COCs is based on protection of surface water, or on the protection of indoor air 

quality as discussed in the following section.  These constituents are carried forward as COCs for Site soil 

as summarized in Table 14. 

 

9.1.1.3 Soil Vapor 

The soil vapor migration pathway is a pathway of concern whenever VOCs are present in 

subsurface soil.  This pathway is of primary concern at the Site if the current buildings remain.  Under 

current redevelopment scenarios, new buildings would be located at a distance from the source area, 

which would significantly lessen the threat for this exposure pathway.  However, even if the buildings are 

relocated, soil vapors could migrate significant distances laterally under a low permeability cap and 

potentially intrude into either the new buildings or other structures located at moderate distances from the 

source area.  As a result, cleanup levels protective of the soil migration pathway must be developed for 

VOCs present in Site soil regardless of the future development scenario. 

The Site is zoned commercial, although the property to the north and east are zoned industrial.  

As specified in WAC 173-340-745(1)(i), industrial cleanup levels may be appropriate for properties not 

specifically zoned industrial if the Site use is consistent with “traditional industrial use,” and identifies the 

following characteristics as indicative of industrial use: 

 People do not live on the property 
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 Access to the property by the general public is not generally allowed 

 Food is not grown/raised on the property 

 Operations are often characterized by use and storage of chemicals, noise, odors, and truck 

traffic 

 The land surface is mostly covered by buildings and paved surfaces, minimizing potential 

exposure to soil 

 Commercial support facilities such as offices and restaurants are primarily intended to serve 

the industrial facility and not the general public. 

Operations at the Site exhibit the characteristics listed above.  Nevertheless, the Port does not 

want to restrict potential future use of the property to industrial activities only, therefore unrestricted site 

use criteria will be used to address the soil vapor pathway.   

 

9.1.1.4 Marine Sediment 

As previously discussed, marine sediment is not considered a Site media of concern because no 

hazardous substances exceeded the Site screening levels following the interim action and subsequent 

natural recovery.  However, screening levels for sediment COCs identified in Section 6.4 (mercury, zinc, 

acenaphthene, flourene, phenanthrene, fluoranthene, and dibenzofuran) are carried forward as PCLs for 

Site marine sediment to document the basis for cleanup of Site sediment, and to provide criteria for 

comparison of sediment quality data if sediment quality is evaluated during future five year reviews for 

the Site. 

 

9.1.1.5 Surface Water  

Site surface water is not considered a media of concern under present Site conditions, provided 

cleanup actions developed in Section 10.0 adequately address the discharge of affected groundwater to 

surface water.   

 

9.1.1.6 Air 

Gasoline-affected soil and groundwater in the vicinity of the former UST represent the only Site 

release with the potential for affecting air quality.  As a result, vapor intrusion through building floor 

slabs is considered the only potential air exposure pathway for the Site.  The vapor migration pathway is 

addressed in the evaluation of appropriate Site soil and groundwater PCLs in Sections 9.1.1.1 and 9.1.1.2 

above, and further evaluation of the vapor migration pathway is not needed for the RI/FS.  However, 

additional characterization of soil vapor will be conducted during the remedial design for the final 

cleanup action. 
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9.1.2 POINTS OF COMPLIANCE 

Under MTCA, the point of compliance is the point or location on the Site where the cleanup 

levels must be attained.  The point(s) of compliance for affected media will be selected by Ecology and 

presented in the Site CAP.  However, it is necessary to identify proposed point(s) of compliance to 

develop, and evaluate the effectiveness of, cleanup action alternatives in the FS.  As a result, the proposed 

points of compliance for soil, groundwater, air, and marine sediment are identified in this section. The 

point of compliance for surface water is not discussed because it is not a media of concern based on 

existing Site conditions. 

 

9.1.2.1 Soil 

The point of compliance for soil, as established in WAC 173-340-740(6), is throughout the Site.  

MTCA recognizes that for those cleanup actions that involve containment of hazardous substances, the 

soil cleanup levels will typically not be met throughout the Site [WAC 173-340-740(6)(f)].  However, 

MTCA also recognizes that such cleanup actions may still comply with cleanup standards.  The 

determination of the adequacy of soil cleanup will be based on the remedial action alternative’s ability to 

comply with groundwater cleanup standards for the Site, to meet performance standards designed to 

minimize human or environmental exposure to affected soil, and to provide practicable treatment of 

affected soil.  Performance standards to minimize human and environmental exposure to affected soil 

may include institutional controls that limit activities that interfere with the protectiveness of the remedial 

action.  Specific actions are described in the FS, which is presented in subsequent sections of this report.   

 

9.1.2.2 Groundwater 

A proposed point of compliance needs to be identified for one of the two areas of the Site 

exhibiting groundwater concentrations above the proposed cleanup levels.  A proposed point of 

compliance is established below for the former gasoline UST area, which is identified as a Site Unit in 

Section 10.0 for use in developing and evaluating remedial action alternatives.  A point of compliance is 

also required for metals contamination in groundwater related to the boat maintenance work yards, which 

is also identified as a Site Unit in Section 10.0.   The proposed point of compliance, or monitoring point, 

for these areas, as applicable, are discussed below. 

 

Former Gasoline UST Area 

The point of compliance for groundwater is typically throughout the Site when the HBU is 

drinking water.  However, Ecology may approve a conditional point of compliance as close as practicable 

to the source, not to exceed the property boundary, if it can be demonstrated that it is not practicable to 
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meet the cleanup level throughout the Site within a reasonable restoration timeframe [WAC 173-340-

720(8)(c)].  As such, the point of compliance for groundwater in the former gasoline UST area can vary 

from throughout the Site to the downgradient property boundary at the bulkhead, depending on the 

elements of the remedial alternative identified as the most practicable for the area.  If the most practicable 

remedial alternative for the subject area includes removal or treatment of the source area such that 

groundwater cleanup levels are achieved throughout the affected area within a reasonable restoration 

timeframe, the groundwater point of compliance will be throughout the Site.  However, if the most 

practicable remedial alternative includes containment/treatment of the source area, a conditional point of 

compliance may be established as close as practicable to the source area.   

 

Work Yard Area 

As discussed in Section 6.3.2, the probable primary source of the elevated zinc and nickel 

concentrations in groundwater near the shoreline is dissolution (corrosion) of the galvanized coating on 

the bulkhead and associated tieback anchors that were installed during redevelopment of the Site in 

2003/2004, although it is possible that leaching of metals from soil contaminated by boat maintenance 

activities in the Site work yards may also have contributed to elevated metals concentrations in 

groundwater.  Elevated copper concentrations appear to be related to background surface water 

concentrations of copper in the marina.  Copper is the only metal that has exceeded the groundwater 

screening levels at the point of groundwater discharge to surface water (the bulkhead weep hole).  Based 

on these considerations, it appears that groundwater cleanup standards for copper, nickel, and zinc can be 

achieved for the work yard area using a conditional point of compliance at the shoreline, provided 

background surface water quality for metals is taken into consideration. 

 

9.1.2.3 Air 

The point of compliance for air, based on WAC 173-340-750 (6), is ambient air throughout the 

Site.   

  

9.2 REMEDIAL ACTION OBJECTIVES 

RAOs define the goals of the cleanup that must be achieved to adequately protect human health 

and the environment.  RAOs must address all affected media, and a cleanup alternative must achieve all 

RAOs to be considered a viable cleanup action.  RAOs can be either action-specific or media-specific.  

Action-specific RAOs are based on actions required for environmental protection that are not intended to 

achieve a specific chemical criterion.  Media-specific RAOs incorporate the PCLs developed in 

Section 9.1.  Based on the characterization of Site conditions presented in Section 6.0 and the cleanup 
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standards developed in Section 9.1, the action-specific and media-specific RAOs identified for the Site 

consist of: 

 RAO-1: Prevent direct human contact with soil containing hazardous substances above the 

direct contact soil cleanup level.  . 

 RAO-2: Prevent human ingestion of and direct contact with Site groundwater containing 

COCs above groundwater cleanup levels based on human consumption.   

 RAO-3: Prevent the exposure of marine aquatic organisms to hazardous substances at 

concentrations above the groundwater cleanup levels based on protection of marine surface 

water.   

 RAO-4:  Prevent human inhalation of petroleum hydrocarbons and other VOCs.   

 RAO-5:  Protect marine sediment and associated marine benthic organisms from exposure to 

hazardous substances above the sediment cleanup levels through sediment recontamination 

by groundwater or entrained materials in stormwater.   

Each of these RAOs can be achieved through treatment (including active treatment and natural 

attenuation) or removal of the contaminated media (soil and/or groundwater), or by preventing exposure 

to the contaminated media through containment.  Each of the cleanup action alternatives described in 

Section 12.0 achieves these RAOs and meets all of the MTCA threshold requirements (described in 

Section 12.3); each alternative is therefore a viable cleanup alternative under MTCA.  The degree to 

which each cleanup action alternative meets the threshold requirements and other requirements listed in 

WAC 173-340-360(2) will be determined by applying the specific evaluation criteria identified in MTCA 

(Section 13.1).   

 

9.3 POTENTIALLY APPLICABLE LAWS 

In accordance with MTCA, cleanup actions conducted under MTCA shall comply with applicable 

state and federal laws (WAC 173-340-710(1)).  MTCA defines applicable state and federal laws to 

include legally applicable requirements and those requirements that are relevant and appropriate.  

Collectively, these requirements are referred to as applicable or relevant and appropriate requirements 

(ARARs).  This section provides a brief overview of potential ARARs for the Site cleanup.  The MTCA 

cleanup regulations (WAC 173-340) and the SMS regulation (WAC 173-204) are considered the 

governing regulations under which Site cleanup will be conducted, and as such are not considered 

ARARs.  The primary ARARs that may be applicable to the cleanup action include the following: 

 Washington Water Pollution Control Act (RCW 90.48) and Water Quality Standards for 

Surface Waters (Chapter 173-201A WAC) 

 Washington Hazardous Waste Management Act (RCW 70.105) and Dangerous Waste 

Regulations (Chapter 173-303 WAC) 
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 Federal Clean Water Act (CWA: 33 U.S.C. § 1251) and surface water quality criteria 

(40 CFR 131, CWA Section 304) 

 Shoreline Management Act (SMA; RCW 90.58) 

 Washington Clean Air Act, Chapter 70.94 RCW 

 State Environmental Policy Act (SEPA; RCW 43.21C and Chapter 197-11 WAC). 

State and federal surface water quality criteria are considered in the development of cleanup 

levels.  State Dangerous Waste Regulations may be applicable to contaminated soil removed from the Site 

during cleanup activities due to contamination characteristics.  The SMA may apply to implementation of 

a particular cleanup action, but does not directly influence the evaluation of the cleanup alternatives.  

Substantive SEPA requirements will be addressed concurrent with the Site CAP to the degree applicable 

for the selected cleanup action.   
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10.0 DESIGNATION OF SITE UNITS 

Where physical Site features, contaminant source or nature, or other relevant distinguishing 

factors apply, the definition of Site Units may be required.  Cleanup action alternatives are then 

independently developed and evaluated for each Site Unit for the FS.  A preferred alternative is developed 

by combining the most practicable alternative for each Site Unit into a Site-wide cleanup alternative.   

The Site contains three distinct areas that were affected by historical Site releases and warrant 

consideration as potential Site Units.  These three areas were identified during the RI as containing soil, 

groundwater, and/or marine sediment with constituent concentrations above PCLs.  These areas are 

designated as Site Units for the purposes of this FS, and the remedial alternatives developed and 

evaluated for Site cleanup will address each Site Unit, as applicable.  The identified Site Units are shown 

on Figure 31, along with the estimated Site boundary based on the extent of Site contamination identified 

in the RI.  The three applicable Site Units and associated affected media are: 

 The UST Site Unit, consisting of the former gasoline UST area (soil, soil vapor, and 

groundwater) 

 The Work Yard Site Unit, consisting of the North, South, and Northeast Work Yards (soil 

and groundwater) 

 The Marine Site Unit, consisting of the Marine Area (marine sediment). 

The Catch Basin No. 2 (CB-2) area also contained soil concentrations that exceeded the proposed 

cleanup levels.  However, the exceedances appear to be limited in both concentration and areal extent, 

and as such this area does not warrant designation as an independent site unit and is addressed as part of 

the Work Yard Site Unit.  However, the manner in which this area will be addressed as part of the cleanup 

action is addressed in Section 10.3. 

As noted on Figure 31, the UST and Work Yard Site Units overlap in a couple of locations.  

Although the Site Units overlap, the contamination associated with each Site Unit is separate and distinct.  

Contamination associated with the UST Site Unit is generally located at least 7 ft BGS and contamination 

associated with the Work Yard Site Unit is generally located within the upper 2 ft of soil.  As a result, the 

use of different technologies to address overlapping contamination between the Site Units for a given 

alternative does not cause conflict with implementation, although contamination conditions for both Site 

Units would need to be considered during design to effectively integrate the treatment technologies. 

 

10.1 INTEGRATION OF CLEANUP ACTION WITH FUTURE SITE 

REDEVELOPMENT 

Future Site redevelopment will include the demolition of existing Buildings 1, 2 and 3, and 

construction of a new building in the current Dry Storage Yard to create better access for maneuvering 
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vessels in the vicinity of the travel lift piers.  As of March 2014, the majority of Building 3’s above-grade 

structure has been removed.  The remains of the Building 3 and all of Building 2 will be removed by fall 

2014; the building’s floor slab will remain-in-place.  The timing of construction for the new building is 

uncertain; however, the approximate location and size of the planned building are provided on Figure 3 

(Riise 2014). 

Although the buildings will be demolished, the intent is for the building floor slabs to be retained 

for use in boatyard operations.  The preference for retaining the building floor slabs will be considered 

during the development, evaluation, and selection of remedial alternatives for the UST Site Unit and 

Work Yard Site Unit. 

 

10.2 FORMER GASOLINE UST AREA (UST SITE UNIT) 

Releases from the former gasoline UST formerly located on the north side of Building 1 impacted 

subsurface soil, groundwater, and soil vapor.  The former gasoline UST area (UST Site Unit) is defined as 

the area of subsurface gasoline-range petroleum hydrocarbon impacted soil and groundwater resulting 

from the UST releases, but may also include VOCs previously released in the building.  The UST Site 

Unit within the property boundary includes the area north of Building 1 and south of Squalicum Way, the 

area beneath the majority of Buildings 1 and 2, and likely some of the area beneath Building 3.  Soil 

contamination is generally limited to the water table smear zone located at a depth of 10 to 12 ft BGS.  

The approximate boundary of the UST Site Unit is shown on Figure 31.  Current and anticipated future 

use of the area of the UST Site Unit is commercial and light-industrial boat maintenance operations.   

 

10.3 NORTH, SOUTH, AND NORTHEAST WORK YARDS (WORK YARD 

SITE UNIT) 

The Work Yard Site Unit consists of the North, South, and Northeast Work Yards.  The North 

and South Work Yards consists of paved and unpaved boat maintenance areas west, southwest, and south 

of the Building 1, 2, and 3 complex.  The Northeast Work Yard is a formerly unpaved boat maintenance 

and sandblast area generally located to the east of Building 1.  The approximate limits of the Work Yard 

Site Unit are shown on Figure 31.   

Soil contamination in this area includes concentrations of copper, lead, nickel, and/or zinc above 

the PCLs.  Detected concentrations of these metals were highest in the Northeast Work Yard, which is the 

only area where soil concentrations (for lead) exceeded cleanup criteria based on direct contact.  

Preliminary soil cleanup level exceedances for copper, nickel, and zinc occurred at lower concentrations 

in the South and North Work Yards, although many of the samples tested from these areas were 
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composited, so soil metals concentrations at some individual locations could be higher than indicated by 

the analytical results. 

Diesel- and oil-range petroleum hydrocarbons and copper concentrations exceeded the PCLs in 

soil samples collected from the CB-2 location prior to replacement of the open-bottom catch basin with 

closed-bottom catch basin.  However, petroleum hydrocarbons were not detected in groundwater samples 

collected from monitoring well MW-9, located immediately downgradient from CB-2, and dissolved 

copper was detected at a concentration well below the proposed groundwater cleanup level.  Since the 

proposed soil cleanup levels for diesel- and oil-range petroleum hydrocarbons and copper are based on 

protection of groundwater, these results indicate that soil concentrations at the CB-2 location do not pose 

an unacceptable threat to human health or the environment.  As a result, the CB-2 area will not be 

specifically considered when evaluating remedial alternatives, but will be addressed with respect to soil 

management associated with any future intrusive activities that disturb soil in the CB-2 area. 

Copper, nickel, and zinc exceeded the groundwater screening level in samples collected from 

monitoring wells and borings located within about 100 ft of the shoreline in the Work Yard Site Unit.  

Groundwater quality farther inland partially relies on groundwater samples collected from temporary 

wells installed in borings rather than permanent groundwater monitoring wells, which may not represent 

the most reliable data.  As a result, it is assumed for the purposes of the FS that groundwater metals 

concentrations could be more elevated than indicated by available data throughout the Work Yard Site 

Unit.  However, because available data indicate that groundwater metals concentrations are not highly 

elevated in the Work Yard Site Unit, this assumption is addressed in the context of groundwater 

management related to future Site activities and not active remediation as part of one or more remedial 

alternatives. 

 

10.4 MARINE AREA (MARINE SITE UNIT) 

The Marine Area (Marine Site Unit) was delineated by the area of surficial marine sediment 

(upper 12 cm) containing mercury, and to a lesser extent residual PAHs and zinc, at concentrations 

exceeding the marine sediment PCLs immediately following implementation of the interim action.  

However, following natural recovery of residual contamination after the 2003/2004 interim action was 

completed the Marine Site Unit now meets SMS numeric benthic criteria.  However, it is still part of the 

Site and is addressed, where applicable, in the following sections.  

The Marine Area includes the area of Bellingham Bay west of the former Weldcraft facility 

uplands, bounded approximately by the shoreline to the north and east, the westerly extension of the 

southern upland Site boundary to the south, and extending about 200 ft to the west of the bulkhead, as 
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shown on Figure 31.  Current and anticipated future use in the Marine Site Unit includes commercial and 

recreational maritime activities associated with a large marina and a number of commercial businesses. 



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 11-1 LANDAU ASSOCIATES 

11.0 SCREENING OF REMEDIAL TECHNOLOGIES 

The purpose of the FS is to develop and evaluate cleanup action alternatives to enable an 

appropriate cleanup action to be selected for the Site.  Cleanup action alternatives are an assemblage of 

one or more cleanup activities that, taken as a whole, will achieve the RAOs for the entire Site or a Site 

Unit.  This section discusses the breadth of remedial technologies considered for implementation at the 

Site with discussion of whether they would be applicable to each Site Unit, and identifies the remedial 

technologies that are carried forward for development of the remedial alternatives in Section 12.0.  

Table 16 includes a description of the various technologies retained for each remedial alternative.   

As presented in Section 3.4, under the terms of the Agreed Order, an interim action removing 

contaminated sediment exceeding cleanup levels was implemented in the Marine Site Unit in 2003/04.  

The combination of the removal and the subsequent natural recovery of the minor post-interim action 

residual contamination achieved the sediment cleanup standards throughout the Marine Site Unit.  As a 

result, no additional technologies are considered for the Marine Site Unit and it is not discussed further in 

the FS.   

The following remedial technologies or response actions were screened for consideration in 

development of cleanup action alternatives for the UST and/or Work Yard Site Units, and were compared 

to the applicable RAOs.  Note that the RAOs are applicable to the UST and the Work Yard Site Units, 

except that RAO-4 is applicable only to the UST Site Unit. 

 

11.1 SOIL CONTAINMENT 

Soil containment would be achieved by maintaining pavement and/or building slab cover to limit 

potential future human exposure to residual contaminated soil and groundwater and minimize stormwater 

infiltration and recharge in the affected area.  Soil containment would achieve RAO-1 for both the UST 

and Work Yard Site Units.  It would also assist in achieving RAO-3, RAO-4, and RAO-5 by reducing the 

potential for leaching of contaminants from soil to groundwater, by inhibiting vapor migration to ambient 

air, and by reducing the amount of Site groundwater discharge to surface water.  This remedial 

technology is an effective remedy for preventing direct contact with contaminated soil and reducing 

infiltration when implemented in conjunction with institutional controls.  As the Site currently exists, an 

asphalt layer and building slabs cover most of the UST and Work Yard Site Units.  Though neither the 

asphalt pavement nor the building slabs are considered engineered caps, they provide adequate soil 

containment by limiting human exposure to contaminated soil and groundwater.  The existing asphalt 

pavement and slabs also minimize infiltration, and accordingly minimize the rate of groundwater 

recharge, by acting as low permeability layers.  Though some infiltration occurs through the asphalt layer, 
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this layer significantly reduces infiltration from what would occur if the Site were not paved or covered 

by concrete building slabs.  Considering these attributes of the existing pavement and concrete slabs, this 

technology is carried forward for further consideration. 

 

11.2 GROUNDWATER CONTAINMENT 

Groundwater containment would be achieved by installing a barrier to groundwater flow around 

the affected area in conjunction with a low permeability containment layer.  Groundwater extraction 

might also be required to maintain hydraulic containment.  The hydraulic barrier could be constructed 

using different technologies, such as sheet pile or bentonite slurry cutoff walls.  Containment would 

partially achieve RAO-1 and RAO-5, and would achieve RAO-3.  However, existing data indicate that 

gasoline-range petroleum hydrocarbon groundwater contamination does not extend a significant distance 

downgradient from the UST Site Unit source area and metals groundwater contamination associated with 

the Work Yard Site Unit achieves groundwater cleanup standards at the proposed conditional point of 

compliance at the shoreline.  As a result, groundwater containment does not appear necessary to protect 

downgradient receptors (i.e., aquatic organisms).  Additionally, the implementability for a cutoff wall 

would be very low due to utilities and other obstructions.  As a result, physical containment of 

groundwater was not carried forward as a viable technology in the FS.   

 

11.3 INSTITUTIONAL CONTROLS 

This technology would utilize restrictive covenants to achieve RAO-1 and RAO-2 site wide, in 

conjunction with maintaining a containment layer, by preventing Site activities that could lead to direct 

contact with contaminated soil or groundwater, or the ingestion of contaminated groundwater.  

Institutional controls could also be used to partially address RAO-4 by limiting uses at the Site.  

Institutional controls would include a soil and groundwater management plan that would identify the 

procedures for the management of potentially-contaminated soil and groundwater contained at the Site 

during post-cleanup action redevelopment or other activities that compromise the containment of these 

materials.  It should be stated that institutional controls alone cannot address the potential presence of 

LNAPL in the UST Site Unit.   

 

11.4 MONITORED NATURAL ATTENUATION (MNA) 

This technology would limit the UST Site Unit petroleum plume extent through natural processes 

to achieve RAO-2 (and RAO-3 and RAO-5, as applicable), and groundwater quality would be monitored 

to confirm its effectiveness.  This remedial technology is not impacted by the presence of surface 

impediments and is typically a cost-effective remedy.  Although historical Site monitoring indicates that 
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the gasoline petroleum hydrocarbon plume is stable, additional data would need to be collected during 

remedial design to confirm the effectiveness of natural attenuation processes at the Site.  If the source area 

is not removed as part of the cleanup action, this technology would not be used as a primary remedial 

technology, as MNA cannot provide a timely solution to high concentrations of hydrocarbons/VOC or 

address the existing presence of LNAPL.  However, it may be used as a supplemental technology in 

conjunction with a containment alternative.  If the source area is removed, MNA could be used as a 

supplemental technology to address residual contamination.  This technology is carried forward for 

further consideration. 

 

11.5 BIOREMEDIATION/ENHANCED MNA 

This technology expands on the MNA technology above by enhancing natural biological 

degradation of petroleum to more rapidly achieve RAO-3, RAO-5, and to a lesser degree RAO-4.  

Bioremediation can be used to enhance or stimulate the naturally-occurring aerobic or anaerobic 

biological processes through the introduction of oxidizing reagents, oxygen sources, nitrates, sulfates, 

and/or macro/micro nutrients into the source area to increase the rate of degradation of the petroleum 

constituents in groundwater.  Reagent or oxygen introduction can be accomplished by a direct-push 

injection program or through injection wells.  This technology is carried forward for further consideration 

related to the UST Site Unit; though it would not be able to address the potential presence of LNAPL in a 

timely manner. 

 

11.6 AIR SPARGE/SOIL VAPOR EXTRACTION (AS/SVE) 

AS/SVE is a proven technology combination for remediation of hydrocarbons and VOCs in 

groundwater and vadose zone soils, both in the dissolved phase and as LNAPL, by injecting compressed 

air below the groundwater table to strip volatile constituents out of groundwater followed by extraction of 

the volatilized gasoline constituents.  These technologies take advantage of the inherently volatile nature 

of VOCs and provide an avenue for phase change and thus product removal.  However, they have only 

shown limited success at treating sites with large quantities of free product.  AS can also help stimulate 

biological degradation by increasing DO levels in groundwater.  AS/SVE would address RAO-1, RAO-2, 

RAO-3, and RAO-5 (if applicable), and RAO-4 for the UST Site Unit (and is not applicable for the other 

Site Units).  Implementation would be limited only by the presence of surface or subsurface features (e.g., 

utilities, concrete slabs, etc.).  SVE would achieve RAO-4 for this area if the source is not removed to 

control indoor accumulation or offsite migration of soil vapor.  AS/SVE is carried forward for further 

consideration related to the UST Site Unit. 
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11.7 SOIL VAPOR CONTROL/MANAGEMENT 

If source removal or SVE treatment are not selected for cleanup of the UST Site Unit, other 

technologies would need to be employed to prevent indoor intrusion or offsite migration of soil vapor 

(i.e., achieve RAO-4).  There are several active and passive sub-grade vapor control technologies that 

may be appropriate for this application, such as sub-grade depressurization or passive venting.  Soil vapor 

control technologies are carried forward for further consideration related to the UST Site Unit.    

 

11.8 BIOSPARGING/BIOVENTING 

Biosparging/bioventing involves the slow introduction of air into groundwater and/or soil to 

stimulate aerobic microbial degradation of contaminants.  SVE would also be necessary to ensure that 

indoor air concentrations do not exceed applicable criteria, so the amount of equipment and infrastructure 

(and consequently cost) required for biosparging/bioventing is similar to that of AS /SVE.  Because 

biosparging/bioventing is a less aggressive technology than AS/SVE, the benefits of 

biosparging/bioventing are less than those for AS/SVE and the cost savings would be negligible.  

Consequently, this technology was not carried forward for further consideration in the FS. 

 

11.9 EXCAVATION 

Excavation and offsite disposal or treatment of hydrocarbons, VOCs, or metals contaminated soil 

is a viable and permanent remedial technology that would achieve RAO-1, RAO-2, RAO-3, RAO-4, and 

RAO-5 site wide.  This technology would be the most permanent solution for impacted soil and 

groundwater and would remove the potentially LNAPL present in the UST Site Unit.  However, it can 

only be implemented if Site buildings and associated building slabs are removed.  Excavation could be 

supplemented by MNA if residual groundwater impacts were identified after completion of excavation.  

Excavation and offsite disposal or treatment is carried forward for further consideration in the FS related 

to both the UST and Work Yard Site Units. 

 

11.10 DUAL-PHASE EXTRACTION (DPE) 

DPE would extract soil gas, groundwater, and free-phase product to treat the saturated and 

unsaturated zones in the UST Site Unit.  Due to the need for long-term treatment of significant quantities 

of groundwater generated through DPE and other pump and treat technologies, and for treatment of the 

exhaust air stream, more equipment and infrastructure (and consequently greater cost) is associated with 

this technology than for AS/SVE with no incremental increase in benefit.  Consequently, this technology 

was not carried forward in the FS as an ongoing technology option. 
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Though traditional DPE is not being considered, it is possible to implement DPE as an 

intermittent LNAPL recovery technology.  Under this scenario, a vactor truck periodically extracts soil 

gas, groundwater, and free-phase product from designated wells.  As the time between extraction sessions 

allows the potential LNAPL thickness in the well to rebound, this solution is both economical and  

labor-efficient, since each extraction session removes the maximum LNAPL thickness possible.  It also 

only requires minimal infrastructure, as only a well and vactor truck are necessary for implementation.  

Intermittent DPE is carried forward in the FS as an option to remove LNAPL in the UST Site Unit, if 

present. 

 

11.11 STABILIZATION 

Chemical stabilization of soil to inhibit leaching of metals to groundwater could be utilized to 

achieve RAO-2, RAO-3, RAO-4, and RAO-5 in the Work Yard Site Unit.  Chemical stabilization would 

not address LNAPL in the UST Site Unit, if present.  Available groundwater quality data do not indicate 

extensive leaching of metals soil contamination to groundwater is occurring, if at all, and the source area 

appears to be very diffuse throughout shallow Site soil.  As a result, stabilization is not considered an 

applicable technology for the Site and was not carried forward in the FS. 
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12.0 DESCRIPTION OF REMEDIAL ALTERNATIVES 

This section describes the cleanup alternatives selected for detailed evaluation.  Sufficient detail 

is included for each alternative to provide the reader a conceptual understanding of the design intent, 

which portion of the alternative is applicable for each Site Unit, and to provide an adequate basis for 

developing the associated cost estimates.   

Cleanup alternatives are developed for each Site Unit using one or more of the technologies 

described in Section 11.0.  The four remedial alternatives evaluated include: 

 Remedial Alternative 1 – Containment with Source Recovery 

- Recovery of LNAPL with intermittent DPE methods, if LNAPL is present in recoverable 

quantities (UST Site Unit) 

- Containment of gasoline-range petroleum hydrocarbon and VOC contaminated soil (i.e., 

BTEX), with soil vapor control if needed to manage affected soil vapor (UST Site Unit) 

- Containment of metals-contaminated soil (Work Yard Site Unit) 

- Soil, groundwater (potentially including porewater analysis), and soil vapor compliance 

monitoring (Site Wide
1
) 

- Institutional controls to maintain containment layer, restrict groundwater use, and manage 

potentially contaminated soil and groundwater disturbed during future intrusive activities 

(Site Wide). 

 Remedial Alternative 2 – Containment with In Situ Treatment and Source Recovery 

- In situ treatment of gasoline-range petroleum hydrocarbon and VOC contaminated soil 

(i.e., BTEX) and groundwater using AS/SVE (UST Site Unit).   

- Recovery of LNAPL with intermittent DPE methods, if LNAPL is present in recoverable 

quantities (UST Site Unit) 

- Containment of metals-contaminated soil (Work Yard Site Unit) 

- Soil, groundwater (potentially including porewater analysis), and soil vapor compliance 

monitoring (Site Wide)  

- Institutional controls to maintain containment layer and the AS/SVE treatment system, 

restrict groundwater use, and manage potentially-contaminated soil and groundwater 

disturbed during future intrusive activities (Site Wide). 

 Remedial Alternative 3 – Containment with Focused Source Removal 

- Excavation and offsite disposal of gasoline-range petroleum hydrocarbon and VOC (i.e., 

BTEX) contaminated soil (UST Site Unit) within the area identified for the potential 

presence of LNAPL 

- Placement of ORC within excavation backfill to enhance treatment of any remaining 

contaminated soil or groundwater 

                                                      

1
 Note: use of the term “Site Wide” from this point forward describes the UST Site Unit and Work Yard 

Site Unit, and does not include the Marine Site Unit. 
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- Backfill excavations with clean fill, grading, and paving consistent with Site use (UST 

Site Unit).   

- Containment of residual gasoline-range petroleum hydrocarbon/VOC (i.e., BTEX) 

contaminated soil, if needed (UST Site Unit) 

- MNA of residual gasoline-range petroleum hydrocarbon contaminated groundwater, if 

needed (UST Site Unit) 

- Containment of metals-contaminated soil (Work Yard Site Unit) 

- Soil, groundwater (potentially including porewater analysis), and soil vapor compliance 

monitoring (Site Wide) 

- Institutional controls to maintain containment layer, restrict groundwater use, and manage 

potentially contaminated soil and groundwater during future intrusive activities (Site 

Wide). 

 Remedial Alternative 4 –Site-wide Source Removal 

- Excavation and offsite disposal of soil contaminated with metals, gasoline-range 

petroleum hydrocarbons, and VOCs (Site Wide) 

- Backfill excavations with clean fill, grading, and paving consistent with Site use (Site 

Wide) 

- Soil, groundwater (potentially including porewater analysis), and soil vapor compliance 

monitoring (Site Wide) 

- Institutional controls to restrict groundwater use (Site-Wide, or as needed). 

A summary of the various components of each alternative is presented in Table 16. 

As discussed in Section 11.1, soil containment for Alternatives 1, 2, and 3 will largely consist of 

utilizing the existing asphalt pavement layer and building slabs, in addition to paving the currently 

unpaved areas (i.e., North Work Yard) and repairing/replacing existing pavement, as necessary.  An 

engineered cap underlain by a liner will not be installed, as the existing asphalt and building slabs already 

provide a barrier to human contact and adequately reduce stormwater infiltration.  As is further discussed 

in Section 12.0, institutional controls will be implemented to maintain these surface layers to preserve 

their capacity as a barrier to human contact and to maintain the existing reduction in infiltration.   

In addition, all four Alternatives take into consideration that the existing buildings on the Site will 

be removed to the slab prior to implementation of the final cleanup action.  Alternatives 1 and 2 could be 

implemented with the buildings remaining in place; however, additional costs would be incurred from 

those presented in this section and disruption to tenant activities would be a consideration.  Presently, the 

main structure of Building 3 has been removed, with the remaining walls to be removed by the tenant by 

fall 2014.  Permits have been obtained by the tenant for removal of Buildings 1 and 2; removal of 

Building 2 is scheduled by fall 2014 (Riise 2014). 

A description of these alternatives is presented below.  Alternative descriptions are organized by: 

1) alternative; 2) Site Unit; and 3) the media (e.g., soil and/or groundwater) that the alternative addresses 



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 12-3 LANDAU ASSOCIATES 

within that area; 4) a discussion of the conceptual approach and how the alternative meets the RAOs for 

the Site; and 5) presentation of a cost estimate for each alternative.   

The cost estimates presented in this FS are considered order-of-magnitude with a relative 

accuracy within the range of -30 to +50 percent.  Detailed cost estimates for each alternative are provided 

in Appendix I and a summary of alternative costs are provided in Table 17.  These cost estimates are 

intended solely for use as a basis for comparison of costs between alternatives.  A more accurate cost 

estimate will be developed for the selected cleanup action during the remedial design phase.   

 

12.1 ALTERNATIVE 1 –CONTAINMENT WITH SOURCE RECOVERY 

Alternative 1 consists of utilizing and maintaining the existing asphalt layer and building slabs on 

Site, installing new asphalt pavement in the North Work Yard, and installing and/or repairing/replacing 

additional asphalt, where needed, to inhibit human contact with contaminated soil, and to reduce the 

potential for infiltration.  If a practicably recoverable quantity of LNAPL is identified during additional 

investigation in support of the remedial design within the UST Site Unit, intermittent DPE will be 

implemented to recover free-phase product.  In addition, pending the results of the soil vapor survey to be 

conducted during the remedial design phase, this alternative includes installation of a vapor 

capture/control trench to help manage potential vapor migration from the area of the UST Site Unit.  The 

costs for implementation of the intermittent DPE recovery program and installation and management of 

the vapor capture/control trench are included in the cost estimate provided in Table 17 and the cost detail 

provided in Appendix I.  The following sections describe how Alternative 1 would be implemented and 

how the RAOs are achieved, as applicable.   

 

12.1.1 UST SITE UNIT  

This alternative consists of addressing the potential presence of recoverable LNAPL using 

intermittent DPE methods, and containing gasoline-range petroleum hydrocarbon and VOC-impacted soil 

in the former gasoline UST area, with soil vapor control, compliance monitoring, and institutional 

controls. 

 Soil 

- Containment by repairing/replacing existing asphalt pavement (as needed), and 

maintaining existing pavement cover to limit potential human exposure to contaminated 

soil and to reduce infiltration to minimize leaching of contaminants in the unsaturated 

zone. 

- LNAPL recovery using intermittent DPE, if LNAPL is established to be present in 

practicably recoverable quantities during additional investigation to support remedial 

design. 
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- Institutional controls (restrictive covenants) on the property to 1) require maintenance of 

the Site’s containment layer discussed above, and 2) ensure the proper management of 

excavated soil and appropriate worker safety associated with any future intrusive 

activities through implementation of a soil and groundwater management plan. 

- Compliance monitoring to ensure that the Site’s containment layer is adequately 

maintained and functioning properly. 

 Groundwater 

- LNAPL recovery using intermittent DPE, if LNAPL is established to be present in 

practicably recoverable quantities during additional investigation to support remedial 

design.  

- Repairing/replacing existing asphalt pavement (as needed), and maintaining existing 

pavement containment layer to reduce infiltration, minimize leaching of contaminants in 

the unsaturated zone to groundwater, and reduce the rate of groundwater flow. 

- Institutional controls (restrictive covenants) on the property to 1) prevent the use of Site 

groundwater for drinking water, and 2) properly manage groundwater extracted for other 

uses such as construction dewatering through implementation of a soil and groundwater 

management plan. 

- Groundwater compliance monitoring to demonstrate that groundwater cleanup standards 

are achieved and maintained.   

 Indoor/Outdoor Air 

- If determined necessary during remedial design, installation of a soil vapor control 

(active or passive) system to control potential offsite migration of soil vapor.   

- Compliance monitoring to ensure that offsite migration of soil vapors at concentrations 

that could impact indoor air quality at neighboring property buildings does not occur. 

For Alternative 1, the existing pavement surface and Site building slabs would be utilized as the 

soil containment layer, as shown on Figure 32.  The purpose of the soil containment layer would be to 

provide a physical barrier to human contact with contaminated soil and to minimize stormwater 

infiltration and leaching of petroleum hydrocarbon contamination and VOCs from unsaturated soil.  

Reducing groundwater recharge, via the installation and maintenance/repair of a low-permeability 

pavement layer would also help maintain the stability or potentially reduce the size of the affected 

groundwater plume. 

During the remedial design, an investigation will be conducted to determine if LNAPL is present 

within the UST Site Unit in practicably recoverable quantities.  If the presence of recoverable LNAPL is 

confirmed, intermittent DPE will be included in the final cleanup action to remove recoverable free-phase 

product.  The number and location of wells necessary, and the frequency between DPE sessions, will be 

determined during the remedial design.  However, for costing purposes, it was assumed that recoverable 

free product is present within the area defined by the 300 mg/kg gasoline contour and in areas that 

exhibited a gasoline-like odor during boring investigations (sees Figures 20 and 32).  It was also assumed 

that LNAPL recovery would require eight wells and monthly DPE sessions for up to two years.  A two 
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year time frame is established for this Alternative so that the potential period of treatment is comparable 

to the period of treatment considered in Alternative 2. 

If soil vapor characterization monitoring conducted during remedial design indicates that vapor 

control is needed to prevent benzene and other VOCs from migrating north to buildings across Squalicum 

Way, a vapor control and capture system/trench would be installed along the north side of the UST Site 

Unit.  The specific configuration of the vapor control system would be developed during remedial design.  

For the purposes of the FS, it was assumed that the vapor control system would consist of a 150-ft long 

trench excavated to about 7 ft BGS and backfilled with pea gravel or similar material.  A perforated pipe 

installed in the trench would be connected to a low-flow vacuum system to intercept soil vapor.  For the 

purposes of the FS, it is assumed that off-gas treatment of the extracted soil vapor would not be required 

prior to discharge to the atmosphere, but the need for air emission treatment would be further evaluated 

during remedial design.  Although the necessity for soil vapor management under this alternative will be 

evaluated during remedial design, costs for the vapor control system have been included as part of this 

Alternative’s evaluation. 

Institutional controls would be established to require that the soil containment layer be 

maintained on the property.  The institutional controls would also prohibit the use of Site groundwater as 

a potable water supply and require, through the implementation of a soil and groundwater management 

plan, that proper safety measures and soil and groundwater management practices be implemented as part 

of any project involving intrusive activities within the UST Site Unit, in accordance with WAC 173-340-

440.  The institutional controls would be conveyed as a restrictive covenant on the property.  

The conditional point of compliance for petroleum hydrocarbons would be established at existing 

and new monitoring wells.  For costing, six wells would be monitored for compliance, and three 

monitoring wells would be monitored to evaluate the effectiveness of vapor containment.  The locations 

of compliance monitoring wells will be determined during remedial design. 

Alternative 1 achieves the RAOs presented in Section 9.2 for the UST Site Unit through soil 

containment, reduction of stormwater infiltration, intermittent DPE LNAPL recovery, soil vapor control 

(if necessary), institutional controls, and compliance monitoring.  RAO-1, RAO-3, and RAO-5 would be 

achieved through maintaining the containment layer over the source area to prevent human contact with 

contaminated soil/groundwater and to reduce stormwater infiltration through contaminated soil.  

Restrictive covenants placed on the property would ensure that these RAOs continue to be met in the 

long-term by requiring that the containment layer be maintained and by implementing a soil and 

groundwater management plan that specifies the requirements for worker health and safety and the proper 

management of any contaminated soil or groundwater generated during future projects involving intrusive 

activities at the Site.  Compliance monitoring would ensure that the containment layer is adequately 
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maintained to prevent direct human contact, and that concentrations of gasoline range petroleum 

hydrocarbons and VOCs do not exceed Site cleanup levels protective of marine surface water and 

sediment.  

RAO-2 would be achieved through maintenance of the containment layer to prevent direct 

contact and application of institutional controls that would prohibit the use of Site groundwater as a 

potable water supply.  RAO-3 and RAO-5 would be achieved through groundwater compliance 

monitoring to confirm that concentrations of gasoline-range petroleum hydrocarbons do not exceed Site 

cleanup levels protective of marine surface water and sediment at the conditional point of compliance. 

RAO-4 would be achieved through maintaining the containment layer at the Site and active or 

passive capture or control of vapors (if necessary) to prevent vapor migration and potential vapor 

intrusion to neighboring buildings.  With respect to RAO-4, compliance monitoring would include soil 

vapor monitoring with a point of compliance throughout the Site. 

 

12.1.2  WORK YARD SITE UNIT 

Alternative 1 for the Work Yard Site Unit consists of containment of heavy metals impacted soil.  

Due to the limited available groundwater quality data, groundwater is assumed to be potentially 

contaminated with metals throughout the Work Yard Site Unit, although available data indicate that 

heavy metal groundwater contamination is limited to the vicinity of the galvanized steel bulkhead at the 

shoreline.  Containment would be achieved by installing new asphalt pavement in the North Work Yard, 

repairing/replacing existing asphalt pavement (as needed), and maintaining the existing pavement cover 

and building slabs to prevent direct contact with and to limit stormwater infiltration through soil 

contaminated, or potentially contaminated, with heavy metals.  Institutional controls would be 

implemented to ensure the containment layer is properly maintained and repaired as needed to prevent 

exposure to Site construction workers.  The containment areas for Alternative 1 are shown on Figure 32.   

In addition to the physical remediation elements, groundwater compliance monitoring would be 

conducted and institutional controls in the form of a restrictive covenant would be established.  

Groundwater compliance monitoring would likely be conducted at a conditional point of compliance at 

the bulkhead, but could include porewater sampling from marine sediment adjacent to the bulkhead.  The 

restrictive covenant would require that an asphalt containment layer be maintained or replaced by an 

equivalent low permeability surface, and would prohibit extraction of groundwater for use as a potable 

water supply.  The restrictive covenant would also require the implementation of a soil and groundwater 

management plan, as described in the previous section.  Additionally, the containment layer would be 

inspected on an annual basis to ensure its integrity, and would be repaired, as necessary.   
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For the purposes of FS cost estimating, it is assumed that groundwater compliance monitoring 

would be conducted quarterly for the first year and once every 5 years for an additional 30 years at up to 

three compliance monitoring wells.   

Alternative 1 achieves the applicable RAOs for the Work Yard Unit through a combination of 

soil containment, reduction of stormwater infiltration, groundwater compliance monitoring, and 

institutional controls.  RAO-1 would be achieved through containment to prevent human contact with 

contaminated soil and reduce stormwater infiltration, compliance monitoring, and restrictive covenants.  

RAO-2 would be achieved through the restrictive covenant.  RAO-3 and RAO-5 would be achieved 

through compliance monitoring to confirm that concentrations of heavy metals in groundwater do not 

exceed Site cleanup levels protective of marine surface water and sediment at the conditional point of 

compliance (i.e., the shoreline).  Given the COCs within the Work Yard Unit, RAO-4 would not apply. 

 

12.1.3  COST 

The estimated cost to implement Alternative 1 is approximately $610,000 (for all Site Units); this 

cost includes $53,000 for a low flow vapor capture/trench system (as needed).  Costs include installation 

of asphalt in the North Work Yard and repair/replacement of existing asphalt across an estimated 20 

percent area of the Site.  The costs associated with the LNAPL recovery program assume installation and 

management of eight recovery wells and monthly DPE sessions for two years, with passive recovery (i.e., 

oil socks) in between these sessions.  For cost estimating purposes, it is assumed that groundwater and 

soil vapor monitoring would be required for 30 years.  Estimated costs are summarized in Table 17 and 

detailed cost estimates are provided in Appendix I. 

 

12.2 ALTERNATIVE 2: CONTAINMENT WITH IN SITU TREATMENT AND 

SOURCE RECOVERY 

Alternative 2 is similar to Alternative 1, with the use of Site-wide soil containment and 

intermittent DPE LNAPL recovery for the UST Site Unit.  However, Alternative 2 also uses in situ 

treatment of gasoline-range petroleum hydrocarbon and VOC-contaminated soil and groundwater in the 

UST Site Unit.  The in situ treatment could use either bioremediation to stimulate or enhance the natural 

biological degradation and attenuation processes in the saturated soil and groundwater zones in the area of 

the former gasoline UST or AS/SVE to use physical processes to extract volatile compounds from both 

soil and groundwater.  Preliminary evaluation of the likely difference in cost between the two 

technologies is negligible.  Because AS/SVE would address both vadose zone soil and groundwater 

contamination and manage soil vapor, whereas bioremediation would only effectively address 

groundwater contamination, AS/SVE is the preferred in situ treatment technology for the FS evaluation.   
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12.2.1 UST SITE UNIT  

Alternative 2 for the UST Site Unit consists of the following major components:  

 Soil 

- Conducting AS/SVE within the boundaries of the gasoline-impacted soil area to aid in 

the volatilization, capture, and treatment of the volatile COCs present in LNAPL-form 

and sorbed to soil. 

- Implementing intermittent DPE recovery to further aid in addressing LNAPL, if present 

in practicably recoverable quantities.  

- Institutional controls (restrictive covenants) on the property to 1) require maintenance of 

the Site’s containment layer discussed above, and 2) ensure the proper management of 

excavated soil and appropriate worker safety associated with any future intrusive 

activities through implementation of a soil and groundwater management plan. 

- Compliance monitoring to ensure that the Site’s containment layer is adequately 

maintained and functioning properly. 

 Groundwater 

- Conducting AS/SVE within the groundwater contamination plume to promote 

volatilization and aerobic biodegradation of the volatile constituents dissolved in 

groundwater or present as residual LNAPL. 

- Implementing intermittent DPE recovery to further aid in addressing LNAPL, if present 

in practicably recoverable quantities. 

- Institutional controls (restrictive covenants) on the property to 1) prevent the use of Site 

groundwater for drinking water, and 2) properly manage groundwater extracted for other 

uses such as construction dewatering through implementation of a soil and groundwater 

management plan. 

- Groundwater compliance monitoring to demonstrate that groundwater cleanup standards 

are achieved and maintained.   

 Indoor/Outdoor Air 

- Conducting SVE, an aggressive subsurface soil gas recovery, capture, and management 

system, to prevent indoor intrusion or offsite migration of soil vapor. 

Institutional controls are not anticipated to be necessary for the UST Site Unit under 

Alternative 2, beyond maintenance of existing/repaired pavement in the vicinity of the treatment system, 

but would be evaluated following completion of AS/SVE treatment and the evaluation of its 

effectiveness. 

AS/SVE would consist of continuously (or pulse) injecting compressed air below the water table 

through a series of sparge wells to promote aerobic biodegradation and volatilization of the dissolved 

volatile constituents in groundwater and the volatile constituents sorbed to soil.  An SVE system would be 

installed in the unsaturated zone above the sparge wells to collect the sparged air and soil vapor, and 

assist in the aerobic degradation of contaminated soil above the water table.  Vapor-phase granular 

activated carbon (GAC) or a catalytic oxidation system would be used to treat the extracted soil vapor 
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prior to discharge to the atmosphere.  Intermittent DPE recovery will be implemented as described in 

Alternative 1, pending further evaluation of the presence of recoverable LNAPL during investigations to 

support the remedial design.  However, DPE recovery will only be implemented for a six month period 

under Alternative 2, as discussed below. 

For cost estimating purposes it is assumed that the area of known soil contamination 

approximates the extent of the groundwater plume, and that the final design of the AS/SVE system would 

consist of 13 vertical sparge wells and 4 horizontal SVE wells, as presented on Figure 33.  Intermittent 

DPE recovery will be implemented for the first 6 months in 8 of the 13 sparge wells, with the wells being 

permanently used for AS after that 6 month period (i.e., SVE system components will begin operation 

upon setup, active AS will be implemented along with SVE at the 6-month period; the total period of 

treatment will be 2 years).  Residual petroleum hydrocarbon contamination remaining in Site groundwater 

following this two-year period would be addressed through natural attenuation processes.  This alternative 

includes conducting quarterly groundwater monitoring over a three-year period, including one year of 

monitoring following shutdown of the AS/SVE system. 

The application of air sparging to the subsurface would promote volatilization (and aerobic 

biodegradation) of petroleum constituents and any other VOCs dissolved in Site groundwater.  As a 

result, it would also help volatilize residual LNAPL and accelerate the rate of dissolution of petroleum 

constituents and VOCs sorbed to Site soil.  Air sparging has shown to have limited success in treating 

heavily-contaminated release areas because of limitations in driving a sufficient mass of sorbed 

hydrocarbons from the soil into the dissolved phase where it can be treated through biological and 

volatilization processes.  These limitations result from air channeling that reduces the effective treatment 

area and slow, diffusion limited processes that limit the dissolution rate.  Air sparging is typically more 

successful at sites where most of the contaminant source material has been previously removed.  The lack 

of observed free-phase NAPL at the Site indicates that air sparging should be effective in treating the 

UST Site Unit.  However, if LNAPL is found to be present in recoverable quantities during the 

investigations to support remedial design, the intermittent DPE recovery methods are anticipated to 

provide adequate treatment/recovery to make AS/SVE effective. 

Alternative 2 achieves the RAOs presented in Section 9.2 through in situ treatment of gasoline-

range petroleum hydrocarbon contaminated soil, management of soil vapor, and compliance monitoring.  

The RAOs would be achieved through removal or destruction of gasoline-range petroleum hydrocarbons 

and any other VOC contamination present in Site soil and groundwater.  If AS/SVE (with intermittent 

DPE recovery methods, as necessary) is successful in treating the petroleum hydrocarbon release area, it 

is expected that groundwater cleanup levels would be achieved within and downgradient of the former 

gasoline UST area within a two-year operational period, and institutional controls would not be required 
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to achieve RAO-2.  Once treatment is completed, no additional vapor extraction or monitoring should be 

necessary following a post-shutdown confirmational monitoring period (i.e., one year).  Regular 

monitoring of the SVE system intake air stream would identify trends in subsurface vapor concentrations 

and provide an indicator for when active extraction could be terminated. 

 

12.2.2 WORK YARD SITE UNIT 

Implementation of Alternative 2 at the Work Yard Site Unit and achieving the respective RAOs 

would be the same containment, compliance monitoring, and institutional control strategy as the as 

described Alternative 1 in Section 12.1.2 above.   

  

12.2.3  COST 

The estimated cost to implement Alternative 2 is $950,000 for all Site Units.  Costs include 

installation, operation, and management of the AS/SVE system (including off-gas treatment with GAC 

units); intermittent DPE for LNAPL recovery (if necessary); and compliance monitoring.  Costs also 

include installation of asphalt in the North Work Yard and repair/replacement of existing asphalt across 

an estimated 20 percent area of the Work Yard Unit.  Cost estimates are summarized on Table 17 and 

detailed cost estimates are provided in Appendix I. 

 

12.3 ALTERNATIVE 3: CONTAINMENT WITH FOCUSED SOURCE 

REMOVAL 

Alternative 3 includes the removal of contaminated soil from the source area for the UST Site 

Unit, containment, and institutional controls to manage metals-contaminated soil in the Work Yard Site 

Unit, along with compliance monitoring.  

   

12.3.1 UST SITE UNIT  

Alternative 3 incorporates the following major components to address contamination in the UST 

Site Unit: 

 Soil:  

- Excavating gasoline-range petroleum hydrocarbon-/VOC-contaminated soil (dissolved 

and free-phase) from the source area of the UST Site Unit and disposal/treatment of this 

soil offsite.   

- Soil compliance monitoring post excavation to confirm that the soil cleanup levels have 

been achieved. 

- Institutional controls (restrictive covenants) to address the management of residual soil 

and groundwater contamination, including restoration of site pavement and containment 

features. 
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 Groundwater: 

- Removal of impacted soil, groundwater, and residual LNAPL from the saturated zone 

and overlying vadose smear zone within the UST Site Unit source area. 

- Addition of an oxidant and/or ORC to the excavation following contaminated soil and 

groundwater removal to enhance natural biodegradation processes. 

- Groundwater compliance monitoring following excavation to determine whether soil 

excavation also achieved groundwater cleanup levels, and if not, to monitor groundwater 

quality until cleanup levels are achieved.   

- Institutional controls (restrictive covenants) to prevent the use of Site groundwater for 

drinking water, and to manage residual contaminated groundwater, if needed.  

- Contingent MNA to address residual impacts if post-excavation groundwater compliance 

monitoring indicates residual petroleum hydrocarbon groundwater contamination is not 

rapidly attenuating.  

For the purposes of this alternative, the source area is assumed to be the area identified for 

potential LNAPL recovery, as presented on Figure 34.  The actual extent of excavation would be based on 

additional investigation during remedial design, and the results of field screening and soil compliance 

monitoring conducted during implementation of the cleanup action.  

It is assumed that limited dewatering would be conducted to excavate the entire smear zone.  The 

excavation is assumed to extend to a depth of 10 ft BGS, which is approximately 1 to 2 ft below the water 

table.  As an alternative to dewatering, soil below the water table could be agitated using excavation 

equipment to release residual LNAPL that would then be recovered from the groundwater surface.  The 

approach to removing residual LNAPL from below the groundwater table would be further evaluated 

during remedial design.  Approximately 5 ft of clean over-burden would be removed from above the 

contaminated soil and later re-used to fill the excavation, with the possible exception of soil directly 

beneath the former dispenser island and distribution lines, which may have been contaminated by 

previous releases associated with these features. 

Based on the excavation limits shown on Figure 34, approximately 3,000 CY of soil would be 

excavated and of this volume, approximately 1,700 CY (2,600 tons) would be contaminated soil requiring 

treatment or disposal at a facility licensed to accept petroleum-contaminated soil.  The excavation would 

be backfilled with clean, granular soil and the reserved clean overburden to current grades and the surface 

repaved.  The estimated cost for Alternative 3 also includes the application and mixing of an oxidant 

and/or an ORC into soil and groundwater at the bottom of excavation.  This would enhance the 

attenuation of any residual petroleum hydrocarbon contamination not removed through excavation.   

Alternative 3 also includes the construction of up to five new monitoring wells and four quarters 

of groundwater compliance monitoring following completion of excavation activities to assess whether 

groundwater cleanup levels are achieved through excavation.   
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Implementation of an MNA program and/or placing institutional controls on the property would 

be performed only if post-excavation residual soil or groundwater contamination was identified at 

concentrations that would not be expected to attenuate in a relatively short time frame of two to five 

years.  There is a high probability that soil and groundwater cleanup levels would be achieved either 

immediately following excavation, or within five years, so MNA is not included in the cost estimate for 

the UST Site Unit portion of Alternative 3.   

Alternative 3 achieves the RAOs through excavation and offsite treatment or disposal of 

petroleum hydrocarbon contaminated soil, site restoration (i.e., repaving), compliance monitoring, 

institutional controls, and MNA, if necessary.  Alternative 3 would achieve RAO-1 and RAO-2 through 

source removal and oxidant or ORC addition, and institutional controls and MNA (if applicable).   

RAO-3, RAO-4, and RAO-5 would be achieved by removing the petroleum hydrocarbon source area and 

the addition of oxidant or ORC to address the potential presence of residual contamination within the 

UST Site Unit. 

 

12.3.2 WORK YARD SITE UNIT 

Implementation of Alternative 3 at the Work Yard Site Unit and achieving the respective RAOs 

would be the same containment, compliance monitoring, and institutional control strategy as that 

described for Alternative 1 in Section 12.1.1 above.   

 

12.3.3 COST 

The estimated cost to implement Alternative 3 is $1,100,000 for all Site Units.  The cost estimate 

assumes removal of the existing buildings through planned tenant improvements prior to implementation 

of the remedial alternative; costs for building removal are not included in the cost estimate  Costs include 

implementation of the excavation program, including management of excavated and overburden soil as 

necessary, dewatering activities, and transport and disposal of the excavated contaminated material.  

Costs for asphalt and slab removal prior to excavation, and surface repair upon completion of the 

excavation program are included.  Materials costs for the ORC additive are included, along with the cost 

for installing, developing, and sampling of the additional groundwater monitoring wells for long-term 

compliance monitoring.  Costs also include installation of asphalt in the North Work Yard and 

repair/replacement of existing asphalt across an estimated 20 percent the Work Yard Unit area.  Cost 

estimates for Alternative 3 are summarized in Table 17 and presented in detail in Appendix I. 
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12.4 ALTERNATIVE 4: SITE-WIDE SOURCE REMOVAL 

Alternative 4 consists of excavation and offsite disposal of the petroleum- and VOC-

contaminated soil in the UST Site Unit and metals-contaminated soil in the Work Yard Site Unit.  The 

estimated limits of excavation are shown on Figure 35.  Excavation of the UST Site Unit would be 

defined to include the petroleum-contaminated soil with concentrations above the PCL for TPH-G in soil 

(i.e., 30 mg/kg).   

Based on an average smear zone thickness of 5 feet starting at a depth of approximately 5 ft BGS, 

approximately 2,500 CY of clean overburden soil and 3,200 CY of petroleum-contaminated soil would be 

excavated from the UST Site Unit, and the petroleum-contaminated soil would either be disposed of at a 

licensed solid waste facility or treated at a facility licensed to treat petroleum-contaminated soil.  

Assuming an estimated average excavation depth of 2 ft BGS for the Work Yard Site Unit, approximately 

4,600 CY of heavy metals-contaminated soil would be excavated from the Work Yard Site Unit and 

disposed of at a licensed solid waste facility.  The excavations would be backfilled with clean structural 

fill and the surface repaved.   

Alternative 4 also includes the construction of up to five groundwater monitoring wells and four 

quarters of groundwater monitoring to confirm that groundwater cleanup standards have been achieved.  

Compliance monitoring may also include surface water and/or porewater sampling at the conditional 

point of compliance (i.e., the shoreline). 

Alternative 4 achieves the Site RAOs through site-wide removal and offsite disposal of 

contaminated soil and compliance monitoring.   

The estimated cost to implement Alternative 4 is about $2,900,000 as summarized in Table 17 

and detailed in Appendix I.  The cost estimate assumes removal of the existing buildings through planned 

tenant improvements prior to implementation of the remedial alternative, although removal of asphalt and 

building slabs would be included as part of the cleanup action.  Costs include managing excavated 

volumes, dewatering (as necessary), new backfill, and transport/disposal of the excavated contaminated 

soils.  Installation of new compliance monitoring points (e.g., monitoring wells) and soil and groundwater 

compliance monitoring.  For the purposes of this FS, it is assumed that concentrations of petroleum-

related hydrocarbons (specifically benzene), lead, and other metals would not be sufficiently elevated to 

require disposal at a hazardous waste disposal facility. 

  

12.5 MARINE SITE UNIT  

The Marine Site Unit currently meets cleanup standards, as discussed in Section 3.4.  As a result, 

no additional remedial actions are required for this area of the Site.  However, when remedial action goals 

have been achieved for the upland units and bulkhead area, a final round of confirmation sampling may 
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be required for the Marine Site Unit.  The determination will be made based on both analytical results 

from the monitoring of those cleanup units and the eventual duration of the monitoring process. 
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13.0 DETAILED EVALUATION OF ALTERNATIVES  

This section evaluates each alternative using criteria specified in MTCA.  Section 13.1 presents a 

description of the evaluation criteria against which the alternatives are evaluated.  Section 13.2 presents 

an evaluation of the alternatives against these criteria.  Section 13.3 presents the disproportionate cost 

analysis (DCA) conducted to determine which alternative is permanent to the maximum extent 

practicable. 

 

13.1 MTCA EVALUATION CRITERIA 

MTCA specifies criteria for the evaluation and selection of cleanup actions.  This section 

provides an overview of these regulatory criteria.  An evaluation of the cleanup action alternatives against 

these criteria is then presented in sections 13.2 and 13.3. 

 

13.1.1 MTCA THRESHOLD REQUIREMENTS 

As specified in WAC 173-340-360(2), cleanup actions are required to meet the following 

threshold requirements:   

 Protect human health and the environment, 

 Comply with cleanup standards specified under MTCA, 

 Comply with ARARs, 

 Provide for compliance monitoring. 

 

13.1.2 REQUIREMENT FOR PERMANENT SOLUTION TO THE MAXIMUM EXTENT PRACTICABLE 

WAC 173-340-200 defines a permanent solution as one in which cleanup standards of WAC 173-

340-700 through 173-340-760 can be met without further action being required at the original site or any 

other site involved with the cleanup action, other than the approved disposal site of any residue from the 

treatment of hazardous substances.  MTCA recognizes that permanent solutions may not be practicable 

for all sites and provides criteria for determining whether a cleanup action is permanent to the “maximum 

extent practicable” in WAC 173-340-360(3)(f).  These criteria include: 

 Protectiveness.  Overall protectiveness of human health and the environment, including the 

degree to which Site risks are reduced, time required to reduce risk at the facility and attain 

cleanup standards, risks during implementation, and improvement of overall environmental 

quality. 

 Permanence.  The degree of reduction in toxicity, mobility, and volume of hazardous 

substances, including the reduction or elimination of hazardous substance releases and 

sources of releases. 

 Cost to implement the remedy including capital costs and operation and maintenance costs. 



 

 

 

5/14/14  P:\001\024\FileRm\R\05-14 RI-FS\Weldcraft RI-FS.docx 13-2 LANDAU ASSOCIATES 

 Effectiveness over the long-term.  Long-term effectiveness, including the degree of certainty 

that the alternative will be successful, long-term reliability, the magnitude of residual risk, 

and the effectiveness of controls required to manage treatment residues and remaining waste. 

The following types of cleanup action components may be used as a guide, in descending 

order, when assessing the relative degree of long-term effectiveness: Reuse or recycling; 

destruction or detoxification; immobilization or solidification; on-site or offsite disposal in an 

engineered, lined, and monitored facility; on-site isolation or containment with attendant 

engineering controls; and institutional controls and monitoring. 

 Management of short-term risks.  The risk to human health and the environment during 

construction and implementation, and the effectiveness of measures to manage the risk. 

 Technical and administrative implementability.  Implementability, including consideration 

of whether the alternative is technically possible; the availability of necessary offsite 

facilities, services, and materials; administrative and regulatory requirements; scheduling, 

size, and complexity of construction; monitoring requirements; access for construction, 

operations, and monitoring; and integration with existing facility operations. 

 Consideration of public concerns.  Whether the community has concerns and the extent to 

which those concerns are addressed. 

Free product (e.g., LNAPL) must be removed to the maximum extent practicable for releases 

from petroleum USTs [WAC 173-340-450(4)(a)].  As a result, LNAPL recovery to the degree practicable 

is considered a requirement for an alternative to be considered permanent to the maximum extent 

practicable. 

The DCA [WAC 173-340-360(3)(e)] is used to determine whether a cleanup action is permanent 

to the maximum extent practicable.  The purpose of the DCA is to determine if the incremental increase 

in cost of a cleanup alternative over that of a lower cost alternative is justified by the incremental increase 

in benefits to human health and the environment.  If the incremental increase in costs is determined to be 

disproportionate to the benefits, the more expensive alternative is considered impracticable and the lower 

cost alternative is determined to be permanent to the maximum extent practicable.  This process provides 

a mechanism for balancing the permanence of the cleanup action with its costs, while ensuring that 

human health and the environment are protected.  

 

13.1.3 REQUIREMENT FOR A REASONABLE RESTORATION TIME FRAME 

WAC 173-340-360(4)(b) specifies that the following factors be considered when determining 

whether a cleanup action provides for a reasonable restoration time frame: 

 Potential risks to human health and the environment 

 Practicability of achieving a shorter restoration time frame 

 Current use of the Site, surrounding areas, and associated resources that are, or may be 

affected by releases from the Site 
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 Potential future use of the Site, surrounding areas, and associated resources that are, or may 

be affected by releases from the Site 

 Availability of alternate water supplies 

 Likely effectiveness and reliability of institutional controls 

 Ability to control and monitor migration of hazardous substances from the Site 

 Toxicity of the hazardous substances at the Site 

 Natural processes that reduce concentrations of hazardous substances and have been 

documented to occur at the Site or under similar Site conditions. 

 

13.1.4 REQUIREMENT FOR CONSIDERATION OF PUBLIC CONCERNS 

Consideration of public concerns is an inherent part of the Site cleanup process under MTCA (see 

WAC 173-340-600).  This RI/FS report will be issued for public review and comment, and Ecology will 

determine whether changes to the RI/FS report are needed in response to public comment.  A similar 

process will occur for the CAP, prior to implementation of the final cleanup action, as specified in  

WAC 173-340-380.  Consideration of public concerns will not be discussed further in this document 

(except as part of the DCA), in recognition of the public participation process that will be conducted for 

the RI/FS report and the CAP to comply with MTCA requirements.  

 

13.2 EVALUATION OF ALTERNATIVES 

This section provides an evaluation of the cleanup alternatives with respect to the MTCA criteria 

discussed in Section 13.1 (Evaluation Criteria).  The evaluation of each cleanup alternative against the 

MTCA criteria is summarized in Table 18 and presented in the following sections.   

 

13.2.1 THRESHOLD REQUIREMENTS 

Under the MTCA, a cleanup action shall meet the threshold requirements outlined in 

Section 13.1.1.  Compliance with the threshold requirements for a cleanup action under the MTCA is 

presumed by definition to be protective of human health and the environment once the cleanup action 

meets the cleanup standards for the affected media.  Also, any cleanup action performed in accordance 

with the requirements of MTCA is assumed to be in compliance with cleanup standards and applicable 

state and federal laws.  The following sections identify how the cleanup alternatives comply with the 

threshold requirements. 

The potential exists for human health or the environment to be impacted under current conditions 

at the Site through direct contact with gasoline-affected soil or soil vapors, direct contact with metals-

contaminated soil, human consumption of and direct contact with groundwater, or through discharge of 
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contaminated groundwater to surface water and the resulting impact to sediment, aquatic organisms, and 

humans consuming those organisms.  The four alternatives comply with the threshold requirements as 

described in the following sections. 

 

13.2.1.1 Protection of Human Health and the Environment  

Alternative 1 protects human health and the environment through containment and institutional 

controls to prevent exposure to contaminated Site soil, to prevent potential leaching to groundwater, and 

to prevent discharge of contaminated groundwater to marine surface water and sediment.  Alternative 1 

also provides further protection through intermittent DPE removal of LNAPL, if determined to be present 

in practicably recoverable quantities.  Long-term groundwater and soil gas compliance monitoring is also 

included to confirm that cleanup standards are achieved and maintained, and soil vapor control is included 

as a contingent action if soil vapor monitoring indicates that gasoline-range petroleum hydrocarbon 

contamination in soil vapor could migrate at concentrations of concern to nearby structures.   

Alternative 2 protects human health and the environment through in situ treatment (i.e., AS/SVE) 

to remove source area contamination in the UST Site Unit, including intermittent DPE LNAPL removal if 

LNAPL is determined to be present in practicably recoverable quantities at the Site, and through 

containment and institutional controls for the other Site Unit.  Alternative 2 also includes compliance 

monitoring to confirm that cleanup standards have been achieved and are maintained. 

Alternative 3 protects human health and the environment through physical removal of source area 

contamination in the UST Site Unit and through containment, compliance monitoring, and institutional 

controls as previously described for Alternative 2.  Alternative 4 protects human health and the 

environment through complete removal of contaminated soil across the Site and disposal at an offsite 

licensed facility, and compliance monitoring to confirm that cleanup standards have been achieved.   

Alternatives 2, 3, and 4 also include provisions for contingent MNA if groundwater cleanup 

levels are not achieved by the primary cleanup technology.  

  

13.2.1.2  Compliance with Cleanup Standards 

Through the various cleanup technologies and administrative controls employed, and 

achievement of the applicable RAOs (Section 9.2), Alternatives 1 through 4 each comply with MTCA 

soil and groundwater cleanup standards by achieving cleanup levels at the proposed  

points-of-compliance. 
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13.2.1.3  Compliance with State and Federal Laws  

Alternatives 1 through 4 each comply with state and federal laws through compliance with 

identified ARARs (Section 9.3) and compliance with the MTCA regulations. 

  

13.2.1.4  Provisions for Compliance Monitoring  

Protection monitoring would be provided for Alternatives 1 through 4 through health and safety 

protocols outlined under a Site-specific health and safety plan, and the administration of institutional 

controls for Alternatives 1, 2, and 3.  Alternative 1 would include long-term compliance monitoring for 

groundwater, surface water, and soil vapor, and includes containment layer inspections and maintenance 

to provide both performance and confirmational monitoring.  Alternative 2 would include performance 

monitoring via effluent air sampling and confirmation monitoring through long-term groundwater 

compliance monitoring after completion of AS/SVE treatment in the UST Site Unit, and long-term 

groundwater and surface water compliance monitoring, and containment layer inspection/maintenance, 

for the Work Yard Site Unit.  Alternatives 3 and 4 would include soil compliance monitoring for 

excavation performance, and confirmation monitoring via groundwater monitoring after completion of the 

excavation.  Long-term groundwater and surface water monitoring, and containment layer 

inspection/maintenance would still be necessary for the Work Yard Site Unit under Alternative 3.    

 

13.2.2  REQUIREMENT FOR A REASONABLE RESTORATION TIME FRAME 

The MTCA identifies a number of factors to be considered when establishing a reasonable 

restoration time frame, as described in Section 13.1.3 (Requirement for a Reasonable Restoration Time 

Frame).  A cleanup action is considered to have achieved restoration once cleanup standards have been 

met.  An evaluation of the cleanup alternatives with regard to achieving a reasonable restoration time 

frame is presented in Table 18 and is discussed below for each Site Unit; the practicability of achieving a 

shorter restoration time frame is addressed as part of the DCA evaluation presented in Section 13.3. 

All four cleanup alternatives achieve restoration in a reasonable time frame.  Alternative 1 would 

achieve cleanup standards following implementation of containment in all areas of the Site after 

demolition of existing Site buildings and a restrictive covenant is placed on the property to maintain the 

integrity of the containment layer.  The intermittent DPE and passive LNAPL recovery included as part of 

Alternative 1 (if practicable) would also aid in achieving cleanup levels at the Site in a reasonable time 

frame. 

Alternative 2 would achieve cleanup standards following treatment of soil and groundwater in the 

UST Site Unit with AS/SVE, and LNAPL recovery (if practicable), which is anticipated to require up to 

two years of treatment followed by one year of compliance monitoring, for a three year restoration time 
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frame.  Alternative 2 also requires the implementation of containment and institutional controls for soil in 

the Work Yard Site Unit, although it is anticipated to take less time to implement than the AS/SVE 

treatment.   

Alternative 3 would achieve cleanup standards following implementation of containment and 

institutional controls as well as excavation of petroleum-contaminated soil from the UST Site Unit and 

compliance monitoring to demonstrate that soil and groundwater cleanup levels have been achieved, 

which is expected to require one year following completion of excavation.  Alternative 4 would achieve 

cleanup standards following excavation and compliance monitoring to demonstrate that soil and 

groundwater cleanup levels have been achieved throughout the Site, which is expected to require one year 

following completion of excavation.   

 

13.2.3 PERMANENT SOLUTIONS TO THE MAXIMUM EXTENT PRACTICABLE 

As described in Section 13.1.2 (Requirement for Permanent Solution to the Maximum Extent 

Practicable), the MTCA requires that cleanup actions be permanent to the maximum extent practicable, 

and identifies a number of criteria to evaluate whether this requirement is achieved.  Evaluation of a given 

alternative is based on the comparison of whether the incremental increase in cost associated with 

increasingly permanent cleanup actions is substantial and disproportionate to the incremental increase in 

environmental benefit.  The remainder of this section evaluates the cleanup alternatives against the 

MTCA permanence criteria.  The benefits of the alternatives are then compared against cost and each 

other in Section 13.3 (Disproportionate Cost Analysis). 

 

13.2.3.1  Protectiveness 

As indicated in Section 13.1.2, overall protectiveness is a measure of the degree to which Site 

risks are reduced, the time required to reduce risk at the facility and attain cleanup standards, risks during 

implementation, and improvement of overall environmental quality.  The overall protectiveness and 

associated considerations for each alternative are as follows: 

 Alternative 1:  Medium 

While Site risks are reduced through the elimination of potential exposure to contaminated 

Site soil, groundwater, and soil vapor, and LNAPL recovery (if practicable), some volume of 

petroleum hydrocarbon source material remains at the Site.  The improvement in overall 

environmental quality is moderate because the current paved surfaces (with the addition of 

new pavement and repair/replacement of existing pavement) already limit human contact 

with underlying soils and groundwater.   

 Alternative 2:  Medium High 

Alternative 2 significantly reduces long-term risk relatively rapidly and provide a significant 

improvement in overall environmental quality through the reduction in petroleum 
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contaminant mass by treatment and LNAPL recovery (if practicable).  Alternative 2 has 

limited risk during implementation because treatment will occur in situ, which will minimize 

the potential exposure of workers. 

 Alternative 3:  Medium High 

Alternative 3 also significantly reduces long-term risk relatively rapidly and provide a 

significant improvement in overall environmental quality through the reduction in petroleum 

contaminant mass by focused removal and offsite treatment/disposal.  Alternative 3 has a 

moderate risk during excavation and transport of contaminated soil, although these risks can 

be managed through appropriate design and health and safety procedures. 

 Alternative 4:  High 

Alternative 4 is high because it reduces long-term risk rapidly and provides even greater 

improvement in overall environmental quality than Alternatives 1, 2, and 3 through the 

reduction in both petroleum and metals contaminant mass through excavation and offsite 

treatment or disposal.  Alternative 4 has a higher risk than Alternative 3 due to the increase 

amount and volume of excavation and transport of contaminated soil, although these risks can 

also be managed through appropriate design and health and safety procedures. 

 

13.2.3.2  Permanence 

As indicated in Section 13.1.2, permanence is the degree of reduction in toxicity, mobility, and 

volume of hazardous substances, including the reduction or elimination of hazardous substance releases 

and sources of releases.  The overall permanence and associated considerations for each alternative are as 

follows:  

 Alternative 1:  Medium  

Alternative 1 provides a moderate level of permanence because it results in a limited 

reduction in contaminant mass and mobility through intermittent LNAPL recovery (if 

practicable), and by preventing stormwater from infiltrating and leaching contaminants to 

groundwater through the expansion, repair, and maintenance of the low permeability cover.   

 Alternative 2:  Medium High 

Alternative 2 provides in situ treatment of petroleum contaminated soil by AS/SVE, 

combined with LNAPL recovery (if practicable), provides a medium high level of 

permanence through the permanent reduction in contaminant mass and thereby reduction of 

toxicity and mobility.   

 Alternative 3:  Medium High 

Alternative 3 provides in situ treatment of petroleum contaminated soil by AS/SVE provides 

a medium high level of permanence through the permanent reduction in contaminant mass 

and thereby reduction of toxicity and mobility.   

 Alternative 4:  High 

Alternative 4 provides a high level of permanence by greatly reducing the volume of 

hazardous substances at the Site through removal of contaminated soil and either treatment or 

disposal at an engineered landfill.  However, relocation of contaminated soil to a licensed 

solid waste landfill does not reduce the toxicity, mobility, or volume of the hazardous 

substances in the affected media.   
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13.2.3.3  Effectiveness over the Long-term 

As indicated in Section 13.1.2, effectiveness over the long-term includes the degree of certainty 

that the alternative will be successful, long-term reliability, the magnitude of residual risk, and the 

effectiveness of controls required to manage treatment residues and remaining waste.  All four cleanup 

alternatives would be effective in the long-term.  The overall effectiveness over the long term and 

associated considerations for each alternative are as follows:  

 Alternative 1:  Medium High 

Alternative 1 includes surface containment in both Site Units, along with LNAPL recovery (if 

practicable).  However, some volume of petroleum contamination will remain in the source 

area and VOCs have the potential to migrate in soil vapor.   

 Alternative 2:  High 

Alternative 2 has a high level of certainty for long-term effectiveness because it will remove 

petroleum contaminant mass from the UST Site Unit through in situ treatment and LNAPL 

recovery (if practicable), and maintain the containment of the metals contaminated soil. 

 Alternative 3:  High 

Petroleum contaminated soil in the UST Site Unit will be removed through focused source 

removal and metals contaminated soil in the other Site Unit will be contained through 

installation and repair/replacements of the containment layer and institutional controls which 

will minimize risks of exposure.   

 Alternative 4:  High 

Alternative 4 has a very high degree of certainty for long-term effectiveness because most, if 

not all, residual risk will be eliminated through removal and offsite disposal or treatment of 

contaminated soil, including LNAPL, Site-wide.   

 

13.2.3.4  Management of Short-term Risks 

As indicated in Section 13.1.2, management of short-term risk includes the risk to human health 

and the environment during construction and implementation, and the effectiveness of measures to 

manage the risk.  The management of short-term risks and associated considerations for each alternative 

are as follows: 

 Alternative 1:  High 

The management of short-term risks associated with Alternative 1 is high because short term 

risks primarily relate to installation of dual-phase LNAPL removal wells, new long-term 

compliance monitoring wells, and a soil vapor trench (if needed).  Alternative 1 includes 

minimal construction activities associated with installation of the containment layer in the 

North Work Yard and general containment layer replacement/repair throughout the Site. 

 Alternative 2:  High 

The management of short-term risks associated Alternative 2 is also high because short term 

risks are primarily associated with worker safety during well drilling and the installation, 

operation and maintenance of the AS/SVE system, and containment cover installation in the 

North Work Yard and replacement/repair elsewhere on the Site.   
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 Alternative 3:  Medium High 

Management of short term risks for Alternative 3 is medium high because of the greater 

potential worker exposure to hazardous substances during excavation of contaminated soil 

and the transport of contaminated soil for treatment or disposal.   

 Alternative 4:  Medium 

Management of short term risks for Alternative 4 is medium because of the progressively 

greater potential worker exposure to hazardous substances during excavation of contaminated 

soil and the transport of contaminated soil for treatment or disposal compared to 

Alternative 3.   

The short-term risks associated with each alternative can be effectively managed through 

appropriate design and construction controls, including implementation of a Site-specific health and 

safety plan during construction. 

 

13.2.3.5  Technical and Administrative Implementability  

As indicated in Section 13.1.2, technical and administrative implementability includes 

consideration of whether the alternative is technically possible; the availability of necessary offsite 

facilities, services, and materials; administrative and regulatory requirements; scheduling, size, and 

complexity of construction; monitoring requirements; access for construction, operations, and monitoring; 

and integration with existing facility operations.   

Alternatives 1 through 4 would be implemented using common construction techniques and 

equipment employed for drilling, plumbing/mechanical, and/or earthwork.  The cleanup technologies 

addressed by these alternatives have been demonstrated to be successful at many other cleanup sites.  

However, Alternatives 2, 3, and 4 result in progressively increasing levels of disruption to Site use for the 

current tenant, which affects the implementability of the Alternatives to varying degrees.   

None of the alternatives present significant permitting or other administrative implementability 

issues.  Filing for restrictive covenants under Alternatives 1, 2, and 3 should be relatively routine.  

Because the cleanup action is being conducted under a formal agreement with Ecology, no state or local 

permits need to be obtained, although substantive permit requirements would still need to be met.  No 

federal permits are anticipated to be required.   

The tenant reviewed the potential historical significance of the Site buildings as part of the 

permitting process for building demolition; the buildings were not determined to be historically 

significant so this is not anticipated to affect the administrative implementability of any of the 

alternatives.  Cultural resources are not anticipated to be present because the Site uplands were created by 

filling former aquatic lands with dredge spoils and the original ground surface was aquatic, located below 

an elevation of 0 ft MLLW.  Additionally, any drilling or excavation activities that would be associated 
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with Site cleanup would not extend to the underlying native ground surface where cultural resources 

could be encountered, if present. 

Evaluation of technical and administrative implementability and associated considerations for 

each alternative are as follows: 

 Alternative 1:  High 

Alternative 1 is highly implementable because it would not require significant construction to 

implement.  Permitting and administrative issues, including filing for restrictive covenants, 

will be routine. 

 Alternative 2:  Medium High 

The implementability of Alternative 2 is medium high because it results in a short-term, 

moderate level of operational disruption that could be accommodated without severely 

affecting Port tenant operations.  Permitting and administrative-related issues, including filing 

for restrictive covenants, will be routine. 

 Alternative 3:  Medium Low 

The implementability of Alternative 3 is considered medium low because it would cause 

significant disruption to tenant operations and could require the suspension of travel lift 

operations during excavation.  Permitting and administrative-related issues, including filing 

for restrictive covenants, will be routine. 

 Alternative 4:  Low 

The implementability of Alternative 4 is considered low because it would require the tenant 

to cease most operations for a number of months during excavation, backfilling, and Site 

restoration, and may not be implementable without permanently displacing the tenant. 

 

13.2.3.6  Consideration of Public Concerns 

As indicated in Section 13.1.2, the criteria for consideration of public concerns includes whether 

the community has concerns and the extent to which those concerns are addressed.  Public concerns will 

be identified and addressed through the public participation process that is an integral part of the MTCA.  

The public will be provided the opportunity to review and comment on this RI/FS report and the CAP 

developed by Ecology that selects the final cleanup action for the Site.  For the purposes of the DCA, 

consideration of public concerns in considered high for all alternatives. 

 

13.2.3.7  Cost 

Itemized cost estimates for each of the cleanup alternatives are provided in Appendix I and are 

summarized in Table 17.  Estimated present-worth costs are as follows: 

 1 - $ 610,000 (including costs for vapor control measures of $53,000, which may not be 

needed) 

 2 - $ 950,000 

 3 - $ 1,100,000 
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 4 - $ 2,900,000 

These estimated cleanup costs are consistent with an order-of-magnitude cost estimate and are 

based on an assumed present worth discount factor of three percent.  The costs estimates are used as the 

cost basis for the DCA (Disproportionate Cost Analysis) presented in Section 13.3.  

 

13.3 MTCA DISPROPORIONATE COST ANALYSIS 

As discussed in Section 13.1.2, MTCA requirements for remedy selection include the 

requirement to use permanent solutions to the maximum extent practicable.  MTCA defines permanent 

cleanup actions as those in which cleanup standards are met without further action being required.  

MTCA specifies that the evaluation of whether or not a cleanup action uses permanent solutions to the 

maximum extent practicable be based on a DCA consistent with the requirements of  

WAC 173-340-360(3)(e).  In that analysis, cleanup alternatives are arranged from least to most permanent 

based on the criteria specified in WAC 173-340-360(3)(f). 

The DCA then compares the relative environmental benefits of each alternative against those 

provided by the most permanent alternative evaluated.  Costs are disproportionate to benefits if the 

incremental cost of an alternative over that of a lower cost alternative exceed the incremental degree of 

benefits achieved by the alternative over that of the lower cost alternative [WAC 173-340-360(3)(e)(i)].  

Where the benefits of two alternatives are equivalent, MTCA specifies that Ecology select the least costly 

alternative [WAC 173-340-360(e)(ii)(c)]. 

The DCA is performed below, using the information presented in Section 13.2 and in Table 18.  

The alternatives are first compared to the most permanent cleanup alternative, and the benefits of each 

alternative are ranked under the criteria of the disproportionate cost analysis  

[WAC 173-340-360(f)] in Section 13.3.1.  The costs are then compared against these benefits and the 

relationship between the benefits and costs evaluated in Section 13.3.2.  This analysis then defines which 

alternative is permanent to the maximum extent practicable. 

Relative rankings for the alternatives within each Site Unit were determined by assigning a value 

on a scale from 1 to 10, where 10 is the highest benefit/value, for each criterion, multiplying each value 

by a weighting factor, and summing the weighted values to determine an overall alternative-benefits-

ranking score.  Weighting factors are the same as those used by Ecology in the CAP for the Whatcom 

Waterway Site.  The six evaluation criteria and associated weighting factors are:  

 Protectiveness: 30% 

 Permanence: 20% 

 Long-term effectiveness: 20% 

 Short-term risk management: 10% 
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 Implementability: 10% 

 Considerations of public concerns: 10% 

Relative rankings of each alternative for the benefits criteria are discussed below and summarized 

in Table 18.  

 

13.3.1 COMPARATIVE EVALUATION OF ALTERNATIVES 

The DCA is based on a comparative analysis of the alternatives against the six evaluation criteria.  

Relative rankings of each alternative for the six criteria are discussed below and summarized in Table 18 

for each Alternative.  The following provides the comparative evaluation of the alternatives and compares 

Alternatives 1 through 3 to the most permanent alternative, Alternative 4.    

 

13.3.1.1  Protectiveness  

All four alternatives are protective of human health and the environment.  The differences lie 

within the technologies used to achieve that protectiveness.  Alternative 4 achieves protection through the 

removal of contaminated soil Site wide, Alternative 3 achieves protection through removal of petroleum 

contaminated soil and /containment of metals contaminated soil and institutional controls.  Alternative 2 

is similar to Alternative 3, but achieves protection through in situ treatment of petroleum contaminated 

soils with the intermittent LNAPL removal (if practicable), and Alternative 1 achieves cleanup through 

containment, intermittent LNAPL removal (if practicable), compliance monitoring, and institutional 

controls.  Although removal is not more protective than the other technologies, it does provide a higher 

level of certainty that protectiveness will be achieved quickly and maintained in the long-term.  Similarly, 

in situ treatment provides greater certainty regarding long-term protectiveness than alternatives that rely 

only on physical barriers and institutional controls for protection.   

Alternative 4 was ranked the highest for protectiveness with a ranking of 9 based on the complete 

removal of contaminated soil; this alternative was not given a ranking of 10 because there is some 

potential that cleanup levels will not be achieved in groundwater through excavation alone and 

supplemental cleanup and/or monitoring could be required.  Alternatives 2 was given a ranking of 8 based 

on the expectation that in situ treatment of petroleum contaminated soil combined with intermittent 

LNAPL removal in the UST Site Unit will achieve soil and groundwater cleanup levels, or only minimal 

contamination would remain if cleanup levels are not achieved.  Alternative 3 is also given a 

protectiveness ranking of 8 because it addresses the same area of petroleum contamination as 

Alternative 2.  Alternatives 1 is given a ranking of 6 because containment with intermittent LNAPL 

removal in conjunction with institutional controls effectively limits human contact and reduces 

stormwater infiltration through contaminated soils.  
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13.3.1.2  Permanence 

As indicated previously, Alternative 4 is considered the most permanent alternative because it 

removes the contaminated material from the Site and provides a reduction in contaminant mobility 

through placement of contaminated soil in a certified landfill.  Alternative 3 provides a reduction in 

contaminant mobility through removal of petroleum contamination source area soil and either treatment 

or placement of the excavated soil in a certified landfill.  Alternative 3 would also include onsite 

containment of residual petroleum- and metals-contaminated soil.  Alternative 2 permanently reduces the 

volume of hazardous materials at the Site through in situ treatment of petroleum-contaminated soil and 

groundwater with intermittent LNAPL recovery (if practicable), and containment of metals contaminated 

soil.  Alternative 1 reduces the mobility of contaminants through containment measures, and reduces mass 

and mobility through intermittent LNAPL recovery (if practicable), but does not greatly reduce the 

contaminant mass present on the Site so is considered less permanent than Alternatives 2 through 4.   

Alternative 4 was ranked highest for permanence (9) because it removes contaminated soil Site-

wide and reduces its mobility.  Alternative 3 is given a permanence ranking of 8 because while it does not 

reduce the volume of contamination on the Site as much as Alternative 4, it does remove the most highly 

contaminated soil from the Site.  Alternative 2 was given a ranking of 8 because it reduces the total onsite 

volume of contamination to about the same extent as Alternative 2.  Alternative 1 was given permanence 

rankings of 6 because of the lack of extensive removal or treatment of contaminated media. 

 

13.3.1.3 Effectiveness over the Long-term 

Alternative 4 is considered the most effective in the long-term because it removes most, if not all, 

contamination from the Site.  Alternatives 2 and 3 are considered moderately effective because a 

significant portion of the contamination is removed and/or treated.  Alternative 1 is considered somewhat 

less effective in the long-term because it does not greatly reduce the contaminant mass.  Because 

Alternatives 1, 2 and 3 rely on containment and institutional controls to varying degrees, they each retain 

the risk of losing effectiveness if the containment layer is not adequately maintained or the institutional 

controls are not properly followed. 

Alternative 4 is ranked the highest for long-term effectiveness (10) because most, if not all Site 

soil contamination would be removed by excavation and only minimal potential risk would remain for 

human or environmental receptors.  Alternatives 2 and 3 are ranked slightly lower (9), because there is 

greater uncertainty in maintaining long-term effectiveness through containment and institutional controls.  

Alternatives 1 is given a rankings of 8 because, it does not significantly reduce contaminant mass, and 

relies on containment and institutional controls for a larger area than for Alternatives 2 and 3.   
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13.3.1.4  Management of Short-Term Risks 

Alternative 1 is ranked the highest (10) with respect to management of short-term risk because 

construction activity is limited to minor containment layer construction activities and drilling wells for 

long-term monitoring and LNAPL recovery (if practicable)   Alternative 1 also includes the possible 

installation and operation of a soil vapor control system, pending the results of additional investigations to 

be conducted during remedial design.  Alternative 2 is ranked slightly lower (9) because of the additional 

construction associated with the AS/SVE treatment system.  Alternatives 3 and 4 are given rankings of 7 

and 6, respectively, due to the quantity of excavation for each alternative. 

 

13.3.1.5  Technical and Administrative Implementability  

Alternative 1 is ranked the highest (9) for implementability because it requires the least amount of 

construction and poses only minor administrative implementation issues related to filing and 

implementing the institutional controls.  Alternative 2 is given a ranking of 8 due to the challenges 

associated with constructing and integrating the relatively intensive AS/SVE system operation and 

maintenance activities with an active boatyard.  Alternative 3 is given a ranking of 4 because of the 

significant disruption excavation will have on current tenant operations.  Alternative 4 is given a ranking 

of 1 because it would require the closure of the boatyard for a number of months during construction of 

the cleanup action.  Alternatives 3 and 4 also present difficulties associated with excavating contaminated 

soil from below the water table, and protecting extensive utilities along Squalicum Way.   

As indicated in Section 13.2.3.5, no historic or cultural resources are known to be present on the 

Site, and if any cultural resources were present, they would be located well below any excavation or other 

intrusive activities that would occur in conjunction with Alternatives 1 through 4.  Therefore, none of 

these factors modified the implementability rankings.  

 

13.3.1.6  Consideration of Public Concerns  

Specific public concerns regarding the cleanup alternatives are not yet known, however it is 

assumed that the greatest public concern would be protection of human health and the environment.  This 

concern is reflected in the other criterion above such as Protectiveness and Permanence.  The other 

concerns described in Section 13.2.3.6 are readily managed and do not necessarily favor one Alternative 

over another.  Therefore, for the purposes of completing this draft RI/FS for public review all alternatives 

are given a ranking of 10 for consideration of public concerns.  Evaluation of alternatives against the 

Consideration of Public Concerns criterion is subject to change based on public comments received on 

this document.  
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13.3.2 COMPARISON OF OVERALL BENEFITS (RELATIVE BENEFIT SCORES) 

Based on higher overall scores in the areas of protectiveness, permanence, and long-term 

effectiveness, Alternative 2 has the highest weighted score.  The rank and relative benefit scores for each 

alternative are presented in Table 17, and are as follows: 

 Alternative 4 Relative Benefit Score:  8.2  

 Alternative 3 Relative Benefit Score:  7.9  

 Alternative 2 Relative Benefit Score:  8.5  

 Alternative 1 Relative Benefit Score:  7.5  

 

13.3.3 DISPROPORTIONATE COST ANALYSIS 

The estimated costs, and the benefits presented in Section 13.3.1, are summarized for each 

alternative in Table 18.  Table 18 also summarizes the overall benefits and costs for each alternative using 

the relative benefit score developed for each alternative in Section 13.3.1.   

Figure 36 provides a graphical comparison between the costs of each alternative and the relative 

benefits, using the costs developed in Appendix I and benefit rankings developed in Table 18.  A 

comparison of the relative benefit- to-cost ratios between the alternatives is also depicted on the figure.  

The relative benefit versus cost ratios have been escalated by a scaling factor of 300,000 so that the ratios 

can be presented in comparison to the ranges-of-scale provided by the relative benefit ranking axis. 

The DCA indicates that Alternative 2 (Containment with In Situ Treatment and Source Recovery) 

yields the greatest overall benefit of the four alternatives evaluated, as indicated in the previous section.  

Because Alternatives 3 and 4 received lower overall benefit scores and both cost more than Alternative 2, 

they are both considered impracticable and eliminated from further consideration. 

Alternative 1 has a 13 percent lower overall benefits ranking than Alternative 2 (7.5 compared to 

8.5), but costs about 37 percent ($340,000) less.  This results in a correspondingly higher benefit/cost 

ratio (3.7 compared to 2.7), based on the benefit divided by the cost adjusted using the 300,000 scaling 

factor [i.e., Benefit/Cost Alternative 1 = (7.5/610,000)*300,000 = 3.7].  Because the incremental increase in 

cost of Alternative 2 compared to Alternative 1 is large, and the incremental increase in benefit is small, 

the incremental cost of Alternative 2 is considered substantial and disproportionate to its incremental 

benefits.  As a result, Alternative 1 is the alternative considered permanent to the maximum extent 

practicable for the Site.  
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14.0 SUMMARY AND CONCLUSIONS 

The Site RI defined physical characteristics, source areas, the nature and extent of impacted 

media, and the migration pathways and potential receptors for contaminants.  Data from the RI and 

previous investigations were used in the FS process to develop and evaluate remedial alternatives for the 

Site.  

The FS developed remedial alternatives for the UST and Work Yard Site Units for cleanup of 

contaminated media defined in the RI, evaluated the alternatives against criteria defined by MTCA, 

provided a comparative analysis of the alternatives to determine the relative environmental benefits of 

each, and compared the relative benefits of each against their costs to determine the alternative that uses 

permanent solutions to the maximum extent practicable.  

 

14.1 PREFERRED ALTERNATIVE 

The preferred alternative for the Site is an integrated cleanup action that addresses contamination 

in the UST and Work Yard Site Units.  The preferred alternative is Alternative 1, and was selected based 

on the DCA presented in Section 13.3.  The preferred alternative consists of the following elements: 

 Containment of gasoline-range petroleum hydrocarbon and VOC-contaminated soil (i.e., 

BTEX), with soil vapor control if needed to contain affected soil vapor (UST Site Unit) 

 Recovery of LNAPL, if practicable, using intermittent DPE recovery methods (UST Site 

Unit) 

 Containment of metals-contaminated soil, including paving the North Work Yard (Work 

Yard Site Unit) 

 Reduction of the vapor migration potential through LNAPL recovery and a vapor control 

system (if needed) 

 Soil, groundwater (potentially including porewater analysis), and soil vapor compliance 

monitoring (Site Wide/point of compliance) 

 Institutional controls to maintain the soil containment layer (i.e., pavement and building 

slabs), restrict groundwater use, and manage potentially-contaminated soil and 

groundwater disturbed during future intrusive activities (Site Wide). 

Because a permanent cleanup action has already been implemented at the Marine Site Unit, this area of 

the Site complies with Site cleanup requirements and no further remedial action is required.  However, the 

need for future sediment compliance monitoring will be determined during development of the Site CAP. 

Containment would be fully implemented following demolition of the existing buildings during 

Site redevelopment and pavement of the North Work Yard.  Existing buildings would be demolished to 

their floor slabs and the floor slabs would be used as part of the Site containment system; Building 3 has 

been partially removed as of December 2013 with the remaining structure to be removed by spring 2014.  
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Floor slabs would be patched/repaired as necessary to support the containment strategy.  Currently 

unpaved areas (i.e., the North Work Yard), or areas where demolition leaves exposed soil, would be 

paved for use as a work yard for the current tenant and would also serve as the Site containment.  Areas of 

existing cracked or otherwise degraded pavement would be repaired and/or replaced as necessary to 

provide effective containment and minimize stormwater infiltration at the Site.   

A soil vapor control system would be constructed and operated at the Site as part of the 

containment system, if additional soil vapor investigation to be conducted during remedial design 

indicates that soil vapor concentrations could represent an unacceptable risk to air quality.  An LNAPL 

recovery system using DPE will be constructed and intermittently operated in the UST Site Unit area, if 

additional LNAPL evaluation in the source area to be conducted during remedial design indicates that 

LNAPL recovery is practicable. 

A restrictive covenant would be applied to the Site that prohibits use of Site groundwater as 

potable water.  The restrictive covenant would also specify the procedures required for future intrusive 

activities that could encounter affected media, including worker health and safety requirements and 

procedures for managing potentially contaminated soil and groundwater.  The procedures would be 

established in a soil and groundwater management plan reviewed and approved by Ecology.   

Long-term compliance monitoring would be implemented to ensure that cleanup standards are 

achieved and maintained.  Compliance monitoring would evaluate groundwater quality at the proposed 

conditional point of compliance at the shoreline and surface water in the marina in proximity to the 

groundwater conditional point of compliance; groundwater compliance monitoring may include 

porewater sampling within the marine sediment near the bulkhead, depending on evaluations conducted 

during remedial design.  Surface water sampling would also be conducted elsewhere in the marina to 

establish area background concentrations for copper, and possibly other COCs monitored for groundwater 

compliance.  Soil vapor compliance monitoring would be conducted along the north Site boundary 

adjacent to Squalicum Way, as necessary, and could also be conducted elsewhere on the Site if new 

buildings are constructed within 100 ft of the UST Site Unit. 

 

14.2 IMPLEMENTATION OF SITE CLEANUP 

After considering public comment, the RI/FS will be finalized and a cleanup action alternative for 

the Site units will be selected by Ecology.  The selected cleanup action will be presented in the Site CAP, 

which will be an exhibit to a legal agreement called a consent decree.  The Site CAP will describe the 

cleanup action and specify cleanup standards and compliance monitoring requirements.  Following public 

review of the consent decree and CAP, the cleanup will progress into a series of implementation phases, 

including engineering and design, permitting, construction, and compliance monitoring.   
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Remedial design will include additional investigation and evaluation to address data gaps that 

need to be filled to finalize the design of the final cleanup action, including evaluation of the:  

 Presence of, and the practicability of recovering, LNAPL free product in the UST Site 

Unit, 

 Distribution of VOCs in soil vapor, and the need for a soil vapor recovery system as part 

of the cleanup action in the UST Site Unit area, 

 Concentrations of lead and VOCs in Site groundwater in the UST Site Unit area, and 

 Effectiveness and practicability of porewater monitoring in marine sediment near the 

bulkhead as an element of groundwater compliance monitoring   
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              I 

 

15.0 USE OF THIS REPORT 

This report was prepared for the exclusive use of the Port of Bellingham, the Washington State 

Department of Ecology, and applicable regulatory agencies, for specific application to the Weldcraft Steel 

and Marine Site.  No other party is entitled to rely on the information, conclusions, and recommendations 

included in this document without the express written consent of the Port and Landau Associates.  

Further, the reuse of information, conclusions, and recommendations provided herein for extensions of 

the project or for any other project, without review and authorization by Landau Associates, shall be at 

the user’s sole risk.  Landau Associates warrants that within the limitations of scope, schedule, and 

budget, our services have been provided in a manner consistent with that level of care and skill ordinarily 

exercised by members of the profession currently practicing in the same locality under similar conditions 

as this project.  We make no other warranty, either express or implied.  This document was prepared 

under the supervision and direction of the undersigned. 

 

LANDAU ASSOCIATES, INC. 

 

 

 

 

Lawrence D. Beard, P.E., L.G. 

Principal 

 

 

 

 

Jeffrey A. Fellows, P.E. 

Senior Associate 
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Notes

     

1. Contacts shown are based on interpolation

between exploration locations.  Actual

contacts  may be gradational and differ

from those shown.
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Note: All water levels presented on figure collected at or near low tide. 
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4. Black and white reproduction of this color

original may reduce its effectiveness and lead

to incorrect interpretation.

Sample Location

Concentration in mg/kg

SB-64

28

Indicates Estimated ConcentrationJ

Soil Boring Location Where Gasoline-like

Odor Was Noted During Drilling But No

Soil Sample for Analyses Were Conducted

30

Depth of Sample (See Note 4)(1-2 ft)

Area Where a Gasoline-like

Odor Was Noted in Borings

During Drilling

Estimated Area of Apparent Coal Material

in UST Vicinity (dashed where inferred)

Estimated Gasoline Concentration

Contour (mg/kg) (See Note 1)

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

MW-6   Boring Location Where a Sheen was

Observed at the Time of Drilling
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Wharf

Northeast Work Yard
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Weldcraft Steel and Marine
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Benzene Concentrations in Soil
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Notes

1. Site plan is based on conditions prior to the

2003/2004 Sediment Interim Action.

2. Soil samples collected from 7-11 ft BGS,

except where noted otherwise.

3. Black and white reproduction of this color

original may reduce its effectiveness and lead

to incorrect interpretation.

Area Where a

Gasoline-like Odor

Was Noted During

Drilling

SB-8

0.06

J

Sample Location with >5x

Screening Level Exceedance

(5-6.5 ft)

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Sample Location

Concentration in mg/kg

(Above Soil Screening Level of 0.005

mg/kg if Shown in Red)

Indicates Estimated Concentration

Depth of Sample (See Note 3)



Northeast Work Yard
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Weldcraft Steel and Marine

Bellingham, Washington

Diesel-Range and Oil-Range

Petroleum Hydrocarbons and

cPAH Concentrations in Soil
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TPH-D

cPAH

Area Where a Gasoline-like Odor Was Noted During

Drilling

Diesel-Range Petroleum Hydrocarbons

Oil-Range Petroleum Hydrocarbons

Carcinogenic Polycyclic Aromatic Hydrocarbons

Sample Location

Depth, ft BGS

Concentration in mg/kg

   (Individual and/or Combined Concentration

TPH-O

MW-9

Depth

TPH-D

TPH-O

cPAH

5-5.5

940

1,000

0.101

SB-601

Depth

TPH-D

TPH-O

0-1.5

<50

150

1.5-3

<50

<100

SB-6

Depth

TPH-D

TPH-O

0-1.4

<500

1,100

SB-1

Depth

TPH-D

TPH-O

1-1.4

<25

<50

SB-2

Depth

TPH-D

TPH-O

1.2-1.4

<25

<50

SB-8

Depth

TPH-D

TPH-O

4.7-5.6

340

790

CB-2, Surface

TPH-D

TPH-O

2,500

1,600

DA-2, Surface

TPH-D

TPH-O

<250

630

DA-1, Surface

TPH-D

TPH-O

690

900

DI-1, Surface

TPH-D

TPH-O

70

<100

TPH-D

TPH-O

<50

<100

UST-A, West End of

UST Excavation

TPH-D

TPH-O

<50

<100

UST-B, Bottom of

UST Excavation

TPH-D

TPH-O

<50

<100

UST-C, East End of

UST Excavation

MW-9

Depth

TPH-D

TPH-O

cPAH

5-5.5

940

1,000

0.101

DA-103

Depth

TPH-D

TPH-O

0.5

15

38

2.5

8.9

<10

8.0

72

100

DA-102

Depth

TPH-D

TPH-O

0.75

8.7

26

3.0

<5.2

<10

8.0

10

14

DA-101

Depth

TPH-D

TPH-O

0.75

14

54

2.5

7.2

17

8.0

36

55

Notes

1. Site plan is based on conditions prior to the 

2003/2004 Sediment Interim Action.

2. Black and white reproduction of this color

original may reduce its effectiveness and lead to

incorrect interpretation.

    Above TPH Soil Screening Level

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Catch Basin, Solids

Sample Location

   of 2,000 mg/kg if Shown in Red)
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Port of Bellingham

Weldcraft Steel and Marine

Bellingham, Washington

Metals Concentrations in Soil
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Concentration in mg/kg

Compound

SB-19, 0.5-2.1

Cu

Zn

247

146

 

 

Notes

1. Site plan is based on conditions prior to

the 2003/2004 Sediment Interim Action.

2. Black and white reproduction of this color

original may reduce its effectiveness and

lead to incorrect interpretation.

SB-7, 0-1.7

Cu

Hg

Ni

Zn

135

0.37

52

376

SB-17, 0.2-0.6

Cu

Hg

Ni

Zn

95.7

0.23

86

113

SB-18, 0.75-1.5

Cu

Hg

Zn

91.2

0.37

220

SB-19, 0.5-2.1

Cu

Hg

Zn

247

1.71

146

Cu

Hg

Zn

89.8

0.15

171

Composite 

Sample SB-WW

Cu

Ni

43.2

23.0

Composite Sample SB-EW

CB-2, Surface

Cu

Hg

186

0.29

Cu

Hg

44.5

0.11

Cu 41.2

UST-A, West End

of UST Excavation

Cu 55.6

UST-B, Bottom of

UST Excavation

Composite Sample

SB-Bldg3

Cu

Hg

Ni

Zn

36

0.07

48

100

Soil Screening

Levels (mg/kg)

Hg 0.1

Ni 42

Ni 27

Ni 23

Hg 0.1

Hg <0.06

Ni 17

Hg <0.06

Ni 20

Ni 22.0

Sample Location with <2x

Screening Level Exceedance

Sample Location with >2x

Screening Level Exceedance

Sample Location with >5x

Screening Level Exceedance

Cu

Ni

27.3

23

Composite Sample SB-DS

Hg <0.04

Zn 53.5

Zn 61.5

Cu 20.1

UST-C, Sidewall of

UST Excavation

Hg <0.04

Ni NA

Zn NA

Zn NA

Zn NA

NA= Not Analyzed

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Pb 77

Pb 40

Pb 50

Pb 43

Pb 15

Ni

Pb

55

24

Pb 120

Pb 28

Pb 26

Pb 14

Zn 42.5

Pb 8

Pb 250

   (Above Soil Screening Level if Shown in Red)
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Metals Concentrations in Soil
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Not Analyzed

Compound

SB-19, 0.5-2.1

Cu

Pb

Hg

Ni

Zn

247

120

NA

-

146

 

 

Cu

Pb

Hg

Ni

Zn

36

250

0.07

48

100

Notes

1. Site plan is based on conditions prior to the

2003/2004 Sediment Interim Action.

2. Black and white reproduction of this color

original may reduce its effectiveness and

lead to incorrect interpretation.

Soil Screening

Levels (mg/kg)

SB-50

Cu

Pb

Hg

Zn

11.1

NA

<0.04J

31.6

1-2

53.2

36

0.13

145

0-1Depth

SB-48

Cu

Pb

Hg

Zn

25.7

NA

NA

NA

1-2

43.3

17

50.2

0-1Depth

<0.04

SB-47

Cu

Pb

Hg

Zn

101

NA

NA

NA

2-3

126

27

0.05

91.2

0-1Depth

49.5

NA

NA

NA

1-2

SB-44

Cu

Pb

Hg

Zn

545

1140

0.44

1160

0-1Depth

SB-51

Cu

Pb

Hg

Zn

102

871

0.50

246

0-1Depth

SB-45

Cu

Pb

Hg

Zn

50.8

6

206

0-1Depth

17.1

NA

NA

114

1-2

NA

NA

NA

33.6

2-3

<0.05

SB-20

Cu

Pb

Hg

Zn

173

1160

0.13

441

0.4-1.7Depth

37.5

16

<0.04J

51.9

1-2

Sample Location with <2x

Screening Level Exceedance

Sample Location with >2x

Screening Level Exceedance

Sample Location with >5x

Screening Level Exceedance

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Ni NA30

Ni NA27

Ni NA24 NA

Ni 41

Ni 32

Ni NA NA19

Ni 31

NA

   (Above Soil Screening Level if Shown in Red)
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SB-10

VOCs

BTEX

Metals

TPH-G

MW-1

Conventionals

BTEX

Metals*

TPH-G

MW-5

BTEX

Metals*

TPH-G

Conventionals

BTEX

Metals

TPH-G

MW-3

Conventionals

BTEX

Metals*

TPH-G

MW-6

Conventionals

BTEX

Metals

TPH-G

MW-4

SB-5

Metals

VOCs

SB-16

Metals

VOCs

MW-7

TPH-G

Metals

BTEX

SB-8

TPH-G

BTEX

SB-24

TPH-G

TPH-Dx

Metals

VOCs

SB-30

TPH-G

Metals*

MW-8

TPH-G

Metals*

BTEX

MW-9

TPH-G

TPH-Dx

PAHs

MW-2

VOCs

SB-68

TPH-G

Metals

VOCs

SB-69

TPH-G

Metals

VOCs

SB-19

Metals

VOCs

Conventionals

MW-12

Metals

Conventionals

MW-11

Metals

Conventionals

MW-10

Metals

Conventionals

Metals

Conventionals

VOCsBTEX

VOCs

Conventionals

BTEX

Metals

TPH-G

Weep Hole

VOCs

VOCs

VOCs

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Notes

1. * Tested for lead only.

2. Black and white reproduction of this color

original may reduce its effectiveness and

lead to incorrect interpretation.

SW-1 and SW-2

Metals

Conventional

Surface Water Samples

Collected 500 ft from

Bulkhead off of a Pier in

Squalicum Harbor

500 ft



Vegetative Strip

Marine Way Dock Shed

Travel Lift Pier

Weep Hole

Northeast Work Yard

Port of Bellingham

Weldcraft Steel and Marine

Bellingham, Washington

Gasoline-Range Petroleum

Hydrocarbons and BTEX

Concentrations in Groundwater
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THP-G

MW-5

TPH-G

Benzene

Toulene

Ethylbenzene

Total Xylenes

2002

22,000

680

370

NA

-

 

 

Gasoline-Range Petroleum Hydrocarbons

Year Sample Collected

Concentration in µg/L

   (Concentration Above

Not Analyzed

Compound

Area Where a Gasoline-like Odor

   Groundwater Screening Level

Sample Location with >5x

Screening Level Exceedance

Was Noted During Drilling

Sample Location and

TPH-G

Benzene

800

2.4

Groundwater

Screening Levels (μg/L)

SB-8 (µg/L)

TPH-G

Benzene

Toulene

Ethylbenzene

O-Xylenes

95,000

3,500

7,400

1,800

3,900

Date 1998

MW-5 (µg/L)

TPH-G

Benzene

Toulene

Ethylbenzene

O-Xylenes

22,000

680

370

310

780

Date 2002

Toulene

Ethylbenzene

O-Xylenes

15,000

2,100

440

Surface Soil Grab Sample

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Groundwater Geoprobe Location With

No Screening Level Exceedances

Monitoring Well With No

Screening Level Exceedances

Note

1. Black and white reproduction of this color

original may reduce its effectiveness and

lead to incorrect interpretation.

   if Shown in Red)



Former Dispenser Island Pad (Soil Sample DI-1)

(Soil Sample CB-2)

Soil Sample UST-C (East End)

Soil Sample UST-B (Bottom)

Soil Sample UST-A (West End)

Squalicum Way

Marine Way Dock

Dry Storage Yard

Marine Way Dock Shed
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Catch Basin with

Welded Grate (No. 3)

Location of Former

Gasoline UST

Former Septic Tank

Catch Basin (No. 2)

Office

Layup

Catch Basin (No. 1)

South Work Yard

Finishing

Bioswale

Travel Lift Pier

Vegetative Strip

Wharf

Northeast Work Yard

Port of Bellingham

Weldcraft Steel and Marine

Bellingham, Washington

Groundwater Natural Attenuation

Parameters
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MW-5

DO

Nitrate

Ferrous Iron

0.0

<0.01

9.3

MW-3

DO

Nitrate

Ferrous Iron

0.22

0.16

<0.04

MW-6

DO

Nitrate

Ferrous Iron

0.0

0.097

0.47

MW-1

DO

Nitrate

Ferrous Iron

0.15

0.15

0.18

MW-1

DO

Nitrate

Ferrous Iron

0.15

0.15

0.18

Sample Location

Concentration in mg/L

Sulfate 300

Date 2002

5.08

2.65

NA

480

12/06A

7.45

2.68

NA

499

12/06B

Date 2002

Date 2002

Date 2002

Sulfate 62

MW-10

DO

Nitrate

Sulfate

Date

0

1.47

622

12/06A

1.38

1.86

592

12/06B

MW-11

DO

Nitrate

Sulfate

Date

3.60

0.699

1390

12/06A

2.02

0.945

1260

12/06B

MW-12

DO

Nitrate

Sulfate

Date

5.39

0.519

944

12/06A

2.45

0.219

620

12/06B

Weep Hole

Nitrate

Sulfate

Date

<1.0

996

2/07

<1.0

672

10/07

MW-7

DO

Nitrate

Sulfate

Date

4.60

<0.01

127

12/06A

4.58

0.155

186

12/06B

MW-4

DO

Nitrate

Sulfate

Date

5.03

0.982

850

12/06A

5.07

0.697

748

12/06B

Date 2002 Year Sampled

Sulfate 43

Sulfate 21

12/06A - Sampled at high tide.

12/06B - Sampled at low tide.

Monitoring Well

Groundwater Geoprobe

Surface Soil Grab Sample

Sampling Location

Legend

Fence

Railroad

Structure

Catch Basin

Pilings

Approximate

Upland Area

Bellingham Bay

On-site Paved Surfaces

Location of Outfall

Boring Location

Note

1. Black and white reproduction of this color

original may reduce its effectiveness and

lead to incorrect interpretation.



Vegetative Strip

Northeast Work Yard

SB-16

Cu

Ni

Zn

Cu

Ni

2.4

8.2

Groundwater

Screening Levels (μg/L)

Zn 81

0 60 120

Scale in Feet

Port of Bellingham

Weldcraft Steel and Marine

Bellingham, Washington

Metals Concentrations in

Groundwater
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Sample Location and Year Sampled

Not Analyzed

Concentration in µg/L

Compound

MW-3

Cu

Ni

Zn

NA

NA

NA

NA

NA

NA

6

<10

76

MW-7

Cu NA 9

1998

NA

14

-

 

 

Cu

Ni

Zn

NA

NA

NA

5
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TABLE 1
CHRONOLOGY OF SITE INVESTIGATION ACTIVITIES

WELDCRAFT STEEL AND MARINE SITE 

Page 1 of 1

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 1 - Site Activities.xls Landau Associates

Activity Year Scope of Site Explorations

Pre-Agreed Order 

Phase I ESA 1993 None

Phase II ESA 1998 33 borings

2 surface soil grabs

3 surface sediment samples

Phase III ESA 2000 4 borings

1 hand auger

4 monitoring wells

Supplemental Sediment Investigation 2000 5 surface sediment samples

Sediment Remedial Assessment 2001 7 surface sediment samples

10 subsurface sediment samples

Waste Removal and Decommissioning - 

Independent Action 2001 5 soil samples

Upland Remedial Assessment 2002 5 monitoring wells

Agreed Order 

Interim Action Marine Sediment Cleanup 2004 17 performance monitoring samples

Remedial Investigation 2006 - 2007 31 borings

3 monitoring wells

2 surface water samples

2 weep samples

Interim Action Marine Sediment Confirmational 

Sampling 2009 9 surface sediment samples



TABLE 2
SUMMARY OF SAMPLES AND ANALYSES
WELDCRAFT STEEL AND MARINE SITE

Page 1 of 5

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 2_Sample Analysis Summary.xls Landau Associates

Sample ID Soil Groundwater Sediment
Surface
Water Area

Depth 
Maximum  
(ft BGS) PID Metals SVOCs VOCs PCBs TPH BTEX cPAHs TOC TBT

Naphthalenes 
(e)

Conventionals 
(f)

Volatile Fuel 
Compounds 

(g)

PRE-AGREED ORDER

Phase II ESA
SB-1 X Weld Shop 3 X 1

SB-2 X Weld Shop 3 X 1.2

SB-3 X West Work Yard 3 X

SB-4 X West Work Yard 3 X

SB-5 X  West Work Yard 9 X   

SB-5-W  X West Work Yard 9  X X

SB-6 X Donkey Shed 3 X 0

SB-7 X Marine Way Dock Shed 3 X 0

SB-8 X  Previously removed UST 10 X 5   

SB-8-W  X Previously Removed UST 10  X X

SB-9 X Marine Way 3 X

SB-9 X North of Building 3 3 X

SB-10 X  North of Building 4 9 X  

SB-10-W  X North of Building 4 9  X

SB-11 X North of Building 5 3 X

SB-12 X East Work Yard 3 X

SB-13 X East Work Yard 3 X

SB-14 X East Work Yard 3 X

SB-15 X East Work Yard 3 X

SB-16 X  East Work Yard 9 X   

SB-16-W  X East Work Yard 9  X X

SB-17 X Tammi Lift Dock Shed 3 X 0

SB-18 X Tammi Lift 3 X 0.75

SB-19 X East Work Yard 9 X 0.5

SB-19-W X East Work Yard 9 X X

SB-20 X Former Sandblast 3 X 0.4

SB-21 X Dry Storage Yard 3 X

SB-22 X Dry Storage Yard 3 X

SB-23 X Dry Storage Yard 3 X

SB-24-W X Dry Storage Yard 9 X X

SB-25 X Former gasoline UST 8 X 7 7

SB-26 X Former gasoline UST 8 X

SB-27 X Former gasoline UST 8 X

SB-28 X Former gasoline UST 8 X

SB-29 X Former gasoline UST 8 X

SB-30 X  Former gasoline UST 8 X 7 7

SB-30-W  X Former gasoline UST 8  X X

SB-31 X Former gasoline UST 8 X

SB-32 X Former gasoline UST 8 X 1 1

SB-33 X Former gasoline UST 8 X 1 1

SB-WW-comp(a) X West Work Yard  - X 0.1

SB-Bldg3-comp(a) X North of Building 3  - X 0.1

SB-EW-comp(a) X East Work Yard  - X 0.1

SB-DS-comp(a) X Dry Storage Yard  - X 0.1

DA-1 X Drum Area, Outside the Fence Line 1 0

Analysis and Depth of Sample in Feet (b)Sample Type



TABLE 2
SUMMARY OF SAMPLES AND ANALYSES
WELDCRAFT STEEL AND MARINE SITE

Page 2 of 5

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 2_Sample Analysis Summary.xls Landau Associates

Sample ID Soil Groundwater Sediment
Surface
Water Area

Depth 
Maximum  
(ft BGS) PID Metals SVOCs VOCs PCBs TPH BTEX cPAHs TOC TBT

Naphthalenes 
(e)

Conventionals 
(f)

Volatile Fuel 
Compounds 

(g)

Analysis and Depth of Sample in Feet (b)Sample Type

DA-2 X Drum Area, Outside the Fence Line 1 0

SD-OF X Outfall 0.33 X X X X X

SD-MW X Marine Way Dock 0.33 X X X X

SD-TL X Tammi Lift 0.33 X X X X

Railway X Marine Railway Upper Intertidal 0.5 X X X

Supplemental Marine Sediment Investigation
SD2-01 X West of Marine Way Dock 0.33 X X X X

SD2-02 X Southwest of Marine Way Dock 0.33 X X X X

SD2-03 X West end of Marine Way Dock 0.33 X X X X

SD2-04 X East of Marine Way Dock 0.33 X X X X

SD2-05 X Near bulkhead east of Marine Way Dock 0.33 X X X X

Phase III ESA
DA-101 (c) X Drum Area, Outside the Fence Line 9 0.75 0.75 0.75 0.75

DA-102 (c) X Drum Area, Outside the Fence Line 9 0.75 0.75 0.75 0.75

DA-103 (c) X Drum Area, Outside the Fence Line 9 0.5 0.5 0.5 0.5

SB-601 (d) X Donkey Shed 3 0

MW-1 X Former septic tank 15 X X X

MW-2 X Former gasoline UST 15 X X X

MW-3 X Former gasoline UST 15 X X X

MW-4 X Former gasoline UST 15 X X X

Sediment Remedial Assessment 
RIFS-01 X West of Marine Way Dock 0.33 X X X X X X

RIFS-01 (0-4) X West of Marine Way Dock 0.1-4 X X

RIFS-01 (4-8) X West of Marine Way Dock 4-8 X

RIFS-02 X West of Marine Way Dock 0.33 X X X X X

RIFS-02 (0-4) X West of Marine Way Dock 0.1-4 X X

RIFS-02 (4-8) X West of Marine Way Dock 4-8 X X

RIFS-03 X East of Marine Way Dock 0.33 X

RIFS-03 (0-4) X East of Marine Way Dock 0.1-4 X X

RIFS-03 (4-8) X East of Marine Way Dock 4-8 X X

RIFS-04 X West of Marine Way Dock 0.33 X

RIFS-04 (0-4) X West of Marine Way Dock 0.1-4 X X

RIFS-04 (4-8) X West of Marine Way Dock 4-8 X X

RIFS-05 X West of Marine Way Dock 0.33 X

RIFS-06 X East of Marine Way Dock 0.33 X

RIFS-07 X West of Marine Way Dock 0.33 X

RIFS-07 (0-4) X West of Marine Way Dock 0.1-4

RIFS-07 (4-8) X West of Marine Way Dock 4-8

Waste Removal and Decommissioning - Independent Action
UST-A X West End of Former Septic Tank - 2 2

UST-B X Base of Septic Tank Excavation - 4 4

UST-C X East End of Former Septic Tank - 2 2

CB-2 X Below Base of Catch Basin No. 2 4 4 4 4

DI-1 X Below Base of Former Dispenser Island - 0



TABLE 2
SUMMARY OF SAMPLES AND ANALYSES
WELDCRAFT STEEL AND MARINE SITE

Page 3 of 5

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 2_Sample Analysis Summary.xls Landau Associates

Sample ID Soil Groundwater Sediment
Surface
Water Area

Depth 
Maximum  
(ft BGS) PID Metals SVOCs VOCs PCBs TPH BTEX cPAHs TOC TBT

Naphthalenes 
(e)

Conventionals 
(f)

Volatile Fuel 
Compounds 

(g)

Analysis and Depth of Sample in Feet (b)Sample Type

Upland Remedial Assessment
MW-5 X Former gasoline UST 16 X 10 10 10 10

MW-6 X Former gasoline UST 16 X 5 5 5 5

MW-9 X Catch Basin No. 2 26.5 X 5 5 5

MW-1 X Former septic tank 15 X X X X

MW-2 X Former gasoline UST 15 X X X

MW-3 X Former gasoline UST 15 X X X X

MW-4 X Former gasoline UST 15 X X X

MW-5 X Former gasoline UST 16 X X X X X

MW-6 X Former gasoline UST 16 X X X X

MW-7 X Shoreline of Squalicum Harbor 30 X X X

MW-8 X Sanitary sewer along Squalicum Way 15.5 X X X

MW-9 X Catch Basin No. 2 26.5 X X X

AGREED ORDER

Interim Action Marine Sediment Cleanup
SPM-1 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-2 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-3 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-4 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-5 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-6 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-7 X Marine Area -- Initial Compliance Monitoring 0.33 X X X X

SPM-8 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-9 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-10 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-11 X Marine Area -- Initial Compliance Monitoring 0.33 X X X X

SPM-12 X Marine Area -- Initial Compliance Monitoring 0.33 X X X

SPM-2A (0-4) X Marine Area - Supplemental Monitoring 7 0.33

SPM-2A (12-16) X Marine Area - Supplemental Monitoring 7 1

SPM-3A (0-4) X Marine Area - Supplemental Monitoring 7 0.33 0.33

SPM_4A (0-4) X Marine Area - Supplemental Monitoring 7 0.33

SPM-4A (12-16) X Marine Area - Supplemental Monitoring 7 1

SPM-5A (0-4) X Marine Area - Supplemental Monitoring 7 0.33 0.33

SPM-6A (0-4) X Marine Area - Supplemental Monitoring 7 0.33

SPM-6A (12-16) X Marine Area - Supplemental Monitoring 7 0.33

Remedial Investigation
SB-34 X Former gasoline UST 12 X 8

SB-35 X Former gasoline UST 12 X 9.5

SB-36 X Former gasoline UST 12 X 8

SB-37B X Former gasoline UST 12 X ---

SB-37 X Former gasoline UST 12 X 8.5

SB-38 X Former gasoline UST 12 X 8
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SUMMARY OF SAMPLES AND ANALYSES
WELDCRAFT STEEL AND MARINE SITE

Page 4 of 5

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 2_Sample Analysis Summary.xls Landau Associates

Sample ID Soil Groundwater Sediment
Surface
Water Area

Depth 
Maximum  
(ft BGS) PID Metals SVOCs VOCs PCBs TPH BTEX cPAHs TOC TBT

Naphthalenes 
(e)

Conventionals 
(f)

Volatile Fuel 
Compounds 

(g)

Analysis and Depth of Sample in Feet (b)Sample Type

SB-39 X Former gasoline UST 12 X 8

SB-40 X Former gasoline UST 12 X 8

SB-41 X Former gasoline UST 12 X 7.5

SB-42 X Former gasoline UST 12 X 8

SB-43 X Former gasoline UST 12 X 8

SB-44 X Former Sandblast 3 X 0

SB-44 X Former Sandblast 3 X 1

SB-45 X Former Sandblast 3 X 0

SB-45 X Former Sandblast 3 X 1

SB-45 X Former Sandblast 3 X 2

SB-46 X Former Sandblast 3 X 0

SB-47 X Former Sandblast 3 X 0

SB-47 X Former Sandblast 3 X 1

SB-47 X Former Sandblast 3 X 2

SB-48 X Former Sandblast 3.5 X 0

SB-48 X Former Sandblast 3.5 X 1

SB-49 X Former Sandblast 3.5 X 0

SB-50 X Former Sandblast 3.5 X 0

SB-50 X Former Sandblast 3.5 X 1

SB-51 X Former Sandblast 1.3 X 0

SB-53 X Former gasoline UST 12 X 9 9

SB-54 X Former gasoline UST 12 X 9 9

SB-55 X Former gasoline UST 12 X 10 10

SB-57 X Former gasoline UST 12 X 10 10

SB-59 X Former gasoline UST 12 X 10 10

SB-61 X Former gasoline UST 12 X 10 10

SB-62 X Former gasoline UST 12 X 10 10

SB-63 X Former gasoline UST 12 X 9 9

SB-64 X Former gasoline UST 12 X 9.5 9.5

SB-65 X Former gasoline UST 12 X 9 9

SB-66 X Former gasoline UST 12 X 9 9

SB-67 X Former gasoline UST 12 X 10.5 10.5

SB-68 X Catch Basin No. 1 12 X 1.5 1.5 1.5

Remedial Investigation (cont.)
SB-68W X Catch Basin No. 1 12 X X X

SB-69 X Catch Basin No. 3 12 X 0.66 0.66 0.66

SB-69W X Catch Basin No. 3 12 X X X

MW-3 X Former gasoline UST 15 X

MW-3A X Former gasoline UST 15 X X

MW-3B X Former gasoline UST 15 X X

MW-4 X Former gasoline UST 15 X

MW-4A X Former gasoline UST 15 X X

MW-4B X Former gasoline UST 15 X X

MW-7 X Shoreline of Squalicum Harbor 30 X

MW-7A X Shoreline of Squalicum Harbor 30 X X

MW-7B X Shoreline of Squalicum Harbor 30 X X

MW-9 X Catch Basin No. 2 26.5 X X X

MW-10 X Bulkhead 20.5 X
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5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 2_Sample Analysis Summary.xls Landau Associates

Sample ID Soil Groundwater Sediment
Surface
Water Area

Depth 
Maximum  
(ft BGS) PID Metals SVOCs VOCs PCBs TPH BTEX cPAHs TOC TBT

Naphthalenes 
(e)

Conventionals 
(f)

Volatile Fuel 
Compounds 

(g)

Analysis and Depth of Sample in Feet (b)Sample Type

MW-10A X Bulkhead 20.5 X X

MW-10B X Bulkhead 20.5 X X

MW-11 X Bulkhead 20.5 X

MW-11A X Bulkhead 20.5 X X

MW-11B X Bulkhead 20.5 X X

MW-111 (Dup 11B) X Bulkhead 20.5 X X

MW-12 X Bulkhead 19.25 X

MW-13 (Dup 12) X Bulkhead 19.25 X

MW-12A X Bulkhead 19.25 X X

MW-12B X Bulkhead 19.25 X X

Weep - KP70A X Bulkhead Weep Pipe - X X X X X

Weep - LU53A X Bulkhead Weep Pipe - X X X X X

SW-1 X Bellingham Bay - X X

SW-2 X Bellingham Bay - X X

Interim Action Marine Sediment Confirmational Sampling
SPM-1-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-2-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-3-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-4-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-5-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-6-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-7-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-8-09 X Marine Area - Compliance Monitoring 0.33 X X

SPM-9-09 X Marine Area - Compliance Monitoring 0.33 X X

(a) Represents a composite sample comprising individual samples from more than one location.

(b) Depth listed is top of soil sample interval.

(c) Additional samples were collected for TPH analysis at depths of 2.5 and 8 ft BGS at DA-101 and DA-103, and at depths of 3 and 8 ft BGS at DA-102.

(d) Additional sample collected at 1.5 ft BGS was also analyzed for TPH.

(e) Naphthalenes includes 1-methylnaphthalene, 2-methylnaphthalene, and naphthalene.

(f) Conventionals includes alkalinity, carbonate, bicarbonate, ferrous iron, nitrate, nitrite, sulfate, and total organic carbon.

(g) Volatile fuel compounds includes 1,2-dichloroethane, ethylene dibromide, and methyl tert-butyl ether.
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SMS

 SQS
d

SMS 

CSL/MCUL

Dry Weight

 SQS

Dry Weight

 CSL

Heavy Metals mg/kg-dry wt mg/kg-dry wt mg/kg-dry wt mg/kg-dry wt
7439-97-6 0.41 0.59 0.41 0.59

7440-66-6 410 960 410 960

Bulk Organotin µg/kg-dry wte

Tributyltin (as TBT ion) 79

Polycyclic Aromatic Hydrocarbons (PAHs) mg/kg OCc mg/kg OCc µg/kg dry wt µg/kg dry wt
208-96-8 66 66 1,300 1,300

206-44-0 160 1,200 1,700 2,500

86-73-7 23 79 540 540

85-01-8 100 480 1,500 1,500

Other Carbon Normalized COCs mg/kg OCc mg/kg OCc µg/kg dry wt µg/kg dry wt
132-64-9 15 58 540 540

a

b SQS is no affects value. CSL is minor affects value.

c

d

e 79 mg/kg equals site-specific no effects TBT bulk sediment screening level.

Abbreviations:
CAS Chemical Abstracts Service.

CSL Cleanup screening level.

MCUL Maximum cleanup level.

OC Organic carbon.

SMS Sediment Management Standards.

SQS Sediment Quality Standards.

wt Weight.

APPLICABLE SEDIMENT VALUES

CAS No.ANALYTE (BY GROUP) a

Numerical Criteria Notes:

Sediment Protective of Benthic Toxicity

Zinc

Mercury

Dibenzofuran

Sediment screening level determined based on most stringent applicable criteria.

WAC 173-204 Sediment 

Management

 Standards (SMS)
b

WAC 173-204 Dry Weight 

Equivalents

 of SMS Criteria

Analytes listed are those detected in site sediment.

Fluoranthene

Fluorene

Phenanthrene

Acenaphthylene

The listed values represent concentrations in parts per million "normalized" on a total organic carbon basis.  To normalize to total 

organic carbon, the dry-weight concentration for each parameter is divided by the decimal fraction representing the percent total 

organic carbon content of the sediment.
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Squalicum Harbor Tide Minimums
Difference

Date Time Seconds Elevation (ft, MLLW) Hours
6/25/2002 11:52:36 67440 -2.45

6/26/2002 12:27:36 155940 -2.19 24.6

6/27/2002 13:10:36 244920 -1.82 24.7

Average = 24.7

MW-3 Minimums
Lag Time for Minimum between MW-3 and Squalicum Harbor

Date Time Seconds Elevation (ft, MLLW) Total Hours
6/25/2002 13:49:26 76260 4.17 1.95

6/26/2002 14:29:26 165060 4.21 2.03

6/27/2002 15:00:26 253320 4.26 1.83

Average = 1.94

MW-6 Minimums
Lag Time for Minimum between MW-6 and Squalicum Harbor

Date Time Seconds Elevation (ft, MLLW) Total Hours
6/25/2002 14:29:04 81780 5.26 2.61

6/26/2002 15:07:04 170460 5.31 2.66

6/27/2002 15:36:04 258600 5.37 2.42

Average = 2.56

MLLW = Mean Lower Low Water
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Surface Water 

ARAR - Aquatic Life 

- Marine/Chronic -  

Ch. 173-201A WAC

Surface Water 

ARAR - Aquatic 

Life - 

Marine/Chronic - 

Clean Water Act 

§304

Surface Water 

ARAR - Aquatic 

Life - 

Marine/Chronic - 

National Toxics 

Rule, 40 CFR 131

Surface Water 

ARAR - Human 

Health – Marine 

– Clean Water 

Act §304

Surface 

Water ARAR - 

Human Health 

– Marine – 

National 

Toxics Rule, 

40 CFR 131

Surface Water, 

Method B, Most-

Restrictive, 

Standard Formula
a

Koc

(Soil Organic 

Carbon-Water 

Partitioning 

Coefficient) 

(L/kg)

WAC 173-

204 Marine 

SQS (mg/kg 

organic 

carbon)

WAC 173-

204 Marine 

SQS (mg/kg 

dry weight)

 Method B, 

Unrestricted Land 

Use

(ma-wac) (ma-cwa) (ma-ntr) (hh-cwa) (hh-ntr) (sw-b) (sed) (vi-b) (gw-a) (pql)
Total Petroleum Hydrocarbons

Gasoline Range Hydrocarbons in ug/L 86290-81-5 800 250 800 (gw-a)
Diesel Range Hydrocarbons in ug/L 68334-30-5 500 250 500 (gw-a)
Oil Range Hydrocarbons in ug/L TPH-Oil 500 500 500 (gw-a)

Heavy Metals
Antimony ug/L 7440-36-0 640 4300 0.2 640 (hh-cwa)
Arsenic in ug/L

e
7440-38-2 36 36 36 0.14 0.14 57 2000 5 0.5 5 (gw-a)

Beryllium ug/L 7440-41-7 270 0.2 270 (sw-b)
Cadmium in ug/L 7440-43-9 9.3 8.8 9.3 41 5.1 0.1 8.8 (ma-cwa)
Chromium (III) in ug/L 1308-38-9 0.2

Copper in ug/L 7440-50-8 3.1 3.1 2.4 2900 390 18000 0.5 2.4 (ma-ntr)
Lead in ug/L 7439-92-1 8.1 8.1 8.1 450 45 0.1 8.1 (ma-wac)
Mercury in ug/L 7439-97-6 0.025 0.94 0.025 0.15 0.41 7.9 0.89 0.001 0.025 (ma-wac)
Nickel in ug/L 7440-02-0 8.2 8.2 8.2 4600 4600 0.5 8.2 (ma-wac)
Selenium in ug/L 7782-49-2 71 71 71 4200 1 71 (ma-wac)
Zinc in ug/L 7440-66-6 81 81 81 26000 410 6600 4 81 (ma-wac)

Volatile Organic Compounds
1,1,1-Trichloroethane in ug/L 71-55-6 930000 140 11000 0.5 11000 (vi-b)
1,2,4-Trimethylbenzene in ug/L 95-63-6 24 2 24 (vi-b)
1,3,5-Trimethylbenzene in ug/L 108-67-8 25 2 25 (vi-b)
Benzene in ug/L 71-43-2 51 71 62 2.4 0.5 2.4 (vi-b)
Carbon tetrachloride in ug/L 56-23-5 1.6 4.4 150 0.22 0.5 0.5 (pql)
Ethylbenzene in ug/L 100-41-4 2100 29000 200 2800 0.5 2100 (hh-cwa)
Isopropylbenzene in ug/L 98-82-8 720 2 720 (vi-b)
m,p-Xylenes in ug/L 179601-23-1 0.5

n-Propylbenzene in ug/L 103-65-1 2

o-Xylene in ug/L 95-47-6 240 440 0.5 440 (vi-b)
p-Isopropyltoluene in ug/L 99-87-6 2

sec-Butylbenzene in ug/L 135-98-8 2

Toluene in ug/L 108-88-3 15000 200000 140 15000 0.5 15000 (hh-cwa)
Trichloroethene (TCE) in ug/L 79-01-6 30 81 94 0.42 0.5 0.5 (pql)
Xylenes (total) in ug/L 1330-20-7 230 2

Naphthalene in ug/L 91-20-3 4900 1200 99 83 170 0.2 83 (sed)
Polycyclic Aromatic Hydrocarbons (PAHs)

Naphthalene in ug/L 91-20-3 4900 1200 99 83 170 0.01 83 (sed)
1-Methylnaphthalene in ug/L 90-12-0 0.01

2-Methylnaphthalene in ug/L 91-57-6 38 0.01

Benz(a)anthracene in ug/L 56-55-3 0.018 0.031 360000 110 0.31 0.01 0.018 (hh-cwa)
Benzo(a)pyrene in ug/L 50-32-8 0.018 0.031 970000 99 0.1 0.01 0.018 (hh-cwa)
Benzo(b)fluoranthene in ug/L 205-99-2 0.018 0.031 1200000 0.01 0.018 (hh-cwa)
Benzo(k)fluoranthene in ug/L 207-08-9 0.018 0.031 1200000 0.01 0.018 (hh-cwa)
Benzofluoranthenes (total) (mg/L) Total Benzo. 1200000 230 0.19 0.19 (sed)
Chrysene in ug/L 218-01-9 0.018 0.031 400000 110 0.28 0.01 0.018 (hh-cwa)
Dibenzo(a,h)anthracene in ug/L 53-70-3 0.018 0.031 1800000 12 0.0067 0.01 0.01 (pql)
Indeno(1,2,3-cd)pyrene in ug/L 193-39-5 0.018 0.031 3500000 34 0.0097 0.01 0.01 (pql)

Criteria Notes: Process Notes:
Blank cells are intentional. 1

a

2

b

c

d Abbreviations: Kd Distribution coefficient.

e ARAR Applicable or Relevant and Appropriate Requirement. Koc Soil organic carbon water partitioning coefficient.

f CAS Chemical Abstracts Service. PQL Practical Quantitation Limit.

Ch Chapter. RI Remedial Investigation.

Inc. (Kelso, WA) and Analytical Resources, Inc. (Tukwila, WA). CFR Code of Federal Regulations. SQS Sediment quality standards.

g Ecology Washington State Department of Ecology. WAC Washington Administrative Code.

29

CAS No.

Groundwater Protective of Surface Water

Unrestricted Land Use

Groundwater Protective of Sediment 1

Partitioning/Distribution 
Coefficients b

Kd

(Distribution 

Coefficient for 

metals) 

(L/kg)

Method A,
Groundwater

Groundwater 
Protective of 

Vapor Intrusion d,2

Most Stringent Groundwater 
Screening Level g

(This value may vary by land use if 

most stringent value is associated 

with vapor intrusion.)

From Table B-1 (Appendix B) of Ecology's Guidance for Evaluation of Soil Vapor Intrusion (Ecology 2009). 

Applicable
Practical 

Quantitation 
Level (PQL)

for RI Analysesf

Marine Sediment Quality 
Standards 

Calculated 
Porewater 

Concentration 
Protective of 

Marine Sedimentc

APPLICABLE GROUNDWATER VALUES

62

52
65
5

22
10000

ANALYTE (BY GROUP)

45

Most stringent of values protective of marine surface water, sediment, and vapor intrusion.

In accordance with WAC 173-340-730(3)(b)(iii), if sufficiently protective health-based criteria or standards have not been established under applicable state and  

Values from Ecology's CLARC Database May 15, 2012; except as noted.

Calculated assuming equilibrium partitioning: Cw (porewater) = Sediment Quality Standard (SQS; WAC 173-204-320) / Kd.

PQL is the lowest concentration that can be reliably measured within specified limits of precision, accuracy, representativeness, completeness, and  

comparability during routine laboratory operating conditions, using department approved methods. Values are reported from Columbia Analytical Services,

For arsenic, state-wide background arsenic concentration of 5 µg/L from WAC 173-340-900 Table 720-1 is considered applicable based on site-specific hydrogeology.

Groundwater concentrations that are protective of sediments are calculated using an equilibration partitioning method. Site-specific data (e.g.,   

Remedial Action, Draft 2009. Values vary based on site-specific land use (i.e., industrial or unrestricted).

Values protective of vapor intrusion from Table B-1 of Ecology’s Guidance for Evaluating Soil Vapor Intrusion in Washington State: Investigation and 

federal laws, Method B values have been developed. Method B values are most restrictive of carcinogenic or non-carcinogenic values presented in Ecology's

Cleanup Levels and Risk Calculation (CLARC) Database and pulled on May 15, 2012.  A Method B value is not listed when it is either not available or an applicable

surface water criteria meets the minimum 10-5 standard for carcinogens and HI-1 for non-carcinogens.

distribution coefficient [Kd], soil organic carbon water partitioning coefficient [Koc], etc.) can be used to calculate if porewater is protective of

sediments. In this table, the equilibrium partitioning equation is used with default parameters and is defined to achieve sediment concentrations

protective of benthic toxicity. 
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Unsaturated Soil 
Concentration 

Protective of 

Leachability to 

Groundwater 

(mg/kg)
b

Saturated Soil 
Concentration 

Protective of 

Leachability to 

Groundwater(mg/k

g)
c

Soil, Method A, 

Unrestricted 

Land Use, Table 

Value (mg/kg)
a,e

Soil, Method B, Most-

Restrictive Standard Formula 

Value, Direct Contact 

(ingestion only), Unrestricted 

Land Use (mg/kg)
a,f

(gwl-u) (gwl-s) (mA) (mB) (back) (pql)
Total Petroleum Hydrocarbons

86290-81-5 800 30
j

¥ 5 30 (mA) 30 (mA)
68334-30-5 500 2000 ¥ 25 2000 (mA) 2000 (mA)

TPH-Oil 500 2000 ¥ 100 2000 (mA) 2000 (mA)
Heavy Metals

7440-36-0 640 45 0 580 29 320 0.5 320 (mB) 29 (gwl-s)
7440-38-2 5 29 0 2.9 0.15 20 0.67 20

k
0.5 20 (back) 20 (back)

7440-41-7 270 790 0 4300 210 160 0.6 0.5 160 (mB) 160 (mB)
7440-43-9 8.8 0 80 1 0.1 80 (mB) 80 (mB)
1308-38-9 0.2

7440-50-8 2.4 22 0 1.1 0.053 3200 36 0.2 36 (back) 36 (back)
7439-92-1 8.1 10000 0 1600 81 250 24 0.1 250 (mA) 81 (gwl-s)
7439-97-6 0.025 52 0.47 0.026 0.0013 24 0.07 0.025 0.07 (back) 0.07 (back)
7440-02-0 8.2 65 0 11 0.54 1600 48 0.5 48 (back) 48 (back)
7782-49-2 71 5 0 7.4 0.38 400 1 7.4 (gwl-u) 1 (pql)
7440-66-6 81 62 0 100 5 24000 85 1 100 (gwl-u) 85 (back)

Volatile Organic Compounds
71-55-6 11000 140 0.71 88 4.7 160000 0.005 88 (gwl-u) 4.7 (gwl-s)
95-63-6 24 0.02

108-67-8 25 800 0.02 800 (mB) 800 (mB)
71-43-2 2.4 62 0.23 0.014 0.00084 18 0.005 0.014 (gwl-u) 0.005 (pql)
56-23-5 0.5 150 1.3 0.0046 0.00022 14 0.005 0.005 (pql) 0.005 (pql)

100-41-4 2100 200 0.32 18 1 8000 0.005 18 (gwl-u) 1 (gwl-s)
98-82-8 720 8000 0.02 8000 (mB) 8000 (mB)

103-65-1 8000 0.02 8000 (mB) 8000 (mB)
99-87-6 0.02

95-47-6 440 240 0.21 4 0.23 16000 0.005 4 (gwl-u) 0.23 (gwl-s)
135-98-8 0.02

108-88-3 15000 140 0.27 110 6.4 6400 0.005 110 (gwl-u) 6.4 (gwl-s)
79-01-6 0.5 94 0.42 0.0033 0.00019 11 0.005 0.005 (pql) 0.005 (pql)

1330-20-7 230 0.28 16000 0.02 16000 (mB) 16000 (mB)
Polycyclic Aromatic Hydrocarbons (PAHs)

90-12-0 83 35 0.005 35 (mB) 35 (mB)
91-57-6 320 0.005 320 (mB) 320 (mB)
91-20-3 83 1200 0.02 2.3 0.12 1600 0.005 2.3 (gwl-u) 0.12 (gwl-s)

Total Naph

56-55-3 0.018 360000 0.00014 0.13 0.0065 1.4 0.005 0.13 (gwl-u) 0.0065 (gwl-s)
50-32-8 0.018 970000 0.000046 0.35 0.017 0.14 0.005 0.14 (mB) 0.017 (gwl-s)

205-99-2 0.018 1200000 0.0046 0.43 0.022 1.4 0.005 0.43 (gwl-u) 0.022 (gwl-s)
207-08-9 0.018 1200000 0.000034 0.43 0.022 14 0.005 0.43 (gwl-u) 0.022 (gwl-s)
218-01-9 0.018 400000 0.0039 0.14 0.0072 140 0.005 0.14 (gwl-u) 0.0072 (gwl-s)
53-70-3 0.01 1800000 0.0000006 0.36 0.018 0.14 0.005 0.14 (mB) 0.018 (gwl-s)

193-39-5 0.01 3500000 0.000066 0.7 0.035 1.4 0.005 0.7 (gwl-u) 0.035 (gwl-s)
Total cPAHs TEF 0.14 0.14 (mB) 0.14 (mB)

Toluene

Xylenes (total)

Trichloroethene (TCE)

o-Xylene

1-Methylnaphthalene

Dibenzo(a,h)anthracene

Indeno(1,2,3-cd)pyrene

2-Methylnaphthalene

Total Naphthalenes

Benz(a)anthracene

Copper

Cadmium

Chromium (III)

Lead

Isopropylbenzene

Naphthalene

1,3,5-Trimethylbenzene

Benzene

Carbon tetrachloride

n-Propylbenzene

Ethylbenzene

p-Isopropyltoluene

sec-Butylbenzene

Arsenic

Beryllium

Mercury

1,1,1-Trichloroethane

1,2,4-Trimethylbenzene

Zinc

Nickel

Selenium

Oil Range Hydrocarbons

Antimony

Most Stringent Unrestricted Soil 
Screening Level (mg/kg) i

(This value may vary for saturated 

versus unsaturated soil if most stringent 

value is associated with groundwater 

intrusion.)

Unsaturated Soil Saturated Soil

Natural 

Background 

Concentration

(mg/kg)
g

Applicable

Practical 

Quantitation 

Level (PQL)

for RI Analyses 

(mg/kg)
h

ANALYTE (BY GROUP)

Henrys 

Law 

Constant 

(Hcc; 

unitless)

Soil Protective of
Direct Contact by Humans d,1

APPLICABLE SOIL VALUES

Kd 

(Distribution 

Coefficient for 

metals) (L/kg)

Gasoline Range Hydrocarbons

Diesel Range Hydrocarbons

Calculated Values

Most Stringent 

Groundwater 

Screening Level 

(see Table 6)

(refer to Table 6)CAS No.

Soil Protective of Groundwater 2,3

Constants and Coefficients a

Koc (Soil 

Organic 

Carbon-Water 

Partitioning 

Coefficient) 

(L/kg)

Benzo(a)pyrene

Total cPAHs TEQ

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-HCID
Gas Range 30 30 20 U 20 U 400 U 3200
Diesel Range 2000 (h) 2000 (h) 25 U 25 U 500 U 340
Oil Range 2000 (h) 2000 (h) 50 U 50 U 1100 790

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-D
Diesel Range (f) 2000 (h) 2000 (h)

Oil Range (f) 2000 (h) 2000 (h)

Total petroleum hydrocarbons  2000 (h) 2000 (h)

Method NWTPH-G
Gas Range 30 30 180 J 26 J 5.4 UJ

BTEX (mg/kg)
Method 8020
Benzene 0.014 0.005 8.1 J 0.22 J 0.054 UJ

Toluene 110 64 3.2 J 1.2 J 0.054 UJ

Ethylbenzene 18 1 5 J 0.56 J 0.081 J

m,p-Xylene -- -- 27 J 2 J 0.39 J

o-Xylene 4 0.23 4.6 J 0.96 J 0.054 UJ

Total Xylenes 16,000 16,000 31.6 2.96 0.39 J

PRIORITY POLLUTANT METALS (mg/kg)
Antimony (6010) 320 29 7 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Arsenic (6010) 20 20 5 U 6 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Beryllium (6010) 160 160 0.3 0.2 0.3 0.2 0.1 0.2 0.2 0.2 0.2
Cadmium (6010) 80 80 0.6 0.3 0.6 0.4 0.9 0.4 0.3 0.2 0.2
Chromium (6010) -- -- 38.5 28.4 51.7 29.9 35.4 36.5 26.5 27.6 23.4
Copper (6010) 36 36 135 95.7 91.2 247 173 89.8 44.5 43.2 27.3
Lead (6010) 250 81 40 50 43 120 1160 77 36 15 8
Mercury (7471) 0.07 0.07 0.37 0.23 0.37 1.71 0.13 0.15 0.11 0.10 0.04 U

Nickel (6010) 48 48 52 86 42 23 31 27 22 23 23
Selenium (6010) 7.4 1.0 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Zinc (6010) 100 85 376 113 220 146 441 171 61.5 53.5 42.5

VOLATILES (mg/kg)
EPA Method SW8260
1,1,1-Trichloroethane 88 4.7

Carbon Tetrachloride 0.005 0.005

Trichloroethene 0.005 0.005

Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

1,3,5-Trimethylbenzene 800 800

1,2,4-Trimethylbenzene -- --

Isopropylbenzene 8000 8000

n-Propylbenzene 8000 8000

sec-Butylbenzene -- --

p-Isopropyltoluene -- --

Naphthalene 0.27 0.12

SEMIVOLATILES (mg/kg)
EPA Method SW8270
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Soil Screening Levels (a)

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

Soil Screening Levels (a)

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998

PAHs (mg/kg)
SW8270-SIM
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

1-Methylnaphthalene 35 35

Total naphthalene -- --

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Total cPAH - benzo(a)pyrene TEQ (g) 0.14 0.14



TABLE 8
DETECTED CONSTITUENTS IN SOIL SAMPLES 
AND COMPARISON TO SCREENING LEVELS

WELDCRAFT STEEL AND MARINE SITE

Page 3 of 10

5/14/2014P:\001\024\FileRm\R\05-14 RI-FS\RI-FS Tables\RIFS Table 8_Soil Detects.xls Landau Associates

Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-HCID
Gas Range 30 30

Diesel Range 2000 (h) 2000 (h)

Oil Range 2000 (h) 2000 (h)

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-D
Diesel Range (f) 2000 (h) 2000 (h)

Oil Range (f) 2000 (h) 2000 (h)

Total petroleum hydrocarbons  2000 (h) 2000 (h)

Method NWTPH-G
Gas Range 30 30

BTEX (mg/kg)
Method 8020
Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

Total Xylenes 16,000 16,000

PRIORITY POLLUTANT METALS (mg/kg)
Antimony (6010) 320 29

Arsenic (6010) 20 20

Beryllium (6010) 160 160

Cadmium (6010) 80 80

Chromium (6010) -- --

Copper (6010) 36 36

Lead (6010) 250 81

Mercury (7471) 0.07 0.07

Nickel (6010) 48 48

Selenium (6010) 7.4 1.0

Zinc (6010) 100 85

VOLATILES (mg/kg)
EPA Method SW8260
1,1,1-Trichloroethane 88 4.7

Carbon Tetrachloride 0.005 0.005

Trichloroethene 0.005 0.005

Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

1,3,5-Trimethylbenzene 800 800

1,2,4-Trimethylbenzene -- --

Isopropylbenzene 8000 8000

n-Propylbenzene 8000 8000

sec-Butylbenzene -- --

p-Isopropyltoluene -- --

Naphthalene 0.27 0.12

SEMIVOLATILES (mg/kg)
EPA Method SW8270
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Soil Screening Levels (a)

200 UJ 200 UJ 20 U 470
690 J 250 UJ 50 U 50 U

900 J 630 J 100 U 100 U

14 7.2 36 8.7 5.2 U 10 15 8.9 72 50 U 50 U

54 17 55 26 10 U 14 38 10 U 100 150 100 U

68 24.2 91 34.7 ND 24 53 8.9 172 200 ND

5.7 UJ 20 U 20 U

0.057 UJ

0.057 UJ

0.057 UJ

0.072 J

0.057 UJ

0.072 J

6 U 6 U

0.2 U 0.3
21.2 22.5
41.2 55.6

28 26
0.06 U 0.06 U

17 20

0.0010 U 0.0011 U 0.0011 U

0.0019 0.0043 0.0013
0.0094 0.015 0.0044
0.0010 U 0.0011 U 0.0011 U

0.0014 0.0022 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0010 U 0.0011 U 0.0011 U

0.0052 U 0.0054 U 0.0053 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

0.0690 U 0.071 U 0.069 U

DrumDrum

2.5

7/12/2000

SB-33

5-7.5

Area 1

surface

1/23/1998

3

7/12/2000

Area 2

surface

1/23/19981/21/1998

DA101

0.75

7/12/2000

DA101 DA101

8

7/12/2000

DA102

8

7/12/2000

DA102

0.75

7/12/2000

DA102 DA103

0.5

7/12/2000

DA103

2.5

7/12/2000

DA103

8

7/12/2000

SB-601A

0.0-1.5

8/17/2000

SB-601B

1.5-3.0

8/17/2000

UST-A

sidewall

1/4/2001

UST-B

base

1/4/2001
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

Soil Screening Levels (a)

PAHs (mg/kg)
SW8270-SIM
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

1-Methylnaphthalene 35 35

Total naphthalene -- --

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Total cPAH - benzo(a)pyrene TEQ (g) 0.14 0.14

DrumDrum

2.5

7/12/2000

SB-33

5-7.5

Area 1

surface

1/23/1998

3

7/12/2000

Area 2

surface

1/23/19981/21/1998

DA101

0.75

7/12/2000

DA101 DA101

8

7/12/2000

DA102

8

7/12/2000

DA102

0.75

7/12/2000

DA102 DA103

0.5

7/12/2000

DA103

2.5

7/12/2000

DA103

8

7/12/2000

SB-601A

0.0-1.5

8/17/2000

SB-601B

1.5-3.0

8/17/2000

UST-A

sidewall

1/4/2001

UST-B

base

1/4/2001
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-HCID
Gas Range 30 30

Diesel Range 2000 (h) 2000 (h)

Oil Range 2000 (h) 2000 (h)

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-D
Diesel Range (f) 2000 (h) 2000 (h)

Oil Range (f) 2000 (h) 2000 (h)

Total petroleum hydrocarbons  2000 (h) 2000 (h)

Method NWTPH-G
Gas Range 30 30

BTEX (mg/kg)
Method 8020
Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

Total Xylenes 16,000 16,000

PRIORITY POLLUTANT METALS (mg/kg)
Antimony (6010) 320 29

Arsenic (6010) 20 20

Beryllium (6010) 160 160

Cadmium (6010) 80 80

Chromium (6010) -- --

Copper (6010) 36 36

Lead (6010) 250 81

Mercury (7471) 0.07 0.07

Nickel (6010) 48 48

Selenium (6010) 7.4 1.0

Zinc (6010) 100 85

VOLATILES (mg/kg)
EPA Method SW8260
1,1,1-Trichloroethane 88 4.7

Carbon Tetrachloride 0.005 0.005

Trichloroethene 0.005 0.005

Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

1,3,5-Trimethylbenzene 800 800

1,2,4-Trimethylbenzene -- --

Isopropylbenzene 8000 8000

n-Propylbenzene 8000 8000

sec-Butylbenzene -- --

p-Isopropyltoluene -- --

Naphthalene 0.27 0.12

SEMIVOLATILES (mg/kg)
EPA Method SW8270
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Soil Screening Levels (a)

20 U 41
50 U 70  

100 U 100 U

2500 940
1600 1000
4100 1940

2300 5.4 U 20 210 1900 550 730 720 1800 31 9.8 2400

44 0.0011 U

61 0.0015
63 0.0011 U

400 0.0011 U

130 0.0011 U

530 0.0011 U

5 U 8

0.3 0.8
16.5 24.7
20.1 186

14 55 32 3
0.04 U 0.29

16 24

0.0054 U

0.0054 U

0.0054 U

0.0054 U

0.0092
0.810
0.070
0.037
0.086
0.220
0.017
0.018 M

0.013 M

0.024
0.140

UST-C

sidewall

1/4/2001

DI-1

surface

1/4/2001

CB-2

surface

1/4/2001

MW-5

10-11.5

5/22/2002

MW-6

5-6.5

5/23/2002

MW-9

5-5.5

5/22/2002

SB-34

8-9

5/8/2006

SB-35

9.5-10

5/8/2006

SB-36

8-8.5

5/8/2006

SB-37B

8.5-9.5

5/8/2006

SB-37

8.5-9.5

5/8/2006

SB-38

8-9

5/8/2006

SB-39

8-8.5

5/8/2006

SB-40

8-8.5

5/8/2006

SB-41

7.5-8

5/8/2006

SB-42

8-8.5

5/8/2006
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

Soil Screening Levels (a)

PAHs (mg/kg)
SW8270-SIM
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

1-Methylnaphthalene 35 35

Total naphthalene -- --

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Total cPAH - benzo(a)pyrene TEQ (g) 0.14 0.14

UST-C

sidewall

1/4/2001

DI-1

surface

1/4/2001

CB-2

surface

1/4/2001

MW-5

10-11.5

5/22/2002

MW-6

5-6.5

5/23/2002

MW-9

5-5.5

5/22/2002

SB-34

8-9

5/8/2006

SB-35

9.5-10

5/8/2006

SB-36

8-8.5

5/8/2006

SB-37B

8.5-9.5

5/8/2006

SB-37

8.5-9.5

5/8/2006

SB-38

8-9

5/8/2006

SB-39

8-8.5

5/8/2006

SB-40

8-8.5

5/8/2006

SB-41

7.5-8

5/8/2006

SB-42

8-8.5

5/8/2006

0.190
0.330
0.200
0.720
0.084
0.140 J

0.097
0.090
0.069
0.030
0.021 U

0.101
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-HCID
Gas Range 30 30

Diesel Range 2000 (h) 2000 (h)

Oil Range 2000 (h) 2000 (h)

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-D
Diesel Range (f) 2000 (h) 2000 (h)

Oil Range (f) 2000 (h) 2000 (h)

Total petroleum hydrocarbons  2000 (h) 2000 (h)

Method NWTPH-G
Gas Range 30 30

BTEX (mg/kg)
Method 8020
Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

Total Xylenes 16,000 16,000

PRIORITY POLLUTANT METALS (mg/kg)
Antimony (6010) 320 29

Arsenic (6010) 20 20

Beryllium (6010) 160 160

Cadmium (6010) 80 80

Chromium (6010) -- --

Copper (6010) 36 36

Lead (6010) 250 81

Mercury (7471) 0.07 0.07

Nickel (6010) 48 48

Selenium (6010) 7.4 1.0

Zinc (6010) 100 85

VOLATILES (mg/kg)
EPA Method SW8260
1,1,1-Trichloroethane 88 4.7

Carbon Tetrachloride 0.005 0.005

Trichloroethene 0.005 0.005

Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

1,3,5-Trimethylbenzene 800 800

1,2,4-Trimethylbenzene -- --

Isopropylbenzene 8000 8000

n-Propylbenzene 8000 8000

sec-Butylbenzene -- --

p-Isopropyltoluene -- --

Naphthalene 0.27 0.12

SEMIVOLATILES (mg/kg)
EPA Method SW8270
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Soil Screening Levels (a)

830

10 U 5 U 5 U 6 5 U 5 U 6 U 10 U

545 37.5 50.8 17.1 13.9 126 49.5 101 43.3 25.7 19.2 53.2 11.1 102
1140 16 6 9 27 17 4 36 871
0.44 0.04 UJ 0.05 U 0.04 U 0.05 0.04 U 0.08 0.13 0.04 UJ 0.50

41 19 22 24 27 24 30 32

1160 51.9 206 114 33.6 39.6 91.2 50.2 61.7 145 31.6 246

SB-43

8-8.5

5/8/2006

SB-44-0-1

0-1

5/8/2006

SB-44-1-2

1-2

5/8/2006

SB-45-0-1

0-1

5/8/2006

SB-45-1-2

1-2

5/8/2006

SB-45-2-3

2-3

5/8/2006

SB-46-0-1

0-1

5/8/2006

SB-47-0-1

0-1

5/8/2006

SB-47-1-2

1-2

5/8/2006

SB-47-2-3

2-3

5/8/2006

SB-48-0-1

0-1

6/29/2006

SB-48-1-2

1-2

6/29/2006

SB-49-0-1

0-1

6/29/2006

SB-50-0-1

0-1

6/29/2006

SB-50-1-2

1-2

6/29/2006

SB-51-0-1

0-1

6/29/2006
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

Soil Screening Levels (a)

PAHs (mg/kg)
SW8270-SIM
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

1-Methylnaphthalene 35 35

Total naphthalene -- --

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Total cPAH - benzo(a)pyrene TEQ (g) 0.14 0.14

SB-43

8-8.5

5/8/2006

SB-44-0-1

0-1

5/8/2006

SB-44-1-2

1-2

5/8/2006

SB-45-0-1

0-1

5/8/2006

SB-45-1-2

1-2

5/8/2006

SB-45-2-3

2-3

5/8/2006

SB-46-0-1

0-1

5/8/2006

SB-47-0-1

0-1

5/8/2006

SB-47-1-2

1-2

5/8/2006

SB-47-2-3

2-3

5/8/2006

SB-48-0-1

0-1

6/29/2006

SB-48-1-2

1-2

6/29/2006

SB-49-0-1

0-1

6/29/2006

SB-50-0-1

0-1

6/29/2006

SB-50-1-2

1-2

6/29/2006

SB-51-0-1

0-1

6/29/2006
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-HCID
Gas Range 30 30

Diesel Range 2000 (h) 2000 (h)

Oil Range 2000 (h) 2000 (h)

TOTAL PETROLEUM HYDROCARBONS (mg/kg)
Method NWTPH-D
Diesel Range (f) 2000 (h) 2000 (h)

Oil Range (f) 2000 (h) 2000 (h)

Total petroleum hydrocarbons  2000 (h) 2000 (h)

Method NWTPH-G
Gas Range 30 30

BTEX (mg/kg)
Method 8020
Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

Total Xylenes 16,000 16,000

PRIORITY POLLUTANT METALS (mg/kg)
Antimony (6010) 320 29

Arsenic (6010) 20 20

Beryllium (6010) 160 160

Cadmium (6010) 80 80

Chromium (6010) -- --

Copper (6010) 36 36

Lead (6010) 250 81

Mercury (7471) 0.07 0.07

Nickel (6010) 48 48

Selenium (6010) 7.4 1.0

Zinc (6010) 100 85

VOLATILES (mg/kg)
EPA Method SW8260
1,1,1-Trichloroethane 88 4.7

Carbon Tetrachloride 0.005 0.005

Trichloroethene 0.005 0.005

Benzene 0.014 0.005

Toluene 110 64

Ethylbenzene 18 1

m,p-Xylene -- --

o-Xylene 4 0.23

1,3,5-Trimethylbenzene 800 800

1,2,4-Trimethylbenzene -- --

Isopropylbenzene 8000 8000

n-Propylbenzene 8000 8000

sec-Butylbenzene -- --

p-Isopropyltoluene -- --

Naphthalene 0.27 0.12

SEMIVOLATILES (mg/kg)
EPA Method SW8270
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Soil Screening Levels (a)

180 220 15,000 59 78 86 24 120 28 57 66 64 5.2 U 5.8 U

0.39 1.1 0.90 U 0.29 0.17 0.07 0.01 U 0.81 0.06 0.45 0.33 0.23
2.0 5.0 27.0 1.4 0.84 0.46 0.05 3.8 0.33 2.00 1.6 1.2

0.98 2.0 31.0 0.62 0.54 0.29 0.03 1.5 0.20 0.84 0.78 0.58
3.0 6.4 73.0 2.3 1.9 1.1 0.10 5.2 0.68 2.8 2.4 2.1
1.6 3.1 13.0 1.2 0.75 0.49 0.06 2.6 0.38 1.3 1.2 1.1
4.5 9.5 85.0 3.4 2.6 1.6 0.15 7.8 1.1 4.1 3.6 3.2

10.4 9.3
2 U 2 U

0.04 U 0.05 U

19 15

26 27

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.001 U 0.001 U

0.052 U 0.049 U

SB-53-9-10

9-10

6/30/2006

SB-54-9-10

9-10

6/30/2006

SB-55-10-11

10-11

6/30/2006

SB-57-10-11

10-11

6/30/2006

SB-59-10-11

10-11

6/30/2006

SB-61-10-11

10-11

6/30/2006

SB-62-10-11

10-11

6/30/2006

SB-63-9-10

9-10

6/30/2006

SB-67-10.5-11.5

10.5-11.5

6/30/2006

SB-64-9.5-10.5

9.5-10.5

6/30/2006

SB-65-9-10

9-10

6/30/2006

Dup of SB-65

SB-68-1.5-2

1.5-2

10/22/2007

SB-69-0.66-1

0.66-1

10/22/2007

SB-66-9-10

9-10

6/30/2006
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Location:

Sample Depth (ft BGS)

Date Collected: Unsaturated soil Saturated soil

Soil Screening Levels (a)

PAHs (mg/kg)
SW8270-SIM
Naphthalene 2.3 0.12

2-Methylnaphthalene 320 320

1-Methylnaphthalene 35 35

Total naphthalene -- --

Benzo(a)anthracene 0.13 0.0065

Chrysene 0.14 0.0072

Benzo(b)fluoranthene 0.43 0.022

Benzo(k)fluoranthene 0.43 0.022

Benzo(a)pyrene 0.14 0.017

Indeno(1,2,3-cd)pyrene 0.7 0.035

Dibenz(a,h)anthracene 0.14 0.018

Total cPAH - benzo(a)pyrene TEQ (g) 0.14 0.14

SB-53-9-10

9-10

6/30/2006

SB-54-9-10

9-10

6/30/2006

SB-55-10-11

10-11

6/30/2006

SB-57-10-11

10-11

6/30/2006

SB-59-10-11

10-11

6/30/2006

SB-61-10-11

10-11

6/30/2006

SB-62-10-11

10-11

6/30/2006

SB-63-9-10

9-10

6/30/2006

SB-67-10.5-11.5

10.5-11.5

6/30/2006

SB-64-9.5-10.5

9.5-10.5

6/30/2006

SB-65-9-10

9-10

6/30/2006

Dup of SB-65

SB-68-1.5-2

1.5-2

10/22/2007

SB-69-0.66-1

0.66-1

10/22/2007

SB-66-9-10

9-10

6/30/2006

ND = Not Detected.

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

UJ = The analyte was not detected in the sample; the reported sample reporting limit is an estimate.

J = Estimated concentration.

M = Indicates an estimated value of analyte found and confirmed by analyst but with low spectral match.

Bold values indicate concentration detected above laboratory reporting limits.

Boxed value indicates concentration is above the screening level.

Blank indicates compound was not analyzed for.

(a) Soil screening levels based on lowest soil criteria adjusted up to PQL or background values 

       (excluding MTCA Method A), except as indicated otherwise.

(b)  Composite of samples from borings SB-3, SB-4, and SB-5.

(c)  Composite of samples from borings SB-9, SB-10, and SB-11.

(d)  Composite of samples from borings SB-12 through SB-16.

(e)  Composite of samples from borings SB-21, SB-22, and SB-23.

(f)  Beginning with May 2002 data, TPH samples were silica/acid cleaned.

(g)  A toxicity equivalency quotient (TEQ) will be completed for each sample containing carcinogenic PAHs above reporting limits and the sum

      of the TEQS will be compared to the benzo(a)pyrene cleanup level in accordance with WAC 173-340-708(8)(e).  

(h)  Screening level based on MTCA Method A for unrestricted site use.
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Location:

Lab ID

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/L)
Method NWTPH-G
Gas Range 0.8 (a) 95 10 (b) U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

Si/Acid Cleaned NWTPH-D (mg/L)
Diesel Range Hydrocarbons 0.5 (a) 10 (b) U

Motor Oil 0.5 (a) 25 (b) U

BTEX (µg/L)
Method 8020
Benzene 2.4 3500 J 1.0 U 1.0 U 1.0 U

Toluene 15,000 7400 J 1.0 U 1.0 U 1.0 U

Ethylbenzene 2,100 1800 J 1.0 U 1.0 U 1.0 U

m,p-Xylene -- 9400 J 1.0 U 1.0 U 1.0 U

o-Xylene 440 3900 J 1.0 U 1.0 U 1.0 U

Total Xylenes -- 13300 1.0 U 1.0 U 1.0 U

DISSOLVED METALS (µg/L)
Antimony (200.8) 640 0.2 U 0.2 U 0.2 U 0.2
Arsenic (200.8) 5.0 0.5 0.4 0.8 0.3 1 U

Beryllium (200.8) 270 0.2 U 0.2 U 0.2 U 0.2 U

Cadmium (200.8) 8.8 0.2 U 0.2 U 0.2 U 0.2 U

Chromium (200.8) -- 1 U 1 U 1 U 1 U

Copper (200.8/6010B) 2.4 2 1 1 1 U 0.5 U 1.8 2 U

Lead (200.8) 8.1 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U 1 U

Mercury (7470) 0.025 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U

Nickel (200.8) 8.2 14 4 3 2 1.8 2.9 10 U

Selenium (200.8) 71 2 1 U 1 U 1 U

Zinc (200.8/6010B) 81 11 8 4 4 6 12 6 U

TOTAL METALS (µg/L)
Lead (200.8) 8.1 1 U 1 U

VOLATILES (µg/L)
EPA Method SW8260
1,1,1-Trichloroethane 11,000 1.0 U 1.0 U 1.0 U 5.0 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Carbon Tetrachloride 0.5 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Trichloroethene 0.5 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Benzene 2.4 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Toluene 15,000 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Ethylbenzene 2,100 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

m,p-Xylene -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.4 U 0.4 U 1.0 U 1.0 U 1.0 U

o-Xylene 440 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Total Xylenes -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,3,5-Trimethylbenzene 25 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

1,2,4-Trimethylbenzene 24 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

Isopropylbenzene 720 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

n-Propylbenzene -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

sec-Butylbenzene -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

p-Isopropyltoluene -- 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 0.2 U 0.2 U 1.0 U 1.0 U 1.0 U

MW-2

EK56B

5/30/2002

MW-1

GV31G

7/7/2004

MW-2

BX90B

7/26/2000

MW-1-Dup

BX90E

7/26/2000

MW-1

EK56A

5/30/2002

SB-69

LU53E

10/22/2007

MW-1

BX90A

7/26/2000

SB-30-W

V140V

1/21/1998

SB-68

LU53C

10/22/2007

SB-19-W

V140P

1/21/1998

SB-24-W

V140S

1/21/1998

SB-10-W

V140J

1/20/1998

SB-16-W

V140L

1/20/1998

Groundwater 

Screening 

Level

SB-5-W

V140D

1/20/1998

SB-8-W

V140H

1/20/1998
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Location:

Lab ID

Date Collected:

MW-2

EK56B

5/30/2002

MW-1

GV31G

7/7/2004

MW-2

BX90B

7/26/2000

MW-1-Dup

BX90E

7/26/2000

MW-1

EK56A

5/30/2002

SB-69

LU53E

10/22/2007

MW-1

BX90A

7/26/2000

SB-30-W

V140V

1/21/1998

SB-68

LU53C

10/22/2007

SB-19-W

V140P

1/21/1998

SB-24-W

V140S

1/21/1998

SB-10-W

V140J

1/20/1998

SB-16-W

V140L

1/20/1998

Groundwater 

Screening 

Level

SB-5-W

V140D

1/20/1998

SB-8-W

V140H

1/20/1998

PAHs (µg/L)
SW8270-SIM
Naphthalene 83

2-Methylnaphthalene --

1-Methylnaphthalene --

Benzo(a)anthracene 0.018

Chrysene 0.018

Benzo(b)fluoranthene 0.018

Benzo(k)fluoranthene 0.018

Benzo(a)pyrene 0.018

Indeno(1,2,3-cd)pyrene 0.01

Dibenz(a,h)anthracene 0.01

CONVENTIONALS (mg/L)
Alkalinity (SM 2320) (mg/L CaCO3) -- 450
Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3) -- 1.0 U

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3) -- 450
Ferrous Iron (SM3500 FeD) -- 0.18
N-Nitrate (Calculated) (mg-N/L) -- 0.15
N-Nitrite (EPA 353.2) (mg-N/L) -- 0.010 U

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L) -- 0.15
Sulfate (EPA 375.2/300.0) -- 62
Total Organic Carbon (EPA 415.1) -- 1.5 U

FIELD PARAMETERS
pH 6.2‡< pH <8.5 6.92 6.68 7.35

Temperature (deg C) -- 11.4 13.8 9.5

Conductivity (µS/cm) -- 675 410 0.5

Turbidity (NTU) -- 13 10 0

Dissolved Oxygen (mg/L) -- 0.15 0 0.28
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Location:

Lab ID

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/L)
Method NWTPH-G
Gas Range 0.8 (a)

Si/Acid Cleaned NWTPH-D (mg/L)
Diesel Range Hydrocarbons 0.5 (a)

Motor Oil 0.5 (a)

BTEX (µg/L)
Method 8020
Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

DISSOLVED METALS (µg/L)
Antimony (200.8) 640

Arsenic (200.8) 5.0

Beryllium (200.8) 270

Cadmium (200.8) 8.8

Chromium (200.8) --

Copper (200.8/6010B) 2.4

Lead (200.8) 8.1

Mercury (7470) 0.025

Nickel (200.8) 8.2

Selenium (200.8) 71

Zinc (200.8/6010B) 81

TOTAL METALS (µg/L)
Lead (200.8) 8.1

VOLATILES (µg/L)
EPA Method SW8260
1,1,1-Trichloroethane 11,000

Carbon Tetrachloride 0.5

Trichloroethene 0.5

Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

1,3,5-Trimethylbenzene 25

1,2,4-Trimethylbenzene 24

Isopropylbenzene 720

n-Propylbenzene --

sec-Butylbenzene --

p-Isopropyltoluene --

Groundwater 

Screening 

Level

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 22 0.25 U 0.25 U

1.0 U 1.0 U 1.0 U 1.0 U 680 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 370 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 310 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1900 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 780 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 2680 1.0 U 1.0 U

1 1

6 16 2 U 5 5 3 2 2
1 U 1 U 1 U 1 U 1 U

0.1 U 0.1 U 0.1 U 0.1 U

10 U 9.3 11 12 10 U 9.1 20 17

76 101 79 97 74 82 139 126

1 U 1 U 1 U 1 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

MW-6

EK56F

5/30/2002

MW-6

GV31A

7/7/2004

MW-4B

KJ60I

12/20/2006

MW-5

EK56E

5/30/2002

MW-4

JO52H

6/29/2006

MW-4A

KJ60E

12/20/2006

MW-4

EK56D

5/30/2002

MW-4

GV31B

7/7/2004

MW-3B

KJ60G

12/20/2006

MW-4

BX90D

7/26/2000

MW-3

JO52G

6/29/2006

MW-3A

KJ60A

12/20/2006

MW-3

EK56C

5/30/2002

MW-3

GV31E

7/7/2004

MW-3

BX90C

7/26/2000
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Location:

Lab ID

Date Collected:

Groundwater 

Screening 

Level

PAHs (µg/L)
SW8270-SIM
Naphthalene 83

2-Methylnaphthalene --

1-Methylnaphthalene --

Benzo(a)anthracene 0.018

Chrysene 0.018

Benzo(b)fluoranthene 0.018

Benzo(k)fluoranthene 0.018

Benzo(a)pyrene 0.018

Indeno(1,2,3-cd)pyrene 0.01

Dibenz(a,h)anthracene 0.01

CONVENTIONALS (mg/L)
Alkalinity (SM 2320) (mg/L CaCO3) --

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Ferrous Iron (SM3500 FeD) --

N-Nitrate (Calculated) (mg-N/L) --

N-Nitrite (EPA 353.2) (mg-N/L) --

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L) --

Sulfate (EPA 375.2/300.0) --

Total Organic Carbon (EPA 415.1) --

FIELD PARAMETERS
pH 6.2‡< pH <8.5

Temperature (deg C) --

Conductivity (µS/cm) --

Turbidity (NTU) --

Dissolved Oxygen (mg/L) --

MW-6

EK56F

5/30/2002

MW-6

GV31A

7/7/2004

MW-4B

KJ60I

12/20/2006

MW-5

EK56E

5/30/2002

MW-4

JO52H

6/29/2006

MW-4A

KJ60E

12/20/2006

MW-4

EK56D

5/30/2002

MW-4

GV31B

7/7/2004

MW-3B

KJ60G

12/20/2006

MW-4

BX90D

7/26/2000

MW-3

JO52G

6/29/2006

MW-3A

KJ60A

12/20/2006

MW-3

EK56C

5/30/2002

MW-3

GV31E

7/7/2004

MW-3

BX90C

7/26/2000

160 360 360
1.0 U 1.0 U 1.0 U

160 360 360
0.040 U 9.3 0.47
0.16 2.65 2.68 0.982 0.697 0.010 U 0.097

0.010 U 0.024 0.024 0.014 0.012 0.010 U 0.010 U

0.16 2.67 2.70 0.996 0.709 0.010 U 0.097

300 480 499 850 748 21 43
1.5 U 1.5 U 1.5 U

6.77 6.46 6.46 6.43 6.42 6.61 6.46 6.60 6.61 6.63 6.98 7.06 6.37

9.7 17.6 15.8 10.8 11.0 11.4 18.7 15.1 10.3 10.3 8.1 10.1 13.3

6340 11900 9,283 12,500 12,925 9500 16600 10,083 22,267 19,167 532 542 160

21 12 10.8 27.3 0 9 0.001 2.1 24.7 9 12 0

0.22 1.97 0.52 5.08 7.45 1.44 2.26 0.34 50.3 5.07 0.00 0.00 0.54
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Location:

Lab ID

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/L)
Method NWTPH-G
Gas Range 0.8 (a)

Si/Acid Cleaned NWTPH-D (mg/L)
Diesel Range Hydrocarbons 0.5 (a)

Motor Oil 0.5 (a)

BTEX (µg/L)
Method 8020
Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

DISSOLVED METALS (µg/L)
Antimony (200.8) 640

Arsenic (200.8) 5.0

Beryllium (200.8) 270

Cadmium (200.8) 8.8

Chromium (200.8) --

Copper (200.8/6010B) 2.4

Lead (200.8) 8.1

Mercury (7470) 0.025

Nickel (200.8) 8.2

Selenium (200.8) 71

Zinc (200.8/6010B) 81

TOTAL METALS (µg/L)
Lead (200.8) 8.1

VOLATILES (µg/L)
EPA Method SW8260
1,1,1-Trichloroethane 11,000

Carbon Tetrachloride 0.5

Trichloroethene 0.5

Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

1,3,5-Trimethylbenzene 25

1,2,4-Trimethylbenzene 24

Isopropylbenzene 720

n-Propylbenzene --

sec-Butylbenzene --

p-Isopropyltoluene --

Groundwater 

Screening 

Level

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

0.25 U 0.25 U 0.25 U

0.50 U 0.50 U 0.50 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

2 1

9 8 10 2 U 3 0.7 15 2 3 35
1 U 1 U 1 U 1 U 1 U 1 U

0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U

10 U 10 U 3.1 2.5 2.4 2.1 19.1 37 34.0 16.6

20 21 8 6 U 6 U 4 U 113 172 190 104

3 1 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.4 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

MW-11

JO52L

6/29/2006

MW-10A

KJ60B

12/20/2006

MW-10B

KJ60H

12/20/2006

MW-9

LU53F

10/22/2007

MW-10

JO52M

6/29/2006

MW-9

EK56I

5/30/2002

MW-9

GV31C

7/7/2004

MW-8

EK56H

5/30/2002

MW-8

GV31F

7/7/2004

MW-7A

KJ60C

12/20/2006

MW-7B

KJ60M

12/21/2006

MW-7-Dup

GV31H

7/7/2004

MW-7

JO52I

6/29/2006

MW-7

EK56G

5/30/2002

MW-7

GV31D

7/7/2004
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Location:

Lab ID

Date Collected:

Groundwater 

Screening 

Level

PAHs (µg/L)
SW8270-SIM
Naphthalene 83

2-Methylnaphthalene --

1-Methylnaphthalene --

Benzo(a)anthracene 0.018

Chrysene 0.018

Benzo(b)fluoranthene 0.018

Benzo(k)fluoranthene 0.018

Benzo(a)pyrene 0.018

Indeno(1,2,3-cd)pyrene 0.01

Dibenz(a,h)anthracene 0.01

CONVENTIONALS (mg/L)
Alkalinity (SM 2320) (mg/L CaCO3) --

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Ferrous Iron (SM3500 FeD) --

N-Nitrate (Calculated) (mg-N/L) --

N-Nitrite (EPA 353.2) (mg-N/L) --

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L) --

Sulfate (EPA 375.2/300.0) --

Total Organic Carbon (EPA 415.1) --

FIELD PARAMETERS
pH 6.2‡< pH <8.5

Temperature (deg C) --

Conductivity (µS/cm) --

Turbidity (NTU) --

Dissolved Oxygen (mg/L) --

MW-11

JO52L

6/29/2006

MW-10A

KJ60B

12/20/2006

MW-10B

KJ60H

12/20/2006

MW-9

LU53F

10/22/2007

MW-10

JO52M

6/29/2006

MW-9

EK56I

5/30/2002

MW-9

GV31C

7/7/2004

MW-8

EK56H

5/30/2002

MW-8

GV31F

7/7/2004

MW-7A

KJ60C

12/20/2006

MW-7B

KJ60M

12/21/2006

MW-7-Dup

GV31H

7/7/2004

MW-7

JO52I

6/29/2006

MW-7

EK56G

5/30/2002

MW-7

GV31D

7/7/2004

0.64
0.27
0.11
0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0.010 U 0.155 1.47 1.86
0.010 U 0.010 U 0.016 0.020
0.010 U 0.155 1.49 1.88

127 186 622 592

7.08 6.34 6.34 6.76 6.96 6.87 7.36 6.74 7.13 6.78 6.41 6.03 5.90 6.66

12.5 17.0 17.0 15.9 12.2 12.3 10.6 14.7 13 15.3 15.7 10.4 10.3 16.5

3042 13100 13100 4,526 4,528 5,815 449 684 512 675 10,871 15,700 15,700 17,512

42 10 10 0.001 114.5 52.2 6 285 9 138 0.001 367.0 0.0 0.001

0.29 0.90 0.90 1.79 4.60 4.58 1.50 1.70 0.78 0.45 1.98 0.00 1.38 0.88
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Location:

Lab ID

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/L)
Method NWTPH-G
Gas Range 0.8 (a)

Si/Acid Cleaned NWTPH-D (mg/L)
Diesel Range Hydrocarbons 0.5 (a)

Motor Oil 0.5 (a)

BTEX (µg/L)
Method 8020
Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

DISSOLVED METALS (µg/L)
Antimony (200.8) 640

Arsenic (200.8) 5.0

Beryllium (200.8) 270

Cadmium (200.8) 8.8

Chromium (200.8) --

Copper (200.8/6010B) 2.4

Lead (200.8) 8.1

Mercury (7470) 0.025

Nickel (200.8) 8.2

Selenium (200.8) 71

Zinc (200.8/6010B) 81

TOTAL METALS (µg/L)
Lead (200.8) 8.1

VOLATILES (µg/L)
EPA Method SW8260
1,1,1-Trichloroethane 11,000

Carbon Tetrachloride 0.5

Trichloroethene 0.5

Benzene 2.4

Toluene 15,000

Ethylbenzene 2,100

m,p-Xylene --

o-Xylene 440

Total Xylenes --

1,3,5-Trimethylbenzene 25

1,2,4-Trimethylbenzene 24

Isopropylbenzene 720

n-Propylbenzene --

sec-Butylbenzene --

p-Isopropyltoluene --

Groundwater 

Screening 

Level

0.25 U 0.25 U

1.0 U 0.2 U

1.0 U 0.2 U

1.0 U 0.2 U

1.0 U 0.4 U

1.0 U 0.2 U

2.0 U 0.6 U

5 4 U 4 U 9 3 3 9 4 2 U 6 4.1
5 U 5 U NA

0.1 U 0.1 U NA

29 27 28 12.5 8 7 13 10 6 7 4.8

200 190 180 280 43 45 280 10 U 9 60 49

0.2 U 0.2 U

0.2 U 0.2 U

Weep

KP70A

02/26/07

Weep

LU53A

10/22/07

SW-1

KJ60N

12/21/06

SW-2

KP70B

02/26/07

KJ60D

12/20/2006

MW-12B

KJ60L

12/21/2006

MW-12

JO52J

6/29/2006

Dup of MW-12

MW-13

JO52K

6/29/2006

MW-12AMW-11B

KJ60J

12/20/2006

Dup of MW-11B

MW-111

KJ60K

12/20/2006

MW-11A

KJ60F

12/20/2006

Weep hole and surface water results
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Location:

Lab ID

Date Collected:

Groundwater 

Screening 

Level

PAHs (µg/L)
SW8270-SIM
Naphthalene 83

2-Methylnaphthalene --

1-Methylnaphthalene --

Benzo(a)anthracene 0.018

Chrysene 0.018

Benzo(b)fluoranthene 0.018

Benzo(k)fluoranthene 0.018

Benzo(a)pyrene 0.018

Indeno(1,2,3-cd)pyrene 0.01

Dibenz(a,h)anthracene 0.01

CONVENTIONALS (mg/L)
Alkalinity (SM 2320) (mg/L CaCO3) --

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3) --

Ferrous Iron (SM3500 FeD) --

N-Nitrate (Calculated) (mg-N/L) --

N-Nitrite (EPA 353.2) (mg-N/L) --

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L) --

Sulfate (EPA 375.2/300.0) --

Total Organic Carbon (EPA 415.1) --

FIELD PARAMETERS
pH 6.2‡< pH <8.5

Temperature (deg C) --

Conductivity (µS/cm) --

Turbidity (NTU) --

Dissolved Oxygen (mg/L) --

Weep

KP70A

02/26/07

Weep

LU53A

10/22/07

SW-1

KJ60N

12/21/06

SW-2

KP70B

02/26/07

KJ60D

12/20/2006

MW-12B

KJ60L

12/21/2006

MW-12

JO52J

6/29/2006

Dup of MW-12

MW-13

JO52K

6/29/2006

MW-12AMW-11B

KJ60J

12/20/2006

Dup of MW-11B

MW-111

KJ60K

12/20/2006

MW-11A

KJ60F

12/20/2006

Weep hole and surface water results

0.699 0.945 0.968 0.519 0.219 0.512 1.2 1.0 U 1.0 U

0.010 U 0.023 J 0.010 UJ 0.010 U 0.010 U 0.018
0.699 0.968 0.968 0.519 0.219 0.530
1390 1260 1270 944 620 1190 634 996 672

6.17 6.12 6.12 6.63 6.33 6.58

7.3 7.6 7.6 15.6 9.3 11.0

33,800 31,900 31,900 25,982 24,300 18,800

44.8 69.9 69.9 0.001 74.6 68.7

3.60 2.02 2.01 0.70 5.39 2.45

-- = Indicates no criteria provided.

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

J = Estimated value.

Bold values indicate concentration detected above laboratory reporting limits.

Boxed value indicates concentration above preliminary screening level.

Blank indicates compound was not analyzed for.

Only detected compounds are presented in this table.

(a)  Screening  level based on MTCA Method A groundwater cleanup level because surface water quality criteria for this constituent does not exist.

(b) These samples were analyzed by method NWTPH-HCID.

‡ pH 6.2 is the lower-end of natural background groundwater pH range, calculated from Whatcom County background data, 

    in accordance with WAC 173-340-709(3).
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SQS (a)

TOTAL METALS (mg/kg-dry wt)
Methods SW6010B/SW7471A
Mercury 0.41 0.12 0.11 0.14 0.12 0.27 0.19 0.18 0.17 0.14 0.12
Zinc 410 145 159 160 161 148 144 157 167 176 121

SEMIVOLATILES (mg/kg OC) (b)
Method SW8270D
Acenaphthylene 66 1.35 U 1.52 U 1.21 U 0.73 J 0.88 U 0.69 J 1.32 U 1.41 U 0.56 J 1.32 U

Fluorene 23 1.35 U 1.52 U 0.73 J 1.50 0.88 U 1.51 1.38 0.85 J 1.18 0.86 J

Phenanthrene 100 2.43 3.48 3.15 J1 16.58 J1 1.85 4.28 4.54 4.58 3.31 4.24
Fluoranthene 160 4.05 5.61 6.67 J1 31.61 J1 6.48 12.58 13.82 19.01 10.11 7.95
Dibenzofuran 15 1.35 U 1.52 U 0.91 J 1.55 0.88 U 2.01 1.71 1.41 U 1.24 1.13 J

CONVENTIONALS
Total Organic Carbon (PLUMB81TC) (%) -- 1.48 1.32 1.65 1.93 2.16 1.59 1.52 1.42 1.78 1.51

Total Solids (EPA160.3) (%) -- 42.00 38.40 39.70 37.60 52.90 55.90 51.00 50.90 55.60 38.20

--  Indicates no criteria established.

U = Indicates the compound was undetected at the reported concentration.

J = Reported detected result is less than the Reporting Limit but greater than the Method Detection Limit.

J1 = Indicates the analyte was positively identified; the associated numerical value is the approximate concentration

       of the analyte in the sample.

(a)  SMS Sediment Quality Standard (Chapter 173-204 WAC).

(b)  All organic data and screening levels are normalized to total organic carbon; this involves dividing the dry weight concentration 

      of the constituent by the fraction of total organic carbon present.

SPM-12-09 (0-12cm)

PU05C

10/22/2009

SPM-13-09 (0-12cm)

PU05F

10/22/2009

SPM-9-09 (0-12cm)

PU05A

10/22/2009

SPM-10-09 (0-12cm)

PU05J

10/22/2009

SPM-6-09 (0-12cm)

PU05G

10/22/2009

SPM-8-09 (0-12cm)

PU05B

10/22/2009

SPM-4-09 (0-12cm)

PU05D

10/22/2009

Dup of SPM-4-09 (0-12cm)

SPM-0-09 (0-12cm)

PU05E

10/22/2009

Sediment 

Management 

Standards

SPM-1-09 (0-12cm)

PU05I

10/22/2009

SPM-2-09 (0-12cm)

PU05H

10/22/2009
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cPAHs Method 8270 (µg/kg)
Benzo(a)anthracene 160 62 U 62 U 96
Chrysene 200 62 U 120 190
Benzo(b)fluoranthene 140 62 U 63 120
Benzo(k)fluoranthene 110 62 U 100 180
Benzo(a)pyrene 76 62 U 62 U 84
Dibenzo(a,h)anthracene 9.8 6.2 U 6.8 9.8
cPAH TEQ 120.0 ND 18.2 126.5

Bold = Detected compound.

U = Indicates the compound was undetected at the reported concentration.

DMMU POB 1 DMMU POB 2 DMMU POB 3 DMMU POB 4

Gate3-CMP3Gate3-CMP1

KQ93A/KR14A

3/8/2007

KQ93F/KR14C

3/9/2007

Gate3-CMP4

KQ93H/KR14D

3/9/2007

Gate3-CMP2

KQ93C/KR14B

3/8/2007
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Location: Surface Water

Lab ID Screening

Date Collected: Level

DISSOLVED METALS (µg/L)
Copper (200.8/6010B) 2.4 4 2 U

Nickel (200.8) 8.2 10 6
Zinc (200.8/6010B) 81 10 U 9

CONVENTIONALS
N-Nitrate (Calculated) (mg-N/L) NA 0.512 1.2
N-Nitrite (EPA 353.2) (mg-N/L) NA 0.018
Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L) NA 0.530
Sulfate (EPA 375.2/300.0) NA 1190 634

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

Bold values indicate concentration detected above laboratory reporting limits.

Boxed value indicates concentration above the screening level.

Blank indicates compound was not analyzed for.

SW-1

KJ60N

12/21/06

SW-2

KP70B

02/26/07
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POTENTIAL COC

Preliminary 
Cleanup 

Level (μg/L)
Highest Detected 

Concentration
Number of 

Exceedances (a)

Antimony 640 0.2 0/4

Arsenic 5 2.0 0/8

Benzene 2.4 3,500 2/18

Copper 2.4 35 20/36

Ethylbenzene 2,100 1,800 0/18

Gasoline-Range Petroleum Hydrocarbons 800 95,000 2/28

Lead 8.1 3 0/26

Naphthalene 83 0.64 0/1

Nickel 8.2 37 17/36

Toluene 15,000 7,400 0/17

Zinc 81 280 14/36

1,1,1-Trichloroethane 11,000 5 0/12

o-xylenes 440 3,900 2/18

(a) Numerator equals number of exceedances, and denominator equals number of samples tested.
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COC

Preliminary Soil 
Cleanup Level (mg/kg) 

(a)

Preliminary 
Groundwater Cleanup 

Level (μg/L) (b)

Preliminary Sediment 
Cleanup Level (mg/kg) 

(c)

Acenaphthylene -- (e) -- 66 (f)

Benzene 0.014 2.4 --

Copper 36 2.4 --

Dibenzofuran -- -- 15 (f)

Ethylbenzene 18 2,100 --

Fluorene -- -- 23 (f)

Fluoranthene -- -- 160 (f)

Lead 250 (d) 8.1 --

Mercury 24 (g) 0.025 0.41

Nickel 48 8.2 --

o-Xylenes -- 440 -- 

Phenanthrene -- -- 100 (f)

Toluene 110 15,000 --

Total Xylenes 16,000 -- --

TPH-G 30 (h) 800 --

Zinc 100 81 410

Notes:

(a)  Preliminary cleanup level based on lowest soil criteria corrected for practical quantitation limit (PQL) and background.

(b)  Preliminary cleanup level based on lowest Water Quality Standard or PQL, unless noted otherwise.

(c)  Preliminary cleanup level based on SMS Sediment Quality Standard (Chapter 173-204 WAC).

(d)  MTCA Method A soil cleanup level based on preventing unacceptable blood lead levels.

(e) -- = Not applicable because constituent is not an Indicator Hazardous Substance for the media.

(f) Value normalized to total organic carbon.

(g) Preliminary cleanup level based on direct contact soil criteria.

(h)  MTCA Method A cleanup level is 100 mg/kg if benzene is not present and the total of ethylbenzene, toluene,

       and xylenes is less than 1% of the gasoline mixture; otherwise the cleanup level is 30 mg/kg.
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POTENTIAL COC

Preliminary 
Cleanup Level 

(mg/kg)

Highest Detected 
Concentration 

(mg/kg)

Number of 
Exceedances 

(a)

Antimony 320 7 0/9

Arsenic 20 8 0/21

Benzene 0.014 44 13/18

Benzo(a)anthracene 0.13 ND 0/3

Benzo(a)pyrene 0.14 ND 0/3

Benzo(b)fluoranthene 0.43 ND 0/3

Benzo(k)fluoranthene 0.43 ND 0/3

Beryllium 160 0.3 0/9

Cadmium 80.0 0.9 0/13

Carbon Tetrachloride 0.005 0.0043 0/6

Chromium -- 51.7 0/13

Chrysene 0.14 ND 0/3

Copper 36 545 20/29

CPAH TEQ 0.14 0.101 0/1

Diesel-Range Petroleum Hydrocarbons 2,000(b) 2,500 1/23

Ethylbenzene 18 63 4/24

Gasoline-Range Petroleum Hydrocarbons 30 (b,c) 15,000 24/43

Indeno(1,2,3-cd)pyrene 0.7 ND 0/3

Lead 250 1,160 3/26

Mercury 24 (d) 1.71 0/25

Naphthalene 0.27 ND 0/6

Nickel 48 86 2/23

Oil-Range Petroleum Hydrocarbons 2,000 (b) 1,600 0/23

o-Xylene 4 130 3/24

Toluene 110 61 0/24

Total Xylene 16,000 530 0/18

Trichloroethene 11 (d) 0.015 0/6

Zinc 100 1160 11/23

Notes:

(a)  Numerator equals number of exceedances and denominator equals number of samples tested.

(b)  MTCA Method A cleanup levels were use for diesel-, oil-, and gasoline-range petroleum hydrocarbons.

(c)  MTCA Method A cleanup level is 100 mg/kg if benzene is not present and the total of ethylbenzene, toluene,

       and xylenes is less than 1% of the gasoline mixture; otherwise the cleanup level is 30 mg/kg.

(d)  Mercury and trichloroethene were not detected in groundwater at concentrations exceeding the groundwater preliminary  

      cleanup; therefore, preliminary soil cleanup levels for mercury and trichloroethene are based on direct contact.
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Remedial 
Alternative 

Number
Remedial 

Alternative Name Site Unit(1) Soil Groundwater Indoor/Outdoor Air

UST Site Unit

Intermittent DPE to extract free-phase product (if practicable) with montlhy 

extraction sessions for two years (passive recovery methods, including 

absorbent socks, will be used between DPE sessions).  Soil containment by 

reparing/replacing (where needed) and maintaining pavement/concrete slab 

cover over petroleum contamination area.  Institutional controls for 

maintaining source area cover and managing intrusive activities. 

Intermittent DPE to extract free-phase product (if practicable) with monthly 

extraction sessions for two years (passive recovery methods, including product 

absorbent socks, to be used between DPE sessions. Long-term compliance 
monitoring to demonstrate compliance with groundwater cleanup standards.  

Institutional controls to restrict groundwater use and to provide proper 

management during intrusive activities. 

Active or passive soil vapor control system to 

prevent lateral migration to offsite structures, if 

necessary.  Institutional controls to ensure 

containment layer is maintained over time to reduce 

potential for vapor inhalation. Compliance 
monitoring to ensure offsite migration does not 

occur.

Work Yard Site 
Unit

Soil containment by installing asphalt pavement in the North Work Yard, 

repairing/replacing, and maintaining pavement layer or concrete slabs over 

metals contamination area.  Institutional controls for maintaining source area 

containment and managing soil during intrusive activities. 

Long-term compliance monitoring (potentially including porewater analysis) to 

demonstrate compliance with groundwater cleanup standards.  Institutional 
controls to restrict groundwater use, prevent direct contact (containment layer), and 

provide proper management during intrusive activities.

Not Applicable.

UST Site Unit

Intermittent DPE to extract free-phase product (if practicable) with montlhy 

extraction sessions for six months (passive recovery methods, including 

absorbent socks, to be used between DPE sessions).  Air Sparging (AS)/Soil 
Vapor Extraction (SVE) within petroleum contaminated soil area (SVE for two 

years; AS for 1.5 years).  Soil containment by repairing (where needed), and 

maintaining pavement cover over residual petroleum contamination areas.

Intermittent DPE to extract free-phase product (if practicable) with monthly 

extraction sessions six months.  AS/SVE across soil and groundwater plume area 

(AS for 1.5 years after intermittent DPE recovery/SVE at time of startup).  

Compliance monitoring to demonstrate compliance with groundwater cleanup 

standards.

SVE will provide necessary protection for potential 

vapor migration and provide for potential 

indoor/outdoor air quality concerns. Institutional 
controls to ensure containment layer is maintained 

over time to reduce potential for vapor inhalation.

Work Yard Site 
Unit

Soil containment by installing asphalt pavement in the North Work Yard, 

repairing/replacing, and maintaining pavement layer or concrete slabs over 

metals contamination area.  Institutional controls for maintaining source area 

containment and managing soil during intrusive activities. 

Long-term compliance monitoring (potentially including porewater analysis) to 

demonstrate compliance with groundwater cleanup standards.  Institutional 
controls to restrict groundwater use, prevent direct contact (containment layer), and 

provide proper management during intrusive activities.

Not Applicable.

UST Site Unit

Excavation of petroleum source area contaminated soil (within the area most 

likely to contain potential LNAPL) and offsite disposal/treatment of excavated 

soil. Institutional controls for maintaining containment over residual petroleum 

contamination area and to manage intrusive activities. 

Excavation of petroleum source area (within the area most likely to contain potential 

LNAPL). Application of oxidant or oxygen-release compound (ORC) to stimulate 

natural attenuation of residual groundwater impacts.  Compliance monitoring to 

demonstrate compliance with groundwater cleanup standards.   Institutional 
controls may be needed to restrict groundwater use and management during 

intrusive activities.

Excavation of potential vapor-related contaminant 

source with removal of source area soils and 

groundwater. 

Work Yard Site 
Unit

Soil containment by installing asphalt pavement in the North Work Yard, 

repairing/replacing, and maintaining pavement layer or concrete slabs over 

metals contamination area.  Institutional controls for maintaining source area 

containment and managing soil during intrusive activities. 

Long-term compliance monitoring (potentially including porewater analysis) to 

demonstrate compliance with groundwater cleanup standards.  Institutional 
controls to restrict groundwater use, prevent direct contact (containment layer), and 

provide proper management during intrusive activities.

Not Applicable.

UST Site Unit Excavation of petroleum source area contaminated soil and offsite treatment or 

disposal.   
Excavation of petroleum source area.

Excavation of potential vapor-related contaminant 

source with removal of source area soils and 

groundwater. 

Work Yard Site 
Unit Excavation of metals-contaminated soil and offsite disposal.  Site restoration.

Compliance monitoring (potentially including porewater analysis) to demonstrate 

compliance with groundwater cleanup standards.  Site restoration.
Not Applicable.

Notes:  1) The remedial action alternatives do not include the Marine Site Unit because an interim action was implemented in 2003-2004 and this area of the site now meets cleanup standard.  See Section 3.4.

4 Site Wide Source 
Removal

1 Containment with 
Source Recovery

2

Containment with 
In situ  Treatment 

and Source 
Recovery

3
Containment with 
Focused Source 

Removal
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Remedial Alternative 
Number Remedial Alternative Name Estimated Cost 

1 Containment with Source Recovery  $                        610,000 

2
Containment with In Situ  Treatment and 

Source Recovery
 $                        950,000 

3
Containment with Focused Source 

Removal
 $                     1,100,000 

4 Site-Wide Source Removal  $                     2,900,000 

1) Estimated costs represent present worth based on a discount rate of 3% for long-term 

operation, monitoring, and maintenance tasks, and are considered order of magnitude 

estimates with a relative accuracy range of -30 to +50 percent.  Use should be limited to the 

comparative evaluation of alternatives.  More accurate costs will be developed during the 

design and implementation phases of the cleanup.
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Alternative Number

Alternative Name

Alternative Description

UST Site Unit

Potential LNAPL Recovery Zone

Work Yard Site Unit

Individual Ranking Criteria

1  Meets Remedial Action Objectives Yes Yes Yes Yes

2  Compliance With MTCA Threshold Criteria
    [WAC 173-340-360(2)(a)]

-Protect human health and the environment Yes Yes Yes Yes

-Comply with cleanup standards Yes Yes Yes Yes

-Comply with applicable state/federal laws Yes Yes Yes Yes

-Provide for compliance monitoring Yes Yes Yes Yes

3  Restoration Time Frame 2 years 2 years 1 year 1 year

    [WAC 173-340-360(2)(b)(ii) and WAC 173-340-360(4)]

-Potential risk to human health and environment Low Low Low Low

-Practicability of achieving shorter restoration time See DCA below See DCA below See DCA below See DCA below

-Current use of site, surrounding area, and resources Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration

-Future use of site, surrounding area, and resources Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration Unrestricted/Industrial - no offsite migration

-Availability of alternative water supplies Yes Yes Yes Yes

-Likely effectiveness/reliability of institutional controls High High High Not Applicable

-Ability to monitor migration of hazardous substances High High High High

-Toxicity of hazardous substances at the site Moderate Moderate Moderate Moderate

-Natural processes that reduce concentrations Yes Yes Yes Yes

-Overall Reasonable Restoration Time Frame Yes Yes Yes Yes

Comparative Overall Benefit Comparative Benefit Rating
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-Overall Protectiveness Medium 6 0.3 1.8 Medium High 8 0.3 2.4 Medium High 8 0.3 2.4 High 9 0.3 2.7

-Permanence Medium 6 0.2 1.2 Medium High 8 0.2 1.6 Medium High 8 0.2 1.6 High 9 0.2 1.8

-Long Term Effectiveness Medium High 8 0.2 1.6 Medium High 9 0.2 1.8 Medium High 9 0.2 1.8 High 10 0.2 2

-Manageability of Short Term Risk High 10 0.1 1 High 9 0.1 0.9 Medium High 7 0.1 0.7 Medium 6 0.1 0.6

-Implementability High 9 0.1 0.9 Medium 8 0.1 0.8 Medium Low 4 0.1 0.4 Low 1 0.1 0.1

-Consideration of Public Concerns High 10 0.1 1 High 10 0.1 1 High 10 0.1 1 High 10 0.1 1

Overall Weighted Benefit Score 7.5 8.5 7.9 8.2

5  Disproportionate Cost Analysis
Overall Weighted Benefit Score

Estimated Remedy Cost (including interim action)

Most practicable permanent solution

Lowest Cost Alternative

Relative Benefit/Cost Ratio*

Costs Disproportionate to Incremental Benefits

Remedy Permanent to the Maximum Extent Practicable?

Preferred Alternative

*  Benefit/Cost Ratio scaled by $300,000 in order to compare ranges similar in scale to comparative overall benefit, as presented on Figure 36.

Excavation of petroleum contaminated soils (entire UST 

area) and offsite disposal, including dewatering and 

potential LNAPL management; site restoration.

Install asphalt containment in North Work Yard, 

repair/replace, inspect, and maintain containment layer; 

institutional controls (restrictive covenants); and 

compliance monitoring (assume 30 years).

Install asphalt containment in North Work Yard, 

repair/replace/ inspect, and maintain containment layer; 

institutional controls (restrictive covenants); and 

compliance monitoring (assume 30 years).

Excavation of metal-impacted soils; offsite disposal; site 

restoration.

Install asphalt containment in North Work Yard, 

repair/replace, inspect, and maintain containment layer; 

institutional controls (restrictive covenants); and 

compliance monitoring (assume 30 years).

Intermittent (monthly) DPE LNAPL recovery (if 

practicable) using a vactor truck with passive recovery 

(absorbent socks) between extraction sessions. Cease 

intermittent extraction sessions when it is yielding 

increasingly diminishing returns (assume two years of 

treatment).

Treat with SVE and intermittent DPE LNAPL recovery (if 

practicable) for the first six months. After the first six 

months, air sparging will be coupled with continued SVE 

treatment (intermittent DPE LNAPL recovery will not be 

continued after the first six months).  Assumes two years 

of treatment.

Included in the source removal of the UST Site Unit.
Included in the focused source removal of the UST Site 

Unit.

Install (where necessary), repair/replace, inspect, and 

maintain containment layer; institutional controls 

(restrictive covenants); and long-term monitoring 

(assume 30 years). Soil vapor control system, if 

necessary (included in cost estimate).

Air sparge and soil vapor extraction with intermittent DPE 

LNAPL (source) removal (if practicable); system 

operations for two years; institutional controls. Compliance 

monitoring.

Excavation of petroleum contaminated soils (within 

area of potential LNAPL) and offiste disposal, including 

dewatering and potential LNAPL management; 

oxidant/oxygen-release compounds added in 

excavation; site restoration; institutional controls.

Site-Wide Source Removal

Alternative 1 Alternative 4Alternative 3Alternative 2

Containment with Focused Source RemovalContainment with Source Recovery Containment with In Situ Treatment and Source 
Recovery

4  Relative Benefits Ranking for DCA    
    [WAC 173-340-360(2)(b)(i) and WAC 173-340-36093)(f)]

-79% -67% -62%

No No

3.7 2.7 2.2

Incremental Increase/Decrease in Relative Benefit to Next Most Expensive 

Alternative
-12% 8% -4%

7.5 8.5 7.9 8.2

$610,000 $950,000 $1,100,000 $2,900,000

No

Yes No No No

Yes

0.8

Incremental Increase/Decrease in Relative Benefit to Most Permanent 

Alternative
-9% 4% -4% 0%

4%

Incremental Increase/Decrease in Cost Compared to Most Permanent 

Alternative

Incremental Increase/Decrease in Cost Compared to Next Most Expensive 

Alternative
-36% -14% -62% 0%

0%

Yes No No No

No Yes Yes Yes

Yes No No No



 
 
 
 
 
 
 
 

APPENDIX A

Pre-RI Boring Logs and Monitoring Well 
Construction Details

 























































A-1

Recovery Depth Interval

GRAPHIC
SYMBOL

Clayey gravel; gravel/sand/clay mixture(s)

a
b
c
d
e
f
g
h
i
1
2
3
4
5 Approximate water level at time other than ATD

Approximate water level at time of drilling (ATD)

USCS
LETTER

SYMBOL(1)

Asphalt concrete pavement or Portland cement pavement

TYPICAL
DESCRIPTIONS (2)(3)

Sample Identification Number

Sample Depth Interval

GC
SW

DescriptionCode
SAMPLER TYPE

Code

Groundwater

PP = 1.0
TV = 0.5
PID = 100
W = 10
D = 120

-200 = 60
GS
AL
GT
CA

Weldcraft Steel & Marine
Bellingham, Washington

SAMPLE NUMBER & INTERVAL

1

Drilling and Sampling Key
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Peat; humus; swamp soil with high organic content

SILT AND CLAY

(Liquid limit less than 50)

Rock (See Rock Classification)

DB

RK

SILT AND CLAY

(Liquid limit greater than 50)

HIGHLY ORGANIC SOIL

GRAPHIC
SYMBOL

SAND WITH FINES

Construction debris, garbage

3.25-inch O.D., 2.42-inch I.D. Split Spoon
2.00-inch O.D., 1.50-inch I.D. Split Spoon
Shelby Tube
Grab Sample
Single-Tube Core Barrel
Double-Tube Core Barrel
2.50-inch O.D., 2.00-inch I.D. WSDOT
3.00-inch O.D., 2.375-inch I.D. Mod. California
Other - See text if applicable
300-lb Hammer, 30-inch Drop
140-lb Hammer, 30-inch Drop
Pushed
Vibrocore (Rotosonic/Geoprobe)
Other - See text if applicable

(More than 50% of
coarse fraction retained

on No. 4 sieve)

C
O

A
R

S
E

-G
R

A
IN

E
D

 S
O

IL

SAND AND
SANDY SOIL

(More than 50% of
coarse fraction passed

through No. 4 sieve)

(Little or no fines)

GRAVEL WITH FINES
(Appreciable amount of

fines)

GRAVEL AND
GRAVELLY SOIL

(Appreciable amount of
fines)

Primary Constituent:
Secondary Constituents:

Additional Constituents:
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Figure
Soil Classification System and Key

50% - "GRAVEL," "SAND," "SILT," "CLAY," etc.
50% - "very gravelly," "very sandy," "very silty," etc.
30% - "gravelly," "sandy," "silty," etc.
15% - "with gravel," "with sand," "with silt," etc.
5% - "with trace gravel," "with trace sand," "with trace silt," etc., or not noted.

4.  Soil density or consistency descriptions are based on judgement using a combination of sampler penetration blow counts, drilling or
excavating conditions, field tests, and laboratory tests, as appropriate.

Wood, lumber, wood chips

Notes:

Poorly graded sand; gravelly sand; little or no fines

> 
_ 
_ 
_ 
_ 

> 30% and <
> 15% and <
>   5% and <

<

WD

LETTER
SYMBOL TYPICAL DESCRIPTIONSOTHER MATERIALS

DEBRIS

WOOD

ROCK

PAVEMENT

1.  USCS letter symbols correspond to symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter
symbols (e.g., SP-SM for sand or gravel) indicate soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline
or multiple soil classifications.

2.  Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure), outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on
the Standard Test Method for Classification of Soils for Engineering Purposes, as outlined in ASTM D 2487.

3.  Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is
defined as follows:

AC or PC

CLEAN GRAVEL

ML
CL
OL
MH

Well-graded gravel; gravel/sand mixture(s); little or no fines

CH
OH
PT

Field and Lab Test Data

CLEAN SAND

Soil Classification System
FI

N
E

-G
R

A
IN

E
D

 S
O

IL

Inorganic silt; micaceous or diatomaceous fine sand

Well-graded sand; gravelly sand; little or no fines

Poorly graded gravel; gravel/sand mixture(s); little or no fines

GW
GP
GM

Portion of Sample Retained
for Archive or Analysis

Description
Pocket Penetrometer, tsf
Torvane, tsf
Photoionization Detector VOC screening, ppm
Moisture Content, %
Dry Density, pcf
Material smaller than No. 200 sieve, %
Grain Size - See separate figure for data
Atterberg Limits - See separate figure for data
Other Geotechnical Testing
Chemical Analysis

MAJOR
DIVISIONS

SC

Inorganic clay of high plasticity; fat clay

Organic silt; organic, silty clay of low plasticity

Inorganic clay of low to medium plasticity; gravelly clay; sandy
clay; silty clay; lean clay

Inorganic silt and very fine sand; rock flour; silty or clayey fine
sand or clayey silt with slight plasticity

Clayey sand; sand/clay mixture(s)

Silty sand; sand/silt mixture(s)

Silty gravel; gravel/sand/silt mixture(s)
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(Little or no fines) SP
SM

Organic clay of medium to high plasticity; organic silt



2-inch Diameter
Schedule 40 PVC Pipe

W = 11
GS

S-1

8.2' BGS
on

7/11/00

Weldcraft Steel & Marine
Bellingham, Washington

S-5

Bentonite Chips

Flush Mount
Monument with
Concrete Surface Seal
and Locking Well Cap

S-3

28

6

15

5

2

AC

S-4

SP-
SM

GP

b1

b1

b1

b1

b1

SP-
SM
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SOIL PROFILE

MW-1

SAMPLE DATA

Well DetailHollow-stem Auger
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S-2

14.62 (MLLW)

2-inch Diameter
Schedule 40 PVC
Screen (0.020-inch
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Figure
Log of Well MW-1 A-2

Ground Elevation (ft):

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Cascade Drilling

Drilling Method:

Drilled By:
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Notes:

Well Completed 07/10/00
Total Depth of Well = 14.9 ft.

Boring Completed 07/10/00
Total Depth of Boring = 15.5 ft.

Crushed rock (1-1/2) base coarse
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Variable dark gray brown to gray brown
fine to coarse SAND with gravel and silt to
gravelly fine to coarse SAND with silt and
pieces of wood (<2" size) and charcoal
(variable loose to medium dense, moist to
wet) (fill)

@ 7.5' - becoming gravelly fine to coarse
SAND with silt and wet

Asphalt CONCRETE

10/20 Sand Pack

Threaded End Cap

Natural Soil Slough
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Dark brown to red brown fine to medium
SAND with coarse sand, gravel, silt, wood
pieces, and charcoal (very loose, moist)
(fill).



S-5

S-4

S-3

S-2

S-1

8.0' BGS
on

7/11/00

Natural Soil Slough

Threaded End Cap

10/20 Sand Pack

2-inch Diameter
Schedule 40 PVC
Screen (0.020-inch
Slot Size)

2-inch Diameter
Schedule 40 PVC Pipe

Bentonite Chips

Protective well
monument

W = 17
GS

Weldcraft Steel & Marine
Bellingham, Washington

b1

41

0
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20
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ML

SP
AC

b1
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b1
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14.48 (MLLW)

MW-2

SAMPLE DATA

Well DetailHollow-stem Auger
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Cascade Drilling
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Figure
Log of Well MW-2 A-3

Notes:

SOIL PROFILE
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Drilling Method:

Drilled By:

Te
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a
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w
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Fo
ot

GROUNDWATER

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Gray sandy clayey SILT; hammer drops on
own weight; thickness not known (very soft,
wet) (fill)

Protective Casing
with Locking Cover

Gray fine to coarse SAND with fine gravel
(dense, wet) (possible dredge fill)

@ 7.5' - soil becomes wet

Gray-brown fine to coarse SAND with
occasional gravel; variable density (loose
to medium dense, moist to wet) (possible
fill)

Brown gravelly fine to coarse SAND
(medium dense, moist) (fill)

ASPHALT Concrete

Well Completed 07/10/00
Total Depth of Well = 14.9 ft.

Boring Completed 07/10/00
Total Depth of Boring = 15.5 ft.

Slip Cap



S-2

S-1

9.6' BGS
on

7/12/00
S-4

Weldcraft Steel & Marine
Bellingham, Washington

2-inch Diameter
Schedule 40 PVC Pipe

Bentonite Chips

Flush Mount
Monument with
Concrete Surface Seal
and Locking Well Cap

PID 0.0

11

26

7

12

12

W = 18
GS

PID 0.0

SP-
SM

GP

S-5 b1

b1

b1

b1

b1

SP-
SM

S
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e 
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SOIL PROFILE

MW-3

SAMPLE DATA

Well Detail

U
S
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S
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l

GROUNDWATER
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t)

S-3

14.38 (MLLW)

2-inch Diameter
Schedule 40 PVC
Screen (0.020-inch
Slot Size)

Hollow-stem Auger

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Figure
Log of Well MW-3

Ground Elevation (ft):

Notes:
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Cascade Drilling

Drilling Method:

Drilled By:

Te
st

 D
at

a

S
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pl
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e

B
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w
s/
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ot

A-4

Dark brown-gray fine SAND with fine
gravel and silt (medium dense, wet)
(possible dredge fill)

Well Completed 07/10/00
Total Depth of Well = 14.9 ft.

@ 7.5' - wet

Coarse GRAVEL (2-inch) surface

Boring Completed 07/10/00
Total Depth of Boring = 15.5 ft.

Brown-gray (fine to coarse SAND with
gravel and silt, with zones of very dark
brown and red brown streaks and layers
and variable amounts of organic and
coal-like material (loose to medium dense,
moist to wet) (fill)

W
at

er
 L

ev
el

@ 8.5' - dark brown coal-like layer, 6-inch
thick

10/20 Sand Pack

Threaded End Cap

Natural Soil Slough
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2-inch Diameter
Schedule 40 PVC
Screen (0.020-inch
Slot Size)

PID 0.0

S-2

S-1

10.4'
BGS on
7/12/00

Weldcraft Steel & Marine
Bellingham, Washington

2-inch Diameter
Schedule 40 PVC Pipe

Bentonite Chips

Flush Mount
Monument with
Concrete Surface Seal
and Locking Well Cap

S-4

6

7

2

11

5

W = 19
GS

PID 0.0

S-5

SP-
SM

GP

b1

b1

b1

b1

b1

SP-
SM
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e 
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SOIL PROFILE

MW-4

SAMPLE DATA

Well Detail

U
S

C
S

 S
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bo
l

GROUNDWATER

D
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t)

S-3

15.41 (MLLW)

10/20 Sand Pack

Hollow-stem Auger

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Figure
Log of Well MW-4

Ground Elevation (ft):

Notes:
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Cascade Drilling

Drilling Method:

Drilled By:

Te
st

 D
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a

S
am

pl
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B
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w
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Fo
ot

A-5

Dark gray, gravelly, fine to coarse SAND
with silt to sandy firm GRAVEL with dark
gray-black coal-like material and shell
fragments (loose, wet) (dredge fill)

Coarse GRAVEL (2-inch) surface

@ 11' - 4-inch thick layer of coal-like
material

Brown to brown-gray fine to medium and
fine to coarse SAND with gravel,
red-brown and dark brown streaks, and
fine organic and charcoal-like material
(loose to medium dense, moist to wet at
base) (fill)

Well Completed 07/10/00
Total Depth of Well = 14.9 ft.

@ 3.5' - 2-inch thick coal like material
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@ 13' - wet

Threaded End Cap

Natural Soil Slough
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Boring Completed 07/10/00
Total Depth of Boring = 15.5 ft.



S-3

S-2

S-1

10/20 Colorado sand
pack

Threaded end cap

10/20 Colorado sand
pack

2-inch diameter,
Schedule 40, PVC
screen (0.020-inch slot
size)

2-inch diameter,
Schedule 40, PVC well
casing

Bentonite chips

Weldcraft Steel & Marine
Bellingham, Washington

143

Flush-mounted
monument with locking
cap

ATD

31

34

8

41

114

105

AC

SM

SM

ML

SP

a2

a2

a2

a2

SP

Monitoring Well Detail

8 in

SOIL PROFILE

MW-5

14.77 (MLLW)

GROUNDWATER

Hollow-stem Auger
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Figure
Log of Monitoring Well MW-5 A-6

Ground Elevation (ft):

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Cascade Drilling Inc.

Drilling Method:

Drilled By:

Te
st
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a

S
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w
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Fo
ot

Notes:
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SAMPLE DATA

Gray, silty, fine to coarse SAND with trace
small gravel (medium dense, wet)
(petroleum odor, sheen) (Dredge Fill)

Dark gray,  silty, fine to medium SAND with
gravel (medium dense, wet) (petroleum
odor, light sheen) (Dredge Fill)

Gray SILT with trace fine sand (very loose,
wet) (petroleum odor, slight sheen) (Fill)

Boring Completed 05/22/02
Total Depth of Boring = 16.0 ft.

Monitoring Well Completed 05/22/02
Total Depth of Monitoring Well = 15.5 ft.

Asphalt Pavement
Brown, fine to coarse SAND with gravel,
cobbles and wood fragments (medium
dense, moist) (Fill)
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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APPENDIX B 

FIELD METHODS 
 

This section describes the field methods used for the remedial investigation (RI)  conducted under 

the Agreed Order for the Weldcraft Steel and Marine site (Site), including soil sampling, groundwater 

monitoring well installation, groundwater sampling and water level measurements, surface water 

sampling, weep hole sampling, and sediment sampling.  

 

1.1 SOIL SAMPLING 

Soil samples were collected using a truck-mounted Geoprobe™ direct-push drilling rig.  Soil 

samples were obtained from the soil borings using a closed-piston sampling device with a 48-inch long, 

1.5-inch inside-diameter (ID) core sampler.  The sampler was advanced to the top of the sample interval 

with the piston in a locked position.  The piston tip was loosened and the sampler was advanced over the 

desired depth interval, thereby coring the soil inside the sampler’s disposable, single-use liner.  The 

sampler was withdrawn to retrieve the liner and soil sample.  The liner was cut to remove the soil sample.  

A new liner was placed in the core sampler and this process was repeated until all desired soil samples 

were obtained.  Between samples, the core sampler, including the piston tip and rods, were 

decontaminated, as specified in Section 1.9. 

After the liner was cut, the soil type was field-classified and recorded on the Log of Exploration 

form in accordance with the Uniform Soil Classification System [American Society for Testing and 

Materials (ASTM) 1998].  The soil column retained in the sample liner was field-screened by physical 

inspection.  A visual examination was then made for discoloration of soil, the presence of sheen or non-

aqueous phase liquid (NAPL), and precipitates.  The presence of any odor was also documented.  

The core was divided into the identified sample intervals, and the sample intervals were 

individually homogenized using decontaminated stainless-steel bowls and spoons.  The homogenized 

sample volumes were then placed into the appropriate laboratory-supplied sample containers.  However, 

volatile organic compound (VOC) soil samples, including samples for hydrocarbon testing, were 

collected from the undisturbed soil sample prior to homogenization, as described below. 

The cores were field-screened using a photo-ionization detector (PID) prior to sampling or 

homogenization and were recorded for each 2-ft interval.  If obvious signs of contamination were 

observed, a discrete sample was collected from the area with the greatest level of observed contamination.  

If the soil consisted primarily of coarse sand or finer grained material, U.S. Environmental Protection 

Agency (EPA) Method 5035A, described below, was used.  If soil contained significant gravel content, 
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the EPA method was not used and the previously accepted method of placing larger sample volume in a 

larger sample container was used.   

The EPA Method 5035A soil sampling procedures were used to collect soil samples for gasoline-

range petroleum hydrocarbons (TPH-G), and benzene, toluene, ethylbenzene, and xylene (BTEX) 

analyses consistent with recent Ecology guidance (Ecology 1998).  The EPA 5035A soil sampling 

method is intended to reduce volatilization and biodegradation of samples.  The EPA 5035A procedure 

for soil sample collection is as follows: 

 Collect soil “cores” using coring devices (i.e., EnCore sampler, EasyDraw Syringe, or a Terra 
Core sampling device).  Each core will consist of approximately 5 grams of soil.  Collect 
three discrete cores from each sampling location.  One EasyDraw Syringe or Terra Core 

device was used to collect the three discrete cores; however, if the EnCore samplers are used, 
three sampling devices are required.   

 Remove excess soil from the coring device.  If EasyDraw Syringe or Terra Core sampling 
devices are used for sample collection, place the cored soil directly into unpreserved 40 ml 
vials with a stirbar.  If the EnCore sampler is used, close the sampler for transport to the 
laboratory. 

 Collect one 2-oz jar of representative soil for moisture content and laboratory screening 
purposes.  Fill the jar to minimize headspace. 

 Samples were placed in shipping cooler at 4ºC.  Samples were transported to the laboratory 
within 24 hours of sample collection and were stored at the laboratory at -7ºC.  

Soil samples were collected and preserved consistent with the method-specific requirements. 

 

1.2 MONITORING WELL INSTALLATION AND DEVELOPMENT 

New monitoring wells were installed to a depth of 20.5 ft BGS (except well MW-12, which was 

installed to a depth of 19.3 ft BGS) with a 15 ft screen interval.  Drilling was performed using hollow-

stem auger equipment, and soil samples were collected for geologic characterization at 5-ft intervals 

during boring advancement.   

The monitoring wells were constructed of 2-inch-diameter, Schedule 40 polyvinyl chloride (PVC) 

casing.  The lower 15-ft of the well was screened with a 0.020-inch slotted screen.  A filter pack using 

No. 10-20 silica sand was installed from the base of the boring to at least 1.5 ft above the top of the 

screen, and a bentonite chip seal was installed above the filter pack.  Each well was completed with a 

flush-mount monument.  Monitoring well construction was performed in accordance with the Minimum 

Standards for Construction and Maintenance of Wells (Chapter 173-160 WAC). 

The wells were developed after construction to remove formation material from the well bore and 

the filter pack prior to groundwater level measurement and sampling.  Development was achieved by 
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repeatedly surging the well with a surge block and purging up to 10, but no less than 5, well casing 

volumes.  The well was developed until the turbidity of the purged groundwater is no greater than 

5 nephelometric turbidity units (NTUs), if practicable.  If the well dewatered during the initial surging and 

purging effort, one final well casing volume was removed after the well has fully recharged, as 

practicable.  

 

1.3 WATER LEVEL MEASUREMENTS 

Water level measurements were obtained at each monitoring well prior to purging and sampling, 

but after the wells had been developed and fully recharged to static groundwater level conditions.  Water 

level measurements were collected from all site monitoring wells prior to sample collection.   

All water levels were measured using a decontaminated electronic water level indicator and were 

be recorded to the nearest 0.01 ft.  Measurements were taken from the pre-surveyed reference mark at the 

top of the well casing.   

 

1.4 GROUNDWATER SAMPLE COLLECTION 

Groundwater samples were collected at each monitoring well using a low flow groundwater 

sampling technique as described by the following procedure: 

 Immediately following removal of each well monument cover, the well head was observed 
for damage, leaks, and stains.  Additionally, immediately following removal of the well head 
cap, any odors were recorded and the condition of the well opening was observed.  Any 
damage or leakage to the well head or well opening was recorded.  

 Depth to groundwater measurements were collected using a decontaminated electronic water 
level indicator and recorded to the nearest 0.01 ft.  The measurement was recorded on the 
groundwater sampling form.  

 Prior to sampling, each well were purged using a peristaltic pump that is attached to 
dedicated purge and sample collection tubing.  Purging was maintained at a low purge rate 
(no more than 0.1 liter per minute).  The rate was adjusted to minimize drawdown (with a 
target drawdown of less than 0.33 ft) during purging.  

 Field parameters, including pH, temperature, conductivity, dissolved oxygen (DO), and 
turbidity, were continuously monitored during purging using a flow cell and recorded every 2 
to 3 minutes.  Purging of the well was considered complete when all field parameters become 
stable for three successive readings.  The successive readings should be within  
+/- 0.1 units for pH, +/- 3 percent for conductivity, and +/- 10 percent for DO and turbidity.   

 Purge data were recorded on a Groundwater Sample Collection form, including purge 
volume; time of commencement and termination of purging; any observations regarding 
color, turbidity, or other factors that may be important in evaluation of sample quality; and 
field measurements of pH, specific conductance, temperature, DO, and turbidity. 
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 Following the stabilization of field parameters, the flow cell was disconnected and 
groundwater samples were collected.  Sample data were recorded on a Groundwater Sample 
Collection form, including sample number and time collected; the observed physical 
characteristics of the sample (e.g., color, turbidity); and field parameters (pH, specific 
conductance, temperature, DO, and turbidity). 

 Four replicate field measurements of temperature, pH, specific conductance, DO, and 
turbidity were obtained using the following procedure: 

- A 250-mL plastic beaker was rinsed with deionized water followed by sample water. 

- The electrodes and temperature compensation probe were rinsed with deionized water 
followed by sample water. 

- The beaker was filled with sample water; the probes were placed in the beaker until the 
readings are stabilized.  Temperature, pH, specific conductance, DO, and turbidity 
measurements were recorded on the Groundwater Sample Collection form. 

- The above steps were repeated to collect remaining replicates. 

 Any problems or significant observations were noted in the “comments” section of the 
Groundwater Sample Collection form. 

 Groundwater samples were collected into the appropriate sample containers using a peristaltic 
pump.  Samples were chilled to 4°C immediately after collecting the sample. Clean gloves 
were worn when collecting each sample. 

 Groundwater for dissolved metals analyses were collected last and filtered in the field 
through a 0.45-micron, in-line disposable filter.  Dissolved metal samples were preserved.  A 
note were made on the sample label, sample collection form, and chain of custody (COC) to 
indicate the sample has been field-filtered and preserved, including the type of preservative 
used. 

Groundwater samples collected from the weep hole in the bulkhead between the 50-ton travel lift 

peers were collected from dedicated purge and sample collection tubing inserted into the weep hole 

through a fitting located at the top of the weep hole drop tube.  After allowing water from the weep hole 

to flow freely from the tubing for at least 1 minute, laboratory supplied sample containers were filled 

directly from the discharge tubing. 

Groundwater blind field duplicates that consisted of split samples collected at a single sample 

location were collected.  Blind field duplicates were collected by alternately filling sample containers for 

both the original and the corresponding duplicate sample at the same location to decrease variability 

between the duplicates, and submitted “blind” to the laboratory as discrete samples (i.e., given unique 

sample identifiers to keep the duplicate identity unknown to the laboratory).   
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1.5 MARINE SURFACE WATER AND WEEP HOLE WATER SAMPLING 

Marine surface water samples were collected by lowering a capped, unpreserved, laboratory-

supplied sample bottle beneath the water surface to avoid entraining any surface debris in the sample.  

The bottle was then slowly uncapped and allowed to fill, and recapped prior to removal from the water.  

The surface water collected in the bottle was transferred to a preserved laboratory-supplied sample bottle, 

as appropriate.   

 

1.6 SEDIMENT SAMPLING 

Sediment samples were collected at pre-determined sampling locations by first positioning the 

sampling equipment at the desired location using a Trimble NT300D differential global positioning 

system (DGPS).  Vertical position control was evaluated by using the depth sounder on the sampling 

vessel.  A lead line (or weighted tape) was periodically used to measure from the water surface to the 

mudline as a check and to provide a correction factor (as necessary) for readings from the vessel’s depth 

sounder.  In-field adjustments to depth readings due to tidal stages were made using tidal prediction 

software loaded on the ship’s navigational system.  Actual mudline elevations [in mean lower low water 

(MLLW)] were adjusted after field activities were completed relative to tidal elevation observations made 

by National Ocean Services. 

Surface sediment sample collection was conducted using PSEP protocols.  Samples were 

collected from a sampling vessel with a mechanical grab sampler (i.e., hydraulically powered van Veen 

grab).  The general procedures used for collecting surface sediment samples were as follows: 

1. Make logbook entries, as necessary, throughout the sampling process for thorough 
recordkeeping. 

2. Maneuver the sampling vessel to the proposed sampling location. 

3. Prepare the sampler for deployment. 

4. Guide the sampler into the water keeping it clear of the sampling vessel. 

5. Lower the sampler through the water column to the bottom at approximately 0.3 m/sec. 

6. Upon firm contact with the bottom, record the location with the DGPS. 

7. Retrieve the sampler and raise it to the surface at approximately 0.3 m/sec. 

8. Guide the sampler onto the deck of the sampling vessel; use care to avoid unnecessary 
jostling that might disturb the integrity of the sample. 

9. Examine the sample relative to the following sediment acceptance criteria: 

– The sampler is not overfilled with sediment so that the sediment surface presses against 
the top of the sampler. 

– No leakage has occurred, as indicated by overlying water on the sediment surface. 
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– No winnowing has occurred, as indicated by a relatively flat, undisturbed surface. 

– The penetration depth is adequate. 

– The grab sampler is properly closed. 

10. Siphon off any standing water from the surface of the sediment using a hose primed with site 
water.  Be careful during siphoning not to disturb the integrity of the sediment surface. 

11. Document sample observations. 

12. Collect the upper 12 cm of material from the sampler using a stainless steel scoop or spoon.  
Take care not to include any material that has been in contact with any interior sampler 
surface. 

13. Thoroughly rinse the interior of the sampler until all loose sediment has been washed off. 

14. Repeat the sampling process until sufficient sediment volume is obtained to satisfy the 
volume requirements for the laboratory analysis.  Collect successive grab samples, if 
necessary, within a radius of 3 meters of the targeted station coordinates. 

15. Homogenize the bulk sediment with a stainless steel spoon or heavy-duty, variable-speed drill 
with stainless steel stirring paddle until the sediment appears uniform in color and texture. 

16. Distribute homogenized sediment to appropriate laboratory-supplied sample containers and 
make certain that sample labels are completely filled out and affixed to the containers. 

17. Clean the exterior of all sample containers and store them in an ice chest at approximately 
4C, away from the immediate work area. 

18. Thoroughly decontaminate the sampler by following the procedure in Section 3.5. 

19. Make sure that all logbook entries are complete. 

20. Proceed to the next sampling location. 

 

1.7 SAMPLE TRANSPORTATION AND HANDLING 

The transportation and handling of soil, groundwater, surface water, and sediment samples was 

accomplished in a manner that not only protected the integrity of the sample, but also prevented any 

detrimental effects due to release of samples.  Samples were kept in coolers on ice until delivery to the 

analytical laboratory.  At the end of each day, samples were logged on a Chain-of-Custody (COC) form.  

The COC accompanied each shipment of samples to the laboratory. 

 

1.8 SAMPLE CUSTODY AND DOCUMENTATION 

Adequate sample custody was achieved by means of approved field and analytical 

documentation.  Such documentation included the COC record that was initially completed by the 

sampler and was thereafter, signed by those individuals who accept custody of the sample 
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Sample control and COC in the field and during transportation to the laboratory was conducted in 

general conformance with the procedures described below: 

 As few people as possible handled samples. 

 Sample bottles were obtained new or pre-cleaned from the laboratory performing the 
analyses. 

 The sample collector was personally responsible for the completion of the COC record and 
the care and custody of samples collected until they were transferred to another person or 
dispatched properly under COC rules. 

 The coolers in which the samples were shipped were accompanied by the COC record 
identifying their contents.  The original record and laboratory copy accompanied the 
shipment (sealed inside the shipping container).  The other copy was forwarded to Landau 
Associates along with sample collection forms. 

 Coolers were sealed with strapping tape and custody seals for shipment to the laboratory. The 
method of shipment, name of courier, and other pertinent information was entered in the 
“remarks” section of the COC record. 

When samples were transferred, the individuals relinquishing and receiving the samples signed 

the COC form and recorded the date and time of transfer.  The sample collector signed the form in the 

first signature space.  Each person taking custody observed whether the shipping container was correctly 

sealed and in the same condition as noted by the previous custodian. 

 

1.9 EQUIPMENT DECONTAMINATION 

The decontamination procedures described below were used by field personnel to clean drilling, 

sampling, and related field equipment.   

 

1.9.1 SAMPLING EQUIPMENT 

All used sampling equipment (e.g., stainless-steel bowls, stainless-steel spoons, hand augers, and 

Geoprobe core samplers, and hollow-stem auger split spoon samplers) were cleaned using a three-step 

process, as follows: 

1. Surfaces of equipment that were in contact with the sample were scrubbed with brushes 
using an Alconox solution. 

2. Equipment was rinsed and scrubbed with clean tap water. 

3. Equipment was rinsed a final time with deionized water to remove tap water impurities. 

Decontamination of the reusable sampling devices occurred between collection of each sample.   
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1.9.2 HEAVY EQUIPMENT 

Heavy equipment (e.g., drilling rigs and drilling equipment used downhole, or equipment that 

contacts material) was cleaned with a hot water, high pressure wash before each use and at completion of 

the project.  Potable tap water was used as the cleansing agent. 

 

1.10 RESIDUAL WASTE MANAGEMENT 

This section describes the management of the soil cuttings, well development water, purge water, 

and decontamination water generated during soil boring and well installation, well development, and 

groundwater sampling. 

 

1.10.1 SOIL CUTTINGS 

Soil cuttings from boreholes were temporarily stored in 55-gal drums.  Soil cuttings from the 

monitoring well installation were segregated from the soil cuttings associated with the gasoline UST and 

SB-20 area investigations because the soil cuttings from the monitoring wells are not expected to be 

contaminated.  Because Geoprobe investigations do not generate a significant volume of soil cuttings, a 

single drum will likely be sufficient for the UST and SB-20 investigation areas.  Three to four drums will 

likely be required for the monitoring well cuttings.  

Disposal of the soil cuttings was completed in accordance with appropriate regulations.  Separate 

soil composite samples were collected from the materials in the drum containing the cuttings from the 

UST and SB-20 investigations, and the drums containing the monitoring well cuttings.  Each composite 

sample was analyzed for parameters required for disposal. 

 

1.10.2 DECONTAMINATION WATER, PURGE WATER, AND MONITORING WELL DEVELOPMENT 

WATER 

Decontamination water, purge water, and monitoring well development water generated during 

soil and groundwater sampling and monitoring well installation were temporarily stored in 55-gal drums.  

Disposal methods were determined based on the analytical results for the groundwater samples. 

 

1.10.3 RESIDUAL SEDIMENT  

Excess sediment generated during sediment sampling was returned to the water at the station 

where it was collected.   
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1.11 UTILITY LOCATE 

Prior to conducting subsurface explorations, the public utility locate service was contacted to 

locate underground utilities at the perimeter of the property.  A private utility locate service was 

contracted to clear all exploration locations not located in the public right-of-way. 

 

1.12 SURVEYING 

Landau Associates personnel surveyed the location of each exploration using DGPS equipment to 

facilitate accurate placement of these features on project figures and drawings.  Landau Associates also 

survey the vertical elevation of the new monitoring wells using land surveying equipment with the 

existing well reference elevations as the datum.  Surveying was accomplished after site investigation 

activities were completed.  To assist in relocating the sampling locations, a piece of masking tape with the 

sample designation noted on it was secured to the exploration location at the time of sampling. 

 

 



3/2/11  P:\001\024\FileRm\R\Ecology RI-FS 02_2011\Appendices\Field Methods _ Appendix B_SJL.doc LANDAU ASSOCIATES 
 B-2-1 

2.0 REFERENCES 

ASTM.  1998.  Report:  Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedure) D 2488-93 and Test Method for Classification of Soils for Engineering Purposes (Unified Soil 
Classification System) D 2487-93.  American Society for Testing and Materials. 

 
Ecology.  1998.  Report:  Minimum Standards for Construction and Maintenance of Wells.  WAC 173-
160.  Washington State Department of Ecology.  September 2. 

 

EPA.  1998.  Report:  EPA Guidance Document for Quality Assurance Project Plans.  Publication EPA 
QA/G-5, EPA/600/R-98/018.  U.S. Environmental Protection Agency.  February. 

 
EPA.  1994a.  Report:  Guidance for Data Quality Objectives Process.  U.S. Environmental Protection 
Agency, Office of Solid Waste and Emergency Response.  October. 

 
EPA.  1994b.  Report: USEPA Contract Laboratory Program National Functional Guidelines for 
Organic Data Review.  EPA-540/R-94/012. U.S. Environmental Protection Agency. Office of Emergency 
and Remedial Response, Washington, DC.  February. 

 
EPA.  1994c.  Report:  USEPA Contract Laboratory Program National Functional Guidelines for 
Inorganic Data Review. EPA-540/R-94/013. U.S. Environmental Protection Agency.  Office of 
Emergency and Remedial Response, Washington, DC.  February. 

 
EPA.  1988.  Report:  Guidance for Conducting Remedial Investigations and Feasibility Studies Under 
CERCLA.  EPA/540/G-89/004.  OSWER Directive 9355.3-01.  U.S. Environmental Protection Agency, 
Washington, DC.  October. 

 
EPA.  1986.  Report:  Test Methods for Evaluating Solid Waste.  SW-846, Third Edition, with most recent 
updates.  U.S. Environmental Protection Agency. 
 
Landau Associates.  2005.  Report:  Ecology Review Draft, Remedial Investigation/Feasibility Study, 
Weldcraft Steel and Marine (Gate 2 Boatyard), Bellingham, Washington.  January 14. 
 
 



B-1

Recovery Depth Interval

GRAPHIC
SYMBOL

Clayey gravel; gravel/sand/clay mixture(s)

a
b
c
d
e
f
g
h
i
1
2
3
4
5 Approximate water level at time other than ATD

Approximate water level at time of drilling (ATD)

USCS
LETTER

SYMBOL(1)

Asphalt concrete pavement or Portland cement pavement

TYPICAL
DESCRIPTIONS (2)(3)

Sample Identification Number

Sample Depth Interval

GC
SW

DescriptionCode
SAMPLER TYPE

Code

Groundwater

PP = 1.0
TV = 0.5
PID = 100
W = 10
D = 120

-200 = 60
GS
AL
GT
CA

Weldcraft Steel & Marine
Bellingham, Washington

SAMPLE NUMBER & INTERVAL

1

Drilling and Sampling Key

(M
or

e 
th

an
 5

0%
 o

f m
at

er
ia

l i
s

la
rg

er
 th

an
 N

o.
 2

00
 s

ie
ve

 s
iz

e)

Peat; humus; swamp soil with high organic content

SILT AND CLAY

(Liquid limit less than 50)

Rock (See Rock Classification)

DB

RK

SILT AND CLAY

(Liquid limit greater than 50)

HIGHLY ORGANIC SOIL

GRAPHIC
SYMBOL

SAND WITH FINES

Construction debris, garbage

3.25-inch O.D., 2.42-inch I.D. Split Spoon
2.00-inch O.D., 1.50-inch I.D. Split Spoon
Shelby Tube
Grab Sample
Single-Tube Core Barrel
Double-Tube Core Barrel
2.50-inch O.D., 2.00-inch I.D. WSDOT
3.00-inch O.D., 2.375-inch I.D. Mod. California
Other - See text if applicable
300-lb Hammer, 30-inch Drop
140-lb Hammer, 30-inch Drop
Pushed
Vibrocore (Rotosonic/Geoprobe)
Other - See text if applicable

(More than 50% of
coarse fraction retained

on No. 4 sieve)

C
O

A
R

S
E

-G
R

A
IN

E
D

 S
O

IL

SAND AND
SANDY SOIL

(More than 50% of
coarse fraction passed

through No. 4 sieve)

(Little or no fines)

GRAVEL WITH FINES
(Appreciable amount of

fines)

GRAVEL AND
GRAVELLY SOIL

(Appreciable amount of
fines)

Primary Constituent:
Secondary Constituents:

Additional Constituents:

4/
3/

09
  \

\E
D

M
D

A
TA

\G
IN

T\
G

IN
T7

\P
R

O
JE

C
TS

\0
01

02
4-

23
0.

G
P

J 
 S

O
IL

 C
LA

S
S

 S
H

E
E

T

Figure
Soil Classification System and Key

50% - "GRAVEL," "SAND," "SILT," "CLAY," etc.
50% - "very gravelly," "very sandy," "very silty," etc.
30% - "gravelly," "sandy," "silty," etc.
15% - "with gravel," "with sand," "with silt," etc.
5% - "with trace gravel," "with trace sand," "with trace silt," etc., or not noted.

4.  Soil density or consistency descriptions are based on judgement using a combination of sampler penetration blow counts, drilling or
excavating conditions, field tests, and laboratory tests, as appropriate.

Wood, lumber, wood chips

Notes:

Poorly graded sand; gravelly sand; little or no fines

> 
_ 
_ 
_ 
_ 

> 30% and <
> 15% and <
>   5% and <

<

WD

LETTER
SYMBOL TYPICAL DESCRIPTIONSOTHER MATERIALS

DEBRIS

WOOD

ROCK

PAVEMENT

1.  USCS letter symbols correspond to symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter
symbols (e.g., SP-SM for sand or gravel) indicate soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline
or multiple soil classifications.

2.  Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure), outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on
the Standard Test Method for Classification of Soils for Engineering Purposes, as outlined in ASTM D 2487.

3.  Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is
defined as follows:

AC or PC

CLEAN GRAVEL

ML
CL
OL
MH

Well-graded gravel; gravel/sand mixture(s); little or no fines

CH
OH
PT

Field and Lab Test Data

CLEAN SAND

Soil Classification System
FI

N
E

-G
R

A
IN

E
D

 S
O

IL

Inorganic silt; micaceous or diatomaceous fine sand

Well-graded sand; gravelly sand; little or no fines

Poorly graded gravel; gravel/sand mixture(s); little or no fines

GW
GP
GM

Portion of Sample Retained
for Archive or Analysis

Description
Pocket Penetrometer, tsf
Torvane, tsf
Photoionization Detector VOC screening, ppm
Moisture Content, %
Dry Density, pcf
Material smaller than No. 200 sieve, %
Grain Size - See separate figure for data
Atterberg Limits - See separate figure for data
Other Geotechnical Testing
Chemical Analysis

MAJOR
DIVISIONS

SC

Inorganic clay of high plasticity; fat clay

Organic silt; organic, silty clay of low plasticity

Inorganic clay of low to medium plasticity; gravelly clay; sandy
clay; silty clay; lean clay

Inorganic silt and very fine sand; rock flour; silty or clayey fine
sand or clayey silt with slight plasticity

Clayey sand; sand/clay mixture(s)

Silty sand; sand/silt mixture(s)

Silty gravel; gravel/sand/silt mixture(s)

(M
or

e 
th

an
 5

0%
 o

f
m

at
er

ia
l i

s 
sm

al
le

r t
ha

n
N

o.
 2

00
 s

ie
ve

 s
iz

e)

(Little or no fines) SP
SM

Organic clay of medium to high plasticity; organic silt



Flush-mounted
monument with locking
cap

Threaded end cap

10/20 Colorado sand
pack

2-inch diameter,
Schedule 40, PVC
screen (0.020-inch slot
size)

2-inch diameter,
Schedule 40, PVC well
casing

Concrete Cement

Weldcraft Steel & Marine (Gate
2 Boatyard) Site

Bellingham, Washington

0

Bentonite chips

76/
12"

50/
6"

78/
12"

15

0

0

0

a2

SW/
SP

SW

a2

a2

ATD

a2

S
am

pl
er

 T
yp

e

B
lo

w
s/

Fo
ot

GROUNDWATER

Drilled By:

8 in

SOIL PROFILE

MW-10

B-2
(1 of 2)

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 W
E

LL
 L

O
G

Figure

P
ID

 (p
pm

)

Log of Monitoring Well MW-10

Ground Elevation (ft):

Notes: 1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Notes: 1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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3.1
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Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement

Dark gray to gray, gravelly medium to
coarse SAND (loose, damp to moist)

WOOD DEBRIS (slight hydrocarbon odor,
no stain) (hard, moist)
Gray, gravelly medium to coarse SAND
(loose, damp to moist)

ATD

Gray to dark gray to black, medium to
coarse SAND with gravel (moderate
hydrocarbon odor) (loose, moist to wet)

Log of Boring SB-35
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

B-6
Figure

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

Weldcraft Steel & Marine (Gate
2 Boatyard) Site

Bellingham, Washington

SOIL PROFILE

0

2

4

6

8

10

12

14

16

18

20

G
ra

ph
ic

 S
ym

bo
l

B
lo

w
s/

Fo
ot

W
at

er
 L

ev
el

U
S

C
S

 S
ym

bo
l GeoprobeTM

Ground Elevation (ft):



-Strong hydrocarbon odor

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement

-Moderate hydrocarbon odor

29.5

ATD

Log of Boring SB-36

Gray, gravelly fine to coarse well-graded
SAND with trace shell fragments.
Various gray to black bands ranging in
thickness from 2 to 8 inches within sand.
Small (1/4-inch) chunks of coal-like
material in sand at 9.5 to 12 ft bgs.
(strong hydrocarbon odor in coal-like
material at 9.5 ft bgs)
(loose, damp to wet) (FILL)

g3

g3

1292

26.6

PC

SW

SB-36 g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

SAMPLE DATA

S
am

pl
er

 T
yp

e

Notes:

SOIL PROFILE

D
ep

th
 (f

t)

Drilling Method:

P
ID

 (p
pm

)

B-7
Figure

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

Weldcraft Steel & Marine (Gate
2 Boatyard) Site

Bellingham, Washington

S
am

pl
e 

N
um

be
r

&
 In

te
rv

al

W
at

er
 L

ev
el

0

2

4

6

8

10

12

14

16

18

20

GROUNDWATER

SB-36

U
S

C
S

 S
ym

bo
l GeoprobeTM

Ground Elevation (ft):

Drilled By:

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

G
ra

ph
ic

 S
ym

bo
l

Cascade Drilling Inc.
B

lo
w

s/
Fo

ot



-Strong hydrocarbon odor

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement

Gray, medium SAND with shell fragments
(loose, damp to wet)

1608

-Moderate hydrocarbon odor

33.6

ATD

Log of Boring SB-37

-Black coal-like material found in sand
matrix from 7ft to 10.5 ft bgs

g3

g3

PC

SW

SB-37
SB-37B

15.8

g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-Small (1/4-inch) pieces of coal-like
material

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement
Gray to black, gravelly fine to coarse SAND
(loose, damp to wet) (FILL)

-Alternating gray to black color

-Shell fragments

12.6

-Moderate hydrocarbon odor ATD

Log of Boring SB-38

-Small (2 to 3-inch) piece of wood debris

g3

g3

156

PC
SW/
SP

SB-38

5.6

g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-Shell fragments with a slight
hydrocarbon odor

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement
Brown to black to dark gray, very gravelly
medium to coarse SAND (loose, damp to
wet)

1023

-Slight hydrocarbon odor

33.7

-Moderate hydrocarbon odor
ATD

Log of Boring SB-39

-No odor, no sheen
g3

g3

PC
SW

SB-39

29.3

g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Gray, fine to medium SAND with gravel (no
odor, no stain) (loose, damp to wet)

8.6

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Gray to black, gravelly fine to coarse
well-graded SAND (no odor, no stain)
(loose, damp)

SB-40

ATD

Log of Boring SB-40

Portland Concrete Cement

g3

g3 1.5

0.2

PC
SW

SW

g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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0

26

15.9

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement
Gray, gravelly, fine to medium SAND
(damp, loose)

-Shell fragments

2-inch layer of black coal-like material
(moist, loose)

ATD

Black coal-like material (moist, loose)

Log of Boring SB-41
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fragments

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

Gray, gravelly, fine to medium SAND
(damp, loose)

Cascade Drilling Inc.

SB-41

Drilling Method:

P
ID

 (p
pm

)

SAMPLE DATA GROUNDWATER

S
am

pl
er

 T
yp

e

Notes:

D
ep

th
 (f

t)

Drilled By:

S
am

pl
e 

N
um

be
r

&
 In

te
rv

al

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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SB-42

<1

<5

52

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement
Gray to black, fine to medium SAND with
gravel (loose, damp)

ATD

Wood debris

Log of Boring SB-42

Sandy, black, coal-like material (moist,
loose) (slight hydrocarbon odor)
Black, coal-like material with sand (moist
to wet) (moderate hydrocarbon odor)

Black, gravelly medium SAND (wet)
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Gray, medium SAND (moist, loose)
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2-inch layer of black coal-like material
(moist, loose)

Ground Elevation (ft):

SB-42

Weldcraft Steel & Marine (Gate
2 Boatyard) Site

Bellingham, Washington
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B-13

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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SB-43

<1

10.2

32.6

Boring Completed 05/08/06
Total Depth of Boring = 12.0 ft.

Portland Concrete Cement

Gray, fine to medium SAND with gravel
(loose, moist)

ATD

Gray SAND

Log of Boring SB-43

Gray SAND
Black, COAL-like material with sand (wet)

Dark gray, SAND with grael and shell
fragments
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Alternating layers of gray, fine to medium
SAND and black COAL-like material
(loose, moist) (slight hydrocarbon odor)

Ground Elevation (ft):
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2 Boatyard) Site
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Gray to dark gray, sandy GRAVEL (loose,
damp) (fill)

Boring Completed 05/08/06
Total Depth of Boring = 3.0 ft.

SB-44
-1-2

Asphalt ConcreteSB-44
-0-1

Log of Boring SB-44
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Gray to dark gray, very gravelly, medium to
coarse SAND (loose, damp) (fill)

Boring Completed 05/08/06
Total Depth of Boring = 3.0 ft.
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Asphalt concreteSB-45
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Notes:
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Gray to brown, very gravelly, medium to
coarse SAND (loose, damp) (fill)

Boring Completed 05/08/06
Total Depth of Boring = 3.0 ft.
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Asphalt concreteSB-46
-0-1

Log of Boring SB-46
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Notes:
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Gray to dark gray, gravelly, fine to coarse
SAND with trace silt (loose, damp) (fill)

Boring Completed 05/08/06
Total Depth of Boring = 3.0 ft.
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Asphalt concreteSB-47
-0-1

Log of Boring SB-47
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Notes:

Figure
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Gray, medium sandy, medium to coarse
GRAVEL (loose, damp) (fill)

SB-48
-2-3

Boring Completed 06/29/06
Total Depth of Boring = 3.5 ft.

Asphalt concrete

-decreasing coarse gravel

Log of Boring SB-48
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Dark gray grading to dark brown with
depth, fine to medium sandy, GRAVEL
(loose, damp) (fill)

SB-49
-2-3

Boring Completed 06/29/06
Total Depth of Boring = 3.5 ft.

Asphalt concrete

Log of Boring SB-49
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Notes:

Figure
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Dark brown, fine to medium SAND with
trace gravel (loose, damp to wet) (fill)

SB-50
-2-3

Boring Completed 06/29/06
Total Depth of Boring = 3.5 ft.

Asphalt Concrete

Log of Boring SB-50
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

Notes:

Figure
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Groundwater not encountered.

Asphalt concrete

Dark brown, fine to medium SAND with
gravel (loose, moist) (fill)

-Refusal at 1.25 ft below asphaltBoring Completed 06/29/06
Total Depth of Boring = 1.3 ft.

Log of Boring SB-51
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Log of Boring SB-52

Gray, gravelly, SAND with occasional black
laminates (approximately 0.5-inch thick
each) (loose, damp)

-Refusal at 5 ft bgs due to large wood
debris
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Black, COAL-like material with medium
sand and some wood debris (loose, moist)
(fill)

0

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Gray to brown to black, gravelly SAND
(loose, damp) (fill)

SB-53
-9-10

ATD

Log of Boring SB-53

Portland concrete cement

g3

g3 0
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Portland concrete cement

0

0

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Alternating black to gray, gravelly SAND
(loose, damp) (fill)

Black, crushed, COAL-like material (loose,
moist to wet) (fill)

Black, fine to medium SAND with gravel
(loose, wet)
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Portland concrete cement

6.9

1021

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Dark gray, gravelly SAND (loose, damp)
(fill)

Black, crushed, COAL-like material (loose,
damp to wet) (fill)

Brown, fine to medium SAND (loose, wet)

ATD

Log of Boring SB-55
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-Drill point pushing rocks, no recovery
between 10.25 to 12 ft bgs.  No sample.

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Portland concrete cement
Gray, medium to coarse gravelly, medium
to coarse SAND (loose, damp to wet) (fill)

Log of Boring SB-56

Dark gray, medium gravelly, medium
SAND (loose, damp to wet)

0.9

ATD

-Shell fragments and decreasing gravels

g3

g3

g3 0

PC
SW

SP

0

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-Occasional coarse gravels

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Portland concrete cement

-Some alternating block to gray bands of
sand (black sands have shell fragments)

0

ATD

Log of Boring SB-57

Gray to black, medium SAND with
abundant gravel and coal-like material
(loose, damp) (fill)

g3

g3

0.3

0.3

PC
SP

SB-57
-10-11 g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Log of Boring SB-58

Gray to black medium SAND with gravel
(very dense, damp) (fill)

-Some wood debris in bottom of sampler
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Boring Completed 06/30/06
Total Depth of Boring = 8.0 ft.
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Black, fine to medium SAND with coal-like
material (loose, wet) (fill)

0.7

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Gray to black, medium SAND with gravel
and trace shell fragments (loose, damp to
moist) (fill)

SB-59
-10-11

ATD

Log of Boring SB-59

Portland concrete cement

g3

g3 0.1

0

PC
SP

SWg3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Portland concrete cement
Gray to black, gravelly medium SAND
(loose to medium dense, damp to moist)

-Refusal on wood debris at 8 ft bgs

Log of Boring SB-60
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-some coal-like material with a slight
hydrocarbon odor encountered in sands
between 9.5 and 12 ft bgs

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Portland concrete cement

-grades to grown and gray

0

ATD

Log of Boring SB-61

Gray to black, fine to coarse gravelly,
medium to coarse SAND (loose, damp to
wet) (fill)

g3

g3

2.3

0

PC
SW

SB-61
10-11 g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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-some coal-like material

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Portland concrete cement

-increasing fine sands

0

ATD

Log of Boring SB-62

Gray to black to brown, fine gravelly, fine to
medium SAND (loose, damp to wet)

g3

g3

2.6

0

PC
SW

SB-62
-10-11 g3

1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.

SAMPLE DATA

S
am

pl
er

 T
yp

e

Notes:

SOIL PROFILE

D
ep

th
 (f

t)

Drilling Method:

P
ID

 (p
pm

)

B-33
Figure

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

Weldcraft Steel & Marine (Gate
2 Boatyard) Site

Bellingham, Washington

S
am

pl
e 

N
um

be
r

&
 In

te
rv

al

W
at

er
 L

ev
el

0

2

4

6

8

10

12

14

16

18

20

GROUNDWATER

SB-62

U
S

C
S

 S
ym

bo
l GeoprobeTM

Ground Elevation (ft):

Drilled By:

10
24

.2
0 

 4
/3

/0
9 

 \\
E

D
M

D
A

TA
\G

IN
T\

G
IN

T7
\P

R
O

JE
C

TS
\0

01
02

4.
20

0.
27

0.
G

P
J 

 S
O

IL
 B

O
R

IN
G

 L
O

G

G
ra

ph
ic

 S
ym

bo
l

Cascade Drilling Inc.
B

lo
w

s/
Fo

ot



Portland concrete cement

0

4.3

Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

Gray, fine to medium gravelly, fine to
medium SAND (loose, damp to moist) (fill)

Black, COAL-like material with sand
(loose, moist to wet) (fill)

Black to gray, fine to medium gravelly, fine
to medium SAND (loose, wet)

ATD

Log of Boring SB-63
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Log of Boring SB-64 B-35
Figure
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

SB-65-
9-10

Portland concrete cement
Gray to dark gray, medium gravelly,
medium SAND (loose, damp) (fill)

Black COAL-like material with sand

Alternating layers (approximately 1/4" to
1/2" thick) of medium sand and black
coal-like material (loose, moist to wet)

Dark gray, medium SAND (loose, wet)
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Boring Completed 06/30/06
Total Depth of Boring = 12.0 ft.

0

Gray, fine to medium gravelly, medium
SAND (loose, damp to wet)
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Log of Boring SB-66
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1.  Stratigraphic contacts are based on field interpretations and are approximate.
2.  Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3.  Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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1.0 INTRODUCTION 

This interim action completion report documents the implementation of the sediment remediation 

and redevelopment project at the former Weldcraft Steel and Marine (Gate 2 Boatyard) site (Site) at the 

Port of Bellingham (Port) in Bellingham, Washington.  A Site vicinity map is shown on Figure 1, and a 

project area Site map with an aerial photograph taken prior to conducting the interim action is shown on 

Figure 2.  

The sediment interim action was conducted by the Port under Agreed Order No. DE 03TCPBE-

5623 issued by the Washington State Department of Ecology (Ecology), which has an effective date of 

July 15, 2003.  Project activities were conducted in accordance with the Ecology-approved Interim Action 

Work Plan (Landau Associates 2003a), which was prepared in accordance with Ecology’s Model Toxics 

Control Act regulations (MTCA; WAC 173-340-430) and the Washington State Sediment Management 

Standards (SMS; WAC 173-204; Ecology 1995).   

The interim action was also consistent with the goals of the Bellingham Bay Comprehensive 

Strategy.  The Site was one of several sediment cleanup sites identified in the final Environmental Impact 

Statement (FEIS; Anchor Environmental 2000) developed under the Bay-wide Demonstration Pilot. 

The primary objectives of the Gate 2 Boatyard sediment remediation and redevelopment project 

were to: 

Remediate contaminated sediments impacted by boatyard activities of the Port’s former Site 
tenant, Weldcraft Steel and Marine  

Implement Site repairs and improvements necessary to allow continuing Site use as a water-
dependent boatyard by the Port’s new tenant, Seaview North Boatyard, Inc. 

Provide significant new marine habitat in the project vicinity, in addition to compensatory 
mitigation to address habitat losses associated with sediment dredging and Site improvements  

Beneficially use dredged material from the U.S. Army Corps of Engineers (USACE) 
maintenance dredging of the Squalicum Creek Waterway for construction of the new marine 
habitat bench along the existing Federal breakwater. 

This report has been prepared for Ecology to document the satisfactory completion of the 

sediment interim action and Site redevelopment construction activities, and meets the Agreed Order 

requirements for an interim action completion report.  The overall objective of this report is to document 

that the sediment remediation and marine habitat bench construction activities were completed in overall 

conformance with the Interim Action Work Plan, the Site preliminary cleanup levels based on the SMS 

Sediment Quality Standards, project permits and approvals, and the construction drawings and technical 

specifications included with the Port’s contact documents (Port of Bellingham 2003).  Brief summaries of 
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the various Site redevelopment activities that were not part of the MTCA cleanup action are also included 

in this report for documentation purposes.  

Project permits and approvals associated with the Gate 2 Boatyard sediment remediation and 

redevelopment project included the following: 

Clean Water Act (CWA) Section 404 Individual Permit No. 200201330, issued by the 
USACE, dated July 29, 2003, as modified on February 13, 2004 to extend the in-water 
construction period from February 15, 2004 to March 1, 2004 

Hydraulic Project Approval (Log No. ST-F7729-01) issued by the Washington State 
Department of Fish and Wildlife (WDFW) on June 9, 2003 

Water Quality Certification/Modification Order #03SEAHQ-5664 issued by Ecology on 
July 22, 2003, and First Amendment dated August 21, 2003 

City of Bellingham Building Permit No. BLD2003-00225 issued August 1, 2003 and Public 
Works Permit No. PBW2003-00932 issued August 1, 2003 

Authorization for a Habitat Bench in PMA #22-080025, Parcel 2, issued by the Washington 
State Department of Natural Resources (WDNR) dated July 18, 2003. 

This interim action was focused on the in-water portion of the Site.  Upland remediation will be 

addressed separately, following completion of a Site-wide remedial investigation/feasibility study (RI/FS) 

also being conducted under the Agreed Order between the Port and Ecology.   

Section 2.0 of this report presents a summary of Site conditions.  Section 3.0 presents a summary 

of the interim action construction activities.  Section 4.0 presents a summary of sediment quality 

monitoring associated with the interim action.  Section 5.0 presents the Professional Engineer’s statement 

regarding implementation of the interim action.  Section 6.0 presents the references for this document.
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2.0 SITE CONDITIONS 

This section presents a summary of Site conditions relevant to the Gate 2 Boatyard sediment 

remediation and redevelopment project.  Additional details are presented in the Interim Action Work Plan 

(Landau Associates 2003a) and the Site-wide RI/FS report (Landau Associates 2005). 

 

2.1 SITE LOCATION 

The Site is located on Port property just south of Squalicum Way at Section 25, Township 38 

North, Range 2 East, within and adjacent to Squalicum Outer Harbor in Bellingham, Washington, as 

shown on the Site map on Figure 2.  The street address for the current Site tenant (Seaview North 

Boatyard) is 2652 Harbor Loop Drive, Bellingham, Washington, 98225.  

 

2.2 SITE HISTORY 

Historic fire insurance maps from 1904 and 1913 show the Site area was undeveloped tidelands 

of Bellingham Bay.  In the 1920s, the area was filled with material dredged during construction of the 

Squalicum Creek Waterway.  By the 1940s and 1950s, various large businesses began operation in the 

filled areas along the waterway.  Construction of the existing Federal breakwater and dredging of the 

Squalicum marina area to Elevation -12 ft mean lower low water (MLLW) occurred in the early 1950s. 

The Port became owner of the Site in 1927.  Weldcraft Steel and Marine (Weldcraft) first leased 

the Site in 1946 and operated primarily as a shipyard that conducted boat construction, repair, and 

maintenance; vessel haul-out and launching; marine pipefitting; sheet metal work; painting; and other 

various shipyard activities.   

The Port’s lease with Weldcraft was terminated in February 2000 and the Port obtained full 

operational control of the Site in July 2000.  The Site has been occupied by the Port’s current tenant, 

Seaview North Boatyard, since April 2002.  

 

2.3 SITE FEATURES PRIOR TO THE INTERIM ACTION 

Site features that existed prior to the interim action are shown on Figure 3 and are summarized 

below, with an emphasis on Site features within the nearshore work areas versus the upland portions of 

the Site.  A discussion of how the Site features were modified during the interim action is presented in 

Section 3.0.  The relationship between true north and plan north used for the project is indicated on 

Figure 3 and other plan view figures. 
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The upland portion of the Site is relatively flat with a ground surface between about Elevation 13 

and 15 ft MLLW.  A preconstruction bathymetric survey of the near-shore marine area was performed by 

Blue Water Engineering of Seattle, Washington in October 2001.  The horizontal survey data were 

referenced to Washington State plane coordinates - north zone (NAD 83), and the vertical data were 

referenced to MLLW datum.  The bathymetric survey data were supplemented by spot mudline elevation 

measurements made by Landau Associates.  The resulting preconstruction bathymetric contours are 

shown on Figure 3 and Drawings C-1 and C-2 in Appendix A. 

A timber bulkhead had been constructed along the waterfront on the north and east sides of the 

Site to support the upland fill areas adjacent to Squalicum Outer Harbor.  The timber bulkhead was 

constructed with creosote-treated timber piles that support horizontal timber lagging with tieback rods and 

deadman anchors at most pile locations.  The bulkhead alignment was subdivided into three segments (A, 

B, and C) for Port planning purposes, as indicated on Figure 3.  The bulkhead lengths for Segments A, B, 

and C are approximately 144 ft, 222 ft, and 258 ft, respectively.  About 176 ft of bulkhead along the north 

side of the Site is covered by the Segment C timber wharf.   

A marine railway structure had been constructed from the upland railway well area 

(approximately 30 ft wide by 100 ft long) into the water about 235 ft beyond the timber bulkhead, as 

indicated on Figure 3.  The marine railway was supported on creosote-treated timber piles, with timber 

pile caps and stringers supporting the two steel rails.  The sides of the marine railway well were supported 

by timber piles and lagging supplemented with concrete side walls along a portion of the structure.  A 

concrete-lined vault at the east end of the railway well housed the winch and cable assemblies used to 

move the railway platform along the marine railway. 

The existing 35-ton travel lift piers are supported on pairs of creosote-treated timber piles with 

timber cross bracing, and the timber and steel carrier beams extend about 77 ft beyond the timber 

bulkhead.  The north travel lift float is a timber structure that extends about 350 ft beyond the timber 

bulkhead and is secured by fifteen timber piles.   

The Segment C wharf located along the north side of the Site is a creosote-treated timber pile-

supported structure with timber decking, stringers, pile caps, and cross bracing.  The wharf is 

approximately 30 ft wide and 176 ft long, as indicated on Figure 3.  A small shop building is situated on 

the eastern side of the wharf and extends upland onto the gravel surfaced area beyond the alignment of the 

Segment C bulkhead, as shown on Figure 3.   

The upland areas to the east of the Segment B bulkhead contained several small sheds, the 

boatyard buildings, open storage and work areas, parking areas, and a grass bioswale, as indicated on 

Figure 3.  The area north of the railway well was a gravel surfaced storage area, while the areas south of 
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the railway well were paved with asphalt concrete.  The upland areas to the east of the Segment A 

bulkhead contain structures and paved parking areas associated with the Squalicum Yacht Club and the 

Bellingham Yacht Club.   

Several active and inactive stormwater outfall pipes extended through the timber bulkhead on the 

north and east sides of the Site, as indicated on Figure 3.  Additional discussion of Site outfalls is 

provided in the Site-wide RI/FS report (Landau Associates 2005). 

 

2.4 SITE ENVIRONMENTAL CONDITIONS 

Site environmental investigations conducted within the interim action area, and environmental 

conditions that existed prior to the sediment interim action, are discussed in detail in the Interim Action 

Work Plan and are briefly summarized below.  

The objective of the sediment investigations was to evaluate the horizontal and vertical extent of 

sediment contamination resulting from the presence and release of wastes or hazardous substances 

associated with previous Site activities.  Many of the sediment samples underwent analysis for SMS 

metals, semivolatile organic compounds (SVOC), bulk butyltins including tributyltin (TBT), and total 

organic carbon (TOC).  Sediment quality was evaluated based on SMS sediment quality standards (SQS) 

and cleanup screening levels (CSL).  The SQS represents the concentration below, which no adverse 

affects should occur.  The CSL represents the concentration above which more than minor adverse affects 

may occur.  SQS and CSL have not been developed for TBT, so Site-specific cleanup levels were 

developed with the review and concurrence of Ecology. 

Sediment quality exceedances were identified only in surface sediment samples and sediment 

core samples collected from 0.1 to 4 ft below the mudline.  TBT and mercury were determined to be the 

most common constituents of concern in Site sediment.  Bulk TBT concentrations tended to decrease 

from surface to subsurface sediment, indicating TBT was a more recent contaminant.  Mercury 

concentrations tended to increase from surface to subsurface sediment, indicating mercury was an 

historical contaminant.  Other sediment quality exceedances at the Site, excluding the organic and 

inorganic exceedances in the marine railway area, consist of copper, bis(2-ethylhexyl)phthalate (BEP), 

and fluoranthene.   

Marine railway well exceedances included metals (arsenic, cadmium, copper, lead, mercury, zinc, 

and bulk TBT), numerous low and high molecular weight polycyclic aromatic hydrocarbons (PAHs), 

BEP, dibenzofuran, and n-nitrosodiphenylamine.  The concentrations of gas-, diesel-, and oil-range total 

petroleum hydrocarbons (TPH) were also elevated in the railway sample. 
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Based on the distribution of Site sediment contamination, as generally indicated on Figure 4, the 

marine railway well area appeared to be the primary source of sediment contamination.  To a lesser 

extent, the 35-ton travel lift area may have also contributed to sediment contamination in the past.  

Available data did not suggest that the existing storm drain outfalls were a significant source of Site 

sediment contamination. 

 

2.5 INTERIM ACTION CLEANUP LEVELS 

The primary constituents of concern were TBT and mercury.  Other hazardous substances that 

exceeded the SQS, excluding the numerous organic and inorganic exceedances in the railway sample, 

consist of copper, BEP and fluoranthene.  The SQS, and the Site-specific TBT no-effects cleanup level 

(79 µg/kg), were the sediment cleanup levels used for the interim action.  The interim action sediment 

cleanup levels for the constituents of concern are presented in Table 1.   
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3.0 SUMMARY OF INTERIM ACTION CONSTRUCTION ACTIVITIES 

This section presents a summary of the interim action construction activities performed by the 

Port’s selected contractor, American Construction Company of Everett, Washington and its 

subcontractors.  A summary of construction monitoring and oversight activities conducted by the Port and 

its independent quality assurance team is also included in this section. 

A half-size set of the interim action construction drawings is included in Appendix A.  Record 

drawings documenting as-constructed conditions for the sediment remediation and marine habitat bench 

components of the interim action are presented in Appendix B.  Selected construction photographs are 

included in Appendix C.  Field reports, record drawings, submittals, photographs, and notes documenting 

the work are being maintained by the Port and its subconsultants in accordance with the Agreed Order 

requirements. 

 

3.1 PURPOSE OF THE INTERIM ACTION 

The purpose of the interim action was to remediate contaminated sediment affected by the 

activities of the prior Site tenant, Weldcraft Steel and Marine.  The sediment remediation activities were 

conducted in conjunction with redevelopment of the boatyard facility for use by Seaview North Boatyard.  

The interim action and redevelopment activities were conducted in accordance with the Interim Action 

Work Plan and consistent with the goals of the Bellingham Bay Comprehensive Strategy, including 

cleanup of a high priority contaminated sediment site and construction of a high priority habitat 

restoration site identified in the FEIS (Anchor Environmental 2000) developed under the Bay-wide 

Demonstration Pilot.  Additionally, the interim action and redevelopment activities removed or isolated a 

significant amount of creosoted timbers and piling from the marine environment, consistent with the goals 

of the Whatcom County Marine Creosoted Piling Remediation Program (Ecology 2002). 

The interim action consisted of the following four major in-water construction elements: 

Removal of the marine railway structure to facilitate dredging of contaminated sediments 

Installation of a new steel sheetpile bulkhead in front of the Segment B timber bulkhead 
where contaminated sediments were removed  

Sediment dredging to remove contaminated sediment above the SQS, and 

Construction of new marine habitat bench along the Squalicum Outer Harbor breakwater to 
address habitat losses associated with post-construction dredge depths and the location of the 
new bulkhead. 
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In conjunction with these interim action activities, the following Site redevelopment activities 

were implemented: 

Construction of a 150-ton travel lift pier to replace the marine railway 

Additional sediment dredging to attain adequate vessel drafts (at least Elevation -10 ft 
MLLW) in the vicinity of the new 150-ton travel lift 

Installation of a new cantilevered steel sheetpile bulkhead in front of the Segment A timber 
bulkhead 

Repair of the Segment C timber bulkhead along the north shoreline  

Repair/replacement of damaged timber piles associated with the Segment C wharf and timber 
bulkhead and the north travel lift float, and 

Repair/replacement of selected structural elements of the Segment C wharf. 

 

3.2 COMPLIANCE MONITORING 

In accordance with MTCA requirements in WAC 173-340-410, the project Compliance 

Monitoring Plan (Landau Associates 2003b) was developed for the interim action activities and was 

included as Appendix C to the Interim Action Work Plan.  Compliance monitoring activities for the 

project included: 

Protection monitoring to confirm that human health and the environment were adequately 
protected during interim action construction  

Performance monitoring to confirm that the interim action attained the sediment cleanup 
standards established for the project and other performance standards (such as construction 
quality control monitoring necessary to demonstrate compliance with project permits), and 

Confirmational monitoring to confirm the long-term effectiveness of the interim action once 
the cleanup standards and other performance standards were attained. 

3.2.1 HEALTH AND SAFETY 

The Site-specific Health and Safety Plan used by Landau Associates and certain Port personnel 

was included as Exhibit C of the project contract documents.  American Construction prepared and 

implemented its own Site Health and Safety Plan for the project. 
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3.2.2 SURFACE WATER QUALITY MONITORING 

Surface water quality monitoring was performed by both Landau Associates and Port personnel 

in accordance with the Compliance Monitoring Plan and the Water Quality Certification/Modification 

Order and First Amendment issued by Ecology.   

Background water quality monitoring was conducted on September 10, 2003 prior to the start of 

in-water construction activities.  The two background locations selected for the project (sample sites A 

and F) were located near the entrances to Squalicum Outer Harbor, as shown on the sketch in 

Appendix D.  The results of the water quality monitoring conducted during the interim action, as 

previously reported to Ecology, are also included in Appendix D. 

 

3.2.3 SEDIMENT PERFORMANCE MONITORING 

The results of sediment quality monitoring performed in conjunction with the interim action 

sediment dredging and excavation activities are discussed in Section 4.0. 

 

3.3 CONSTRUCTION QUALITY ASSURANCE/QUALITY CONTROL 

This section summarizes the overall construction quality assurance/quality control (QA/QC) 

activities and the construction coordination process used during the work.   Representatives from the Port, 

Landau Associates, and Geiger Engineers had primary responsibility for overall construction QA 

activities.  American Construction had primary responsibility for QC of their contracted work.  Ecology 

representatives also conducted periodic Site visits, review of selected submittals, and participated in 

progress meetings during project implementation.  

Construction QA activities were conducted in general accordance with the construction quality 

assurance plan (CQA Plan), included as Exhibit D to the project contract documents (Port of Bellingham 

2003), for the purpose of verifying and documenting that the work was performed in general conformance 

with the project plans, technical specifications, and construction drawings. 

American Construction and their subcontractors were responsible for overall planning and QC of 

their contracted work.  They were responsible for verifying that materials supplied for the work were 

properly produced or fabricated in compliance with design requirements, monitoring their construction 

activities, performing necessary testing/sampling/surveying activities, and documenting their work. 

American Construction and their subcontractors provided a variety of submittals, shop drawings, 

construction plans, and material samples and certifications as required by the contract documents.  The 

Port and its representatives reviewed these submittals for overall compliance with the construction 
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drawings and technical specifications.  If a submittal was not sufficient or did not represent materials or 

procedures that complied with the work requirements or the overall intent of the design, American 

Construction was notified verbally or by written submittal review form.  The Port and its representatives 

also responded to written requests for information and coordinated with American Construction personnel 

on a frequent basis to respond to verbal questions and comments.  The submittal review process and 

coordination between the Port and American Construction personnel was considered successful in 

correcting deficiencies in proposed materials or procedures prior to installation or implementation in the 

field, as well as for adjusting construction methods and sequences when needed to account for Site 

constraints and conditions encountered during performance of the work.   

 

3.4 INTERIM ACTION CONSTRUCTION SUMMARY 

American Construction conducted the in-water work during the agency-approved construction 

window from September 1, 2003 to March 1, 2004.  Due to scheduling concerns, the Port requested an 

extension of the originally approved date for completion of in-water work activities, and the USACE 

modified the Section 404 Individual Permit on February 13, 2004 to extend the in-water construction 

period from February 15 to March 1, 2004. 

The in-water and over-water construction and Site redevelopment activities are described in more 

detail in the following sections.   

 

3.4.1 MARINE RAILWAY DEMOLITION/REMOVAL 

The primary purpose for removal of the marine railway was to provide access for dredging of 

underlying sediment and allow construction of the new 150-ton travel lift finger piers along the railway 

alignment.  American Construction demolished and removed most of the marine railway structure, the 

adjacent mooring piles, and the Segment C wharf fender piles during the period from September 23 to 25, 

2003.  A barge-mounted mechanical clamshell was used to pull the creosote-treated timber piles, pile 

caps, and stringers and offload the debris onto an adjacent flat-deck materials barge.  The demolition 

debris was then cut to appropriate lengths and transported for disposal at Rabanco’s Roosevelt Regional 

Landfill in Goldendale, Washington.  The steel components of the marine railway platform and the steel 

rails were salvaged or recycled.   

American Construction deployed a silt curtain around the work area, and water quality 

monitoring was conducted by the Port and Landau Associates to confirm that removal of the marine 

railway did not cause an exceedence of the project water quality criteria.  The results of the water quality 

monitoring during removal of the marine railway structure are included in Appendix D.   
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3.4.2 SEDIMENT REMOVAL, DISPOSAL, AND BACKFILLING 

Contaminated sediment removal areas included the designated area west of the new sheetpile 

bulkhead and the entire marine railway well area east of the new sheetpile bulkhead, as indicated on 

Figure 4.  The planned sediment dredging depths shown on Figure 5 and Drawing C-2 in Appendix A 

were developed to remove the upper 4 ft of sediment within the identified zone of contamination, to the 

extent practicable given existing Site constraints, as well as to attain adequate vessel drafts (at least 

Elevation -10 ft MLLW) in the vicinity of the new 150-ton travel lift.  The new Segment B sheetpile 

bulkhead was installed prior to dredging in front of, and excavating behind, the bulkhead to avoid 

undercutting and destabilizing the existing timber bulkhead.  A total of 6,983 yd3 of sediment was 

removed from the Site and disposed at Rabanco’s Roosevelt Regional Landfill. 

 

3.4.2.1 Marine Area Dredging 

Sediment dredging in the marine area was conducted by American Construction during the period 

between December 24, 2003 and February 5, 2004 to remove contaminated sediment and to achieve 

minimum vessel draft requirements for access to the new travel lift.  Sediment dredging was conducted 

using barge-mounted mechanical clamshell dredge equipment, with the dredged material placed on an 

adjacent barge.  Due to the lack of a sufficient number of flat deck barges, American Construction 

alternately loaded one flat deck barge and one closed bottom dump barge for transportation to the offsite 

sediment offloading facility.  Free water released from sediment placed on the flat deck barge was 

allowed to drain back to surface water in the work area, with geotextile filter material placed along the 

side boards of the barge to limit loss of material and control turbidity.  Free water released from sediment 

placed in the closed bottom dump barge was mixed and offloaded with the dredged materials.  

The design sediment dredging contours are shown on Figure 5; however, based on the results of 

initial sediment performance monitoring conducted on January 28, 2004, the Port directed the contractor 

to dredge additional sediment in the area directly in front of the bulkhead constructed across the former 

marine railway well.  This additional dredging was conducted on February 5, 2004 over an area 

approximately 60 ft wide and approximately 65 to 73 ft out from the sheetpile bulkhead, and down to 

approximately Elevation -12 ft MLLW instead of the original design dredge cuts of Elevation -10 ft to -11 

ft MLLW in this area. 

To avoid adverse undercutting of the slope under the Segment C wharf and in the adjacent 

unshaded intertidal area, the toe of the dredge cut was offset approximately 12 to 13 ft south to allow the 

cutslope to daylight near the southern the edge of the wharf, as indicated on Figures 4 and 5.  Following 
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sediment dredging in this area, the contractor’s progress survey (at Section X_000) showed that some 

slope material under the Segment C wharf had sloughed into the excavation.  This area was subsequently 

redredged to full depth, but slope material continued sloughing into the excavation, as indicated on the 

final progress survey (see Appendix B).  As agreed by Ecology, this slough material was left in place 

pending additional sediment performance monitoring.  A sample (SPM-12) was collected along the 

Segment C wharf and analyzed to characterize the slough material (see Section 4.0).  

American Construction deployed a silt curtain around most of the marine dredging work areas, 

and water quality monitoring was conducted by the Port and Landau Associates to confirm that sediment 

dredging activities did not cause an exceedence of the project water quality criteria.  The results of the 

water quality monitoring during marine sediment dredging are included in Appendix D.   

American Construction’s surveying subcontractor, CRA-NW Survey Services, performed 

periodic bathymetric progress surveys to confirm that marine dredging achieved the design dredge depths.  

These data were reviewed by the Port and Landau Associates as part of construction QA activities.  The 

final progress survey data is included in Appendix B.  Based on the survey data, 6,536 yd3 of sediment 

was removed from the marine dredging area, including overdredge material and 288 yd3 of additional 

dredging that occurred in the area in front of the former marine railway well.  This volume is consistent 

with the design dredge prism with a typical 6-inch overdredge. 

 

3.4.2.2 Marine Sediment Offloading and Disposal 

American Construction initially planned to transport the barges of sediment to Hazco’s Ecowaste 

landfill in Richmond, Canada, which had been identified as one of the three pre-approved upland disposal 

sites.  Hazco subsequently proposed to dispose of the sediments at the Mount Waddington Regional 

District landfill (the 7-Mile Landfill) near Port McNeil on Vancouver Island, but could not provide 

documentation regarding the adequacy of the landfill for disposal of the dredged material.  This, 

combined with a significant increase in proposed disposal costs due to a stronger Canadian dollar, left the 

project needing another disposal alternative.  American Construction subsequently proposed to transport 

the barges of sediment to an offsite location in Seattle and/or Everett for offloading and disposal at 

Rabanco’s Roosevelt Regional Landfill in Goldendale, Washington.  The Port and Landau Associates 

coordinated with USACE and Ecology representatives, and on January 5, 2004 received concurrence 

from the USACE that no modification to the Section 404 individual permit was necessary for this minor 

modification.  

American Construction ultimately decided to offload the majority of the sediment at the Alaska 

Logistics site pier located along the Duwamish River at 6365 1st Avenue South in Seattle.  As directed by 
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the Port and Ecology, Landau Associates’ personnel made periodic visits to the offloading facility to 

observe that American Construction and its subcontractors used sufficient environmental controls (e.g., 

synthetic liners, straw bales, etc.) to contain and collect minor spillage during the material transfer 

operations.  A land-based crane with a mechanical clamshell bucket was used to transfer the dredged 

material from the barges to trucks which transported the material to Rabanco’s 4th and Lander Street 

transfer station in Seattle for subsequent disposal at Rabanco’s Roosevelt Regional Landfill.  Once 

unloaded, the barges were returned to the Site and refilled.  The sediment offloading activities occurred 

during the period from January 8 to about January 29, 2004.  The haul trucks were decontaminated at 

Rabanco’s transfer station, and the synthetic liner materials, the wood decking on the concrete pier, and 

some potentially contaminated soil at the end of the pier were removed and trucked to the transfer station 

for disposal at the landfill.  The clamshell bucket used for sediment offloading and the barges were 

eventually decontaminated by removing any residual material at the offloading facility, followed by a 

final cleanout at the Site. 

The last barge of sediment, containing the 288 yd3 of additional material that was dredged in the 

area in front of the former marine railway well on February 5, 2004, remained covered at the Site until it 

was transported to a pier at American Construction’s south yard facility at the Port of Everett in late April 

2004.  The sediment offloading activities occurred on April 27 and 28, 2004, using a barge-mounted 

crane with a mechanical clamshell bucket to transfer the relatively dry dredged sediment to trucks which 

transported the material to Rabanco’s 4th and Lander St. transfer station in Seattle for subsequent disposal 

at Rabanco’s Roosevelt Regional Landfill.  As with the Seattle offloading facility, Landau Associates’ 

personnel made periodic visits to confirm that American Construction used sufficient environmental 

controls (e.g., synthetic liners, etc.) to contain and collect minor spillage during the material transfer 

operations.  The haul trucks were decontaminated at Rabanco’s transfer station, and the synthetic liner 

materials and some potentially contaminated soil at the end of the pier were removed and trucked to the 

transfer station for disposal at the landfill.  The clamshell bucket and barge were decontaminated at 

American Construction’s facility. 

 

3.4.2.3 Marine Area Backfilling 

Marine areas of the Site that were dredged to below Elevation -13 ft MLLW were backfilled up to 

approximately Elevation -13 ft MLLW with clean imported gravelly sand backfill material, which 

contained about 17 percent fine gravel and about 83 percent fine to coarse sand.  Marine area backfilling 

activities were conducted on February 4 and 5, 2004.  The sand backfill was delivered to the Site by barge 

and placed with a clamshell bucket.  Based on CRA-NW survey data, 1,139 yd3 of sand backfill was 
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placed in the designated marine areas, with backfill thicknesses ranging from approximately 0.5 to 4 ft.  

The sediment backfill areas and post-interim action bathymetry are indicated on Figure 6, and on the plan 

and profile record drawings in Appendix B.  

 

3.4.2.4 Marine Railway Well Excavation and Backfilling 

Sediment excavation within the marine railway well was conducted by American Construction 

and its subcontractors during the nights of January 20 to 21, 2004 in order to conduct the minimum 4-ft 

deep excavation “in the dry” during low tide, to the extent practicable.  Land-based earthwork equipment 

was used to excavate sediment and remove debris (including creosote-treated piles that supported the 

former railway structure) located within the marine railway well, starting at the new bulkhead and 

proceeding in an upland direction.  The material was loaded directly into trucks which transported the 

material to Rabanco’s 4th and Lander Street transfer station in Seattle for subsequent disposal at 

Rabanco’s Roosevelt Regional Landfill.  Based on CRA-NW survey data, 447 yd3 of sediment and debris 

was removed from the marine railway well.   

Due to concerns for undercutting and destabilizing the sidewalls of the railway well, quarry spalls 

and some overlying structural fill was placed in portions of the excavation directly after removal of the 

contaminated sediment.  This was possible because, with Ecology concurrence, two test pits had been 

excavated below the base of the railway well on January 15, 2004 to determine if the planned 4-ft cut 

depth would be sufficient to remove the contaminated sediment in the well.  Sediment performance 

samples SPM-7 and SPM-11 were collected at a depth of 4-ft in the two test pits and analyzed to 

determine if material left at that depth would achieve the sediment cleanup action levels (see Section 4.0).  

Onsite observations were made by Port and Landau Associates personnel during excavation of the railway 

well to confirm that the minimum cut depth was achieved and that additional sediment that was cross-

contaminated during material excavation and handling was removed for disposal. 

Note that a flat-top fiberglass tank (approximately 4-ft wide by 6-ft long by 2-ft deep) was 

encountered in the upper/eastern portion of the marine railway well in October 2003 following removal of 

some of the railway stringers and pile caps.  Sampling and analysis of the water and sediment in the tank 

was conducted by Landau Associates to help guide decisions regarding handling and disposal of the tank 

contents.  The sampling results, which were previously reported to Ecology, confirmed that the tank 

sediment could be managed as a solid waste and that the water in the tank could be disposed along with 

the sediment removed from the railway well.  This fiberglass tank was removed during excavation of the 

sediment and debris in marine railway well. 



 

8/18/06  \\Edmdata\projects\001\027\FileRm\R\261-Interim Action Rpt\Final\IA Completion_rpt .doc LANDAU ASSOCIATES 
 

 3-9 

Following installation of the deadman anchors and associated tieback rods, the remainder of the 

area behind the new sheetpile bulkhead was backfilled with structural fill up to about Elevation 14 ft 

MLLW and subsequently graded and paved with asphalt concrete to support wheel loads associated with 

the new 150-ton travel lift hoist.   

 

3.4.3 BULKHEAD REPLACEMENT 

Approximately 368 feet of new galvanized-steel sheetpile bulkhead was installed about 3 ft in 

front of (i.e., waterward of) the existing creosote-treated timber pile and lagging bulkhead along the east 

shoreline. Segment A is within the Site boundary and is approximately 144 ft long and Segment B is 

south of the Site boundary and is approximately 222 ft long.  This bulkhead replacement work was 

conducted both to facilitate sediment dredging and as part of the Port’s Site redevelopment.   

The steel sheetpile sections were driven to design depth with a vibratory hammer mounted on a 

barge-based crane.  The alignment of the new sheetpile bulkhead was modified slightly by American 

Construction to avoid certain conflicts with existing facilities along the shoreline, but the new bulkhead 

was installed as generally indicated on Figure 7 and as detailed on Drawings S1.0 through S1.3 in 

Appendix A.   

The new Segment B sheetpile bulkhead along the east side of the dredge area closed off the 

former marine railway well and utilized deadman anchors in the railway well area and helical tieback 

anchors along the remaining portions to stabilize the bulkhead structure.  A.B. Chance® helical tieback 

anchors were installed by American Construction’s subcontractor, Davis Construction Services, Inc., 

prior to installation of the sheet piling.  This activity involved cutting holes in the timber lagging and 

using a land-based, backhoe-mounted hydraulic torque motor to screw the helical anchors into the fill and 

native materials behind the existing bulkhead.  Due to the presence of debris and a previously unknown 

wooden bulkhead segment encountered behind the existing timber bulkhead, considerable caving of 

existing backfill and soil occurred behind the existing bulkhead, which resulted in the need to remove the 

existing bioswale and additional fill behind the bulkhead.  These areas were eventually backfilled with 

structural fill material and the bioswale was reconstructed as part of Site restoration activities. 

The new Segment A sheetpile bulkhead was a cantilevered structure that tied into the existing 

steel sheetpile bulkhead near the Bellingham Yacht Club building.   

The existing Segment A and B timber bulkheads were left in place behind the new steel sheetpile 

bulkhead segments.  The space between the existing and new bulkheads was backfilled with imported, 

free flowing gravel fill material up to about 2- to 3-ft below existing upland Site grades.  Following 

installation of a geotextile separation layer, the upper portion between the walls was backfilled with 
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topsoil and planted with various shrubs; however, in the areas near the two travel lifts that were 

eventually paved, this upper portion was backfilled with structural fill and crushed rock. 

 

3.4.4 NEW 150-TON TRAVEL LIFT INSTALLATION  

Following removal of the marine railway and marine sediment dredging activities, the finger piers 

associated with the new 150-ton travel lift were installed as generally indicated on Figure 7 and as 

detailed on Drawings S2.0 through S2.2 in Appendix A.  Each concrete finger pier is approximately 6 ft 

wide and 145 ft long, with an average 105-ft length extending out beyond the alignment of the new 

bulkhead, and each finger pier has a 2.5-ft wide open-grated walkway and a handrail attached to the outer 

edge of the pier.   

The two finger piers are supported by 26 2-ft diameter, open-ended, galvanized steel pipe piles 

driven with pile driving hammers and leads mounted on a barge-based crane.  All the vertical and battered 

piles were installed with a vibratory hammer, except that the last 10 feet of the vertical piles were driven 

with an impact hammer to help confirm that adequate pile capacities had been obtained.  In accordance 

with project permit requirements, the steel piles installed with an impact hammer were surrounded with 

an air bubble curtain system to mitigate the potential adverse effect of pile driving on fish that may have 

been in the work area. 

 

3.4.5 SEGMENT C BULKHEAD REPAIRS 

The portion of the timber bulkhead located under the Segment C wharf that received lagging 

repair is shown on Figure 7.  The repairs consisted of installing vertical metal channels along the existing 

piles and attaching ammoniacal copper zinc arsenate (ACZA)-treated wood lagging between the channels, 

waterward of the existing lagging.  The nominal 4-inch space between the old and new lagging was 

backfilled with clean, imported granular fill material.  These repairs are detailed on Drawing S3.0 in 

Appendix A. 

The Segment C timber bulkhead also contained two timber piles (Nos. 79 and 85) with less than 

90 percent remaining cross sectional area that were repaired by removing the wharf decking near each 

damaged pile, using pile driving equipment to install galvanized steel H-piles on both sides of each 

damaged pile, and installing a galvanized channel to secure these H-piles to the existing tieback rod.  This 

timber bulkhead pile repair is detailed on Drawing S3.0 in Appendix A. 
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• 

• 

• 

3.4.6 TIMBER PILE REMOVAL, REPLACEMENT, AND REPAIRS 

Based on previous underwater pile condition surveys performed for the Port in 2002, certain 

timber piles at the Site with less than 90 percent remaining cross sectional area were replaced with driven 

ACZA-treated timber piles, including: 

Six piles under the Segment C wharf  

All 16 fender piles along the south side of the Segment C wharf 

All 15 piles supporting the north travel lift float (only 5 were damaged, but all were replaced 
after temporary relocation of the float during sediment dredging activities). 

Certain timber piles no longer in use were pulled out of the sediment or cut off below the final 

mudline elevation.  These include piles supporting the marine railway, certain mooring piles, and various 

derelict pile stubs located adjacent to the Segment C bulkhead.  Piles or pile segments that were removed 

were cut to appropriate lengths and transported for disposal at Rabanco’s Roosevelt Regional Landfill. 

 

3.4.7 SEGMENT C WHARF REPAIRS 

In addition to the pile repair/replacement activities discussed above, certain structural repairs 

were made to the existing Segment C wharf as part of Site redevelopment.  The wharf rehabilitation 

activities, as detailed on Drawings S3.0 and S3.1 in Appendix A, included repair/replacement of selected 

timber pile caps, stringers, decking, chocks, bull railing, and timber cross bracing.   

 

3.4.8 MARINE HABITAT BENCH CONSTRUCTION 

Various in-water dredging and filling activities at the Site were estimated to result in the loss of 

about 0.18 acre of intertidal habitat (above Elevation -4 ft MLLW) and about 0.23 acre of shallow 

subtidal habitat (between Elevation -4 ft and -10 ft MLLW), and an increase of about 0.46 acre of deep 

subtidal habitat (below Elevation -10 ft MLLW).  In accordance with the project permit requirements, 

these impacts were mitigated by construction of a new marine habitat bench along the west (seaward) side 

of the Squalicum Outer Harbor federal breakwater, which is consistent with the habitat restoration goals 

and objectives of the Comprehensive Strategy for Bellingham Bay.  The selected habitat restoration site 

was one of the high priority habitat action sites identified in the FEIS (Anchor Environmental 2000), and 

was constructed to provide significant habitat restoration in addition to compensatory mitigation.   

The general location and configuration of the new marine habitat bench is shown on Figures 2 

and 8.  The goal of the marine habitat bench construction was to initially create a minimum of 2 acres of 
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shallow subtidal habitat above Elevation -10 ft MLLW, including a minimum of 1 acre of habitat between 

Elevation -4 and -6 ft MLLW.  Construction of this new habitat bench resulted in at least a 2:1 

compensation ratio to address project impacts, plus additional habitat to concurrently fulfill enhancement 

and restoration objectives and ensure maintenance of compensatory habitat over time.  The physical 

success criteria for the marine habitat bench is that, after 5 years, a minimum of 1 acre of shallow subtidal 

habitat above Elevation -10 ft MLLW is maintained, including a minimum of 0.5 acres of habitat above 

Elevation -6 ft MLLW. 

Construction of the marine habitat bench was the result of a collaborative effort between the 

USACE and the Port, and included beneficial use of maintenance dredge material from the nearby 

Squalicum Creek Waterway as habitat bench fill material.  Only sediment from Squalicum Creek 

Waterway dredge material management units (DMMUs) that exhibited chemical concentrations below the 

SQS was used as habitat bench fill material.  Based on data available from the Puget Sound Dredge 

Disposal Analysis (PSSDA) sediment characterization report (Striplin Environmental 2000) and other 

construction considerations, it was decided to use only dredged material from DMMUs C5 through C11 

for marine habitat bench construction.  The majority of this dredged material was fine-grained silt to 

clayey silt with greater than about 90 percent material passing the U.S. No. 200 sieve.  This material was 

considered highly desirable for habitat bench construction because the fine-grained material and organic 

content is expected to provide excellent colonization potential for aquatic invertebrates and eelgrass.  

The USACE’s maintenance dredging contractor, Manson Construction, used clamshell dredge 

equipment and bottom dump barges to load, transfer, and place the dredged material at the designated 

location along the federal breakwater during early January 2004.  Manson Construction’s survey boat and 

crew monitored habitat bench fill placement activities, and data from marine surveys conducted on 

January 15, 22, and 23, 2004 were used to create the as-constructed habitat bench contour plan shown on 

Figure 8.  This figure shows that the habitat bench was constructed larger than the initial construction 

goals.  It is estimated that approximately 39,000 yd3 of dredged material was placed during habitat bench 

construction (as compared to the original estimate of about 30,000 to 35,000 yd3).  Based on the January 

2004 survey data, about 4.5 acres of shallow subtidal habitat above Elevation -10 ft MLLW was created 

(as compared to the initial goal of at least 2 acres), about 2.3 acres of habitat above Elevation -6 ft MLLW 

was created (as compared to the initial goal of at least 1 acre between Elevation -4 and -6 ft MLLW), and 

about 0.55 acres of habitat above Elevation -4 ft MLLW was created.  Future bathymetric surveys of the 

marine habitat bench in years 1, 2, 3, 5, and 10 will be used to document the stability of the habitat bench 

over time. 
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Because of the fine-grained nature of the dredged material, turbidity levels generated during 

habitat bench fill placement were anticipated to be greater than turbidity levels resulting from Gate 2 

Boatyard marine dredging or backfilling activities.  Surface water quality monitoring was performed by 

both Landau Associates and Port personnel to confirm that habitat bench construction did not cause an 

exceedence of the project water quality criteria.  This monitoring was conducted in general accordance 

with the Compliance Monitoring Plan, the Water Quality Certification/Modification Order and First 

Amendment issued by Ecology for the Gate 2 Boatyard project, and the Water Quality 

Certification/Modification Order issued by Ecology for maintenance dredging of the Squalicum Creek 

Waterway.  The results of the water quality monitoring conducted during construction of the marine 

habitat bench, as previously reported to Ecology, are included in Appendix D. 
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4.0 SEDIMENT QUALITY MONITORING 

Sediment quality monitoring associated with the interim action sediment remediation addressed 

two objectives: 1) evaluation of the interim action in meeting cleanup standards; and 2) confirmation of 

the long-term effectiveness of the sediment cleanup action.   

Sediment monitoring was accomplished in two main phases.  The initial phase was performed in 

January 2004 and included sampling from 2 test pits excavated in the marine railway well (see 

Section 3.4.2.4), surface sediment sampling following completion of the planned sediment dredging 

activities, and sampling of the slough material along the Segment C wharf (see Section 3.4.2.1).  Based 

on the results of the initial phase of sediment monitoring, additional sediment dredging was conducted in 

February 2004 and additional sediment confirmational monitoring, based on collection of sediment cores, 

was performed in July 2004. 

The remainder of this section consists of summaries of the initial and additional sediment 

monitoring approaches, the results of the sediment monitoring activities, and comparison of the laboratory 

results for the initial and additional monitoring activities to the interim action cleanup levels. 

 

4.1 INITIAL SEDIMENT PERFORMANCE MONITORING 

Initial sediment performance monitoring was conducted in accordance with the project Sampling 

and Analysis Plan (SAP; Landau Associates 2003c) to evaluate sediment quality as compared to cleanup 

standards at locations where contaminated sediments were dredged, as well as at selected locations 

adjacent to the dredged area.  The sampling locations were selected to provide adequate spatial coverage 

within this area.  The initial performance monitoring samples were collected in January 2004 prior to 

initiation of marine area backfilling activities.  

Sediment quality sampling and analysis activities are summarized in Table 2 and consisted of 

collection of surface sediment from 7 locations within the sediment removal area (SPM-1, SPM-2, 

SPM-3, SPM-4, SPM-5, SPM-6, and SPM-12), 3 locations outside the sediment removal area (SPM-8, 

SPM-9, and SPM-10), and two locations from within the marine railway well excavation area (SPM-7 

and SPM-11).  These sediment performance monitoring locations are shown on Figure 9.  Samples were 

collected from the surface (0 to 12 cm interval) of the existing sediment for all monitoring locations 

except at locations SPM-7 and SPM-11, where the samples were collected from the lower portion of the 

sidewalls of 2 test pits advanced below the planned 4-ft sediment excavation depth within the marine 

railway well. 
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In accordance with the Compliance Monitoring Plan [(Landau Associates 2003b), included as 

Appendix C of the Final Interim Action Work Plan], the samples were analyzed for analytes and 

conventional parameters in accordance with the PSEP guidelines (PSEP 1997a,b,c) and protocols required 

by the Washington State Sediment Management Standards (SMS; WAC 173-204) (Ecology 1995).  These 

analyses include semivolatile organic compounds (SVOCs) identified on the SMS list of chemical 

parameters; SMS metals (arsenic, cadmium, chromium, copper, lead, mercury, silver, and zinc); bulk 

organotins [including tributyltin ion (TBT)]; and total organic carbon (TOC) (see Table 2).  The samples 

from the marine railway well area also underwent analysis for TPH using methods NWTPH-Gx and 

NWTPH-Dx.  The analytical results were used to evaluate whether the cleanup levels were met in and 

adjacent to the dredged area.  The chemical testing results of these samples provided a basis for 

evaluating whether additional dredging or monitoring was appropriate for a particular location. 

Subsequent to receipt of analytical results from the initial phase of sediment sampling and 

discussions with Ecology personnel, marine area backfilling activities were performed by American 

Construction in the portions of the dredged area where sediment was removed below Elevation -13 ft 

MLLW (e.g., at sample locations SPM-1 and SPM-2).  Backfilling brought the mudline elevations back to 

approximately Elevation -13 ft MLLW in these areas, as shown on Figure 6 and on the record drawings in 

Appendix B. 

 

4.2 ADDITIONAL SEDIMENT CONFIRMATION MONITORING 

Based on the results of the initial round of sediment performance monitoring and discussions with 

Ecology personnel, a plan for additional sediment confirmational sampling and analysis was prepared 

(Landau Associates 2004), approved by Ecology, and implemented in July 2004.  The purpose of the 

additional sampling was to evaluate whether the contamination detected within the dredge prism during 

the initial round of monitoring was a thin layer of redistributed contamination associated with dredging 

activities, or indicative of more vertically extensive contamination.  An additional goal of the 

supplementary sampling was to evaluate whether the additional dredging conducted in front of the former 

marine railway well subsequent to the initial round of sediment sampling achieved cleanup levels in the 

vicinity of the new travel lift piers.  These supplementary samples were collected at locations where the 

surface sediment samples collected in January 2004 exceeded one or more of the interim action cleanup 

levels.  Sampling consisted of collection of five 7-ft long confirmational core samples at locations  

SPM-2A through SPM-6A, as shown on Figure 9.  Sample locations SPM-3A and SPM-5A were located 

in the area where additional dredging had occurred subsequent to the initial round of monitoring, although 
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the locations had to be moved slightly because the new 150-ton travel lift piers were installed during the 

intervening period between the two sampling events.   

Subsamples were collected from each core from the following intervals (based on zero being the 

top of the post-dredging surface or the base of the sand backfill): 0 to 4 inches (0 to 10 cm), 12 to 16 

inches, and 24 to 28 inches.  Backfill material, if present, was not sampled. 

The additional sediment samples were analyzed for mercury.  Samples collected from SPM-3 and 

SPM-5 were also analyzed for TBT, as those were locations where elevated levels of TBT had been 

detected during the initial sampling round.   

 

4.3 SEDIMENT QUALITY MONITORING RESULTS 

This section presents the sediment quality monitoring results, including field methods, laboratory 

analysis, and comparison to the interim action cleanup levels. 

 

4.3.1 FIELD METHODS 

4.3.1.1 Sample Acquisition 

Marine area surface sediment samples (SPM-1 through SPM-6, SPM-8 through SPM-10, and 

SPM-12) were collected in general accordance with the Compliance Monitoring Plan  and the SAP.  A 

total of 10 surface sediment samples (0 to 12 cm) were collected using a stainless-steel power grab.  The 

sampling locations (stations) were selected to provide adequate coverage to evaluate compliance within 

and adjacent to the planned sediment dredging area. 

As agreed by Ecology, marine railway well sediment samples SPM-7 and SPM-11 were collected 

from the lower portion of the sidewalls of 2 test pits advanced below the planned 4-ft sediment excavation 

depth within the marine railway well.  These samples were collected with hand tools on January 15, 2004 

in accordance with the SAP.   

Sediment cores were collected in general accordance with the Plan for Additional Sediment 

Confirmation Sampling (Landau Associates 2004).  A total of 10 subsurface sediment samples were 

collected and analyzed from 5 sediment core locations.  Subsurface sediment samples were collected 

using a vibracore with an aluminum core tube attached.   

Sediment sampling locations are shown on Figure 9, and the field measured mudline elevations 

and coordinates are shown in Table 3.   As indicated in Table 3, some field measured mudline elevations 

were slightly deeper than the design finish mudline; however, field measurements were collected by 

weighted line and tidally corrected, and should be considered approximate. 
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4.3.1.2 Surface and Subsurface Sediment Sample Processing  

Sediment samples were collected from the sampler (power grab, opened core, or hand tool) using 

a clean stainless-steel spoon and placed in a stainless-steel mixing bowl.  Samples were homogenized in 

the mixing bowl with a clean spoon until the material appeared uniform in color and texture.  The 

homogenized sample was placed in the appropriate sample containers and maintained in a cooler on ice 

until delivery to the analytical laboratory. 

 

4.3.1.3 Field Observations 

Surface sediment field observations (including sample location, sample date, sampler penetration 

depth, and sediment descriptions) are summarized in Table 4.  Field logs for the sediment cores are 

presented in Appendix E. 

 

4.3.2 LABORATORY ANALYSES 

Surface sediment samples from the 10 initial sampling locations within the marine dredging area 

were analyzed for the constituents identified in Table 2 to evaluate post-dredge surface sediment quality.  

The two sediment samples collected from the marine railway well area were analyzed for the constituents 

identified in Table 2.  Subsurface confirmational samples from the 5 core sampling locations were 

analyzed for the constituents that exceeded cleanup levels in the respective surface sediment samples (see 

Table 2).   

Samples were delivered in ice chests at approximately 4°C to the Analytical Resources, Inc. 

(ARI) laboratory in Tukwila, Washington which conducted the laboratory analyses.  The analytical 

laboratory data for the initial performance and additional confirmational monitoring samples are provided 

in Appendix F.  Landau Associates maintains the laboratory certificates in our project files. 

Upon receipt of the laboratory data, Landau Associates performed a data quality evaluation of the 

analytical results.  Data precision was evaluated through matrix spike duplicates and laboratory 

duplicates, and the accuracy of the data was evaluated through laboratory control samples, surrogate 

spikes, and matrix spikes.  Based on the data quality evaluation, all of the data were determined to be 

acceptable with no qualifiers.  No data were rejected and the completeness for the data was 100 percent. 
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4.3.3 INITIAL PERFORMANCE MONITORING – COMPARISON TO CLEANUP LEVELS 

Table 5 presents the post-dredge surface sediment monitoring results for the Gate 2 Boatyard 

sediment remediation project.  Information presented in Table 5 includes sediment chemical testing 

results and a comparison to the Sediment Quality Standards (SQS) and the Cleanup Screening Levels 

(CSL).  Table 5 also indicates which sediment samples had constituents that exceeded the SQS or the 

CSL.  The SQS represents the concentration below which no adverse affects should occur, while the CSL 

represents the concentration above which more than minor affects may occur.   

Table 5 shows that the surface sediment samples collected from locations within the marine 

dredge area (SPM-1, SPM-2, SPM-3, SPM-4, SPM-5, SPM-6, and SPM-12) exceed the SQS or CSL for 

certain constituents.  The exceedances are summarized below: 

 

SPM-1 Mercury exceeded the CSL 

SPM-2 Mercury exceeded the CSL; zinc exceeded the SQS 

SPM-3* TBT and PAHs (acenapthylene, fluorene, and phenanthrene) exceeded the SQS 

SPM-4  Mercury exceeded the CSL; PAHs (acenaphthylene, fluorene, and phenanthrene) 
and dibenzofuran exceeded the SQS 

SPM-5* Mercury and TBT exceed the CSL; PAHs (acenaphthylene, fluorene, 
phenanthrene, 2-methylnapthalene, LPAH, and fluoranthene) and dibenzofuran 
exceeded the SQS 

SPM-6 Mercury exceeded the SQS 

SPM-12 PAHs (fluoranthene) exceeded the SQS. 

*  Note:  Sediment associated with initial samples SPM-3 and SPM-5 was subsequently removed 
by additional dredging in front of the former marine railway well.  The analytical 
results for SPM-3A and SPM-5A represent current sediment quality in this area, as 
presented in Table 6. 

The analytical results for the three surface sediment samples collected outside the dredged area to 

assess baseline conditions (SPM-8 through SPM-10) indicate that none of these samples exceed the CSL, 

as shown in Table 5.  However, SMP-8 and SPM-9 exhibited concentrations of mercury that exceeded the 

SQS.  
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4.3.4 ADDITIONAL CONFIRMATIONAL MONITORING – COMPARISON TO CLEANUP LEVELS 

Chemical testing results for the additional confirmational monitoring samples are provided in 

Table 6.  None of the sediment samples analyzed during the additional confirmational monitoring event 

exhibited exceedances of the SQS or CSL, except that mercury in SPM-4A (0-4 inches) was detected at a 

concentration above the CSL.  

 

4.4 CONCLUSIONS  

The analytical results for the initial phase of sediment monitoring completed in January 2004 

showed that surface sediment exceeded the sediment cleanup levels for some constituents of concern, 

primarily mercury.  The probable cause of these exceedances was redistribution of suspended dredged 

material during marine dredging activities.  However, the possibility that the constituents present in the 

surface sediment samples represented pre-dredge conditions that could extend to greater depth could not 

be discounted at that time because only surface samples had been collected. 

In the portion of the dredged area associated with the new travel lift pier, represented by initial 

monitoring results from sample locations SPM-3 and SPM-5, observations by the Port during dredging 

operations suggested that the exceedances in this area were likely the result of sloughing and spillage of 

sediment the contractor had not yet dredged along the outside of the adjacent sheetpile bulkhead.  As a 

result, about 290 cy of additional sediment was removed from the SPM-3 and SPM-5 area prior to the 

additional sediment confirmational monitoring.   

The results of the additional sediment confirmational monitoring activities completed in July 

2004 indicate the following: 

Because no cleanup level exceedance were detected in core samples collected below surface 
sediment, post-dredging residual contamination is confirmed as resulting from redistribution 
caused by dredging activities, and is limited to about the upper 4 inches of sediment. 

Because the additional sediment sampling at SPM-2 and SPM-6 did not reproduce the 
mercury cleanup level exceedances from the initial round of monitoring, the thin veneer of 
sediment contamination is either intermittent in coverage or natural recovery processes are 
already occurring at the Site. 

The additional dredging performed in the vicinity of the new travel lift pier (represented by 
samples SPM-3A and SPM-5A) was successful in removing contaminated sediment 
remaining in this area after the first round of dredging. 

Backfilling activities associated with the interim action have covered a large portion of the 
area where surface sediment exceedances of cleanup levels were detected. 
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The thin and intermittent nature of residual sediment contamination and relatively low levels of 

criteria exceedance (less than 2.5 times the preliminary sediment cleanup levels), in conjunction with the 

limited area over which contaminated sediment is present within the biologically active zone, suggests 

that the sediment cleanup standards may be achieved through natural recovery for the portion of Site 

sediment where exceedances remain.  This conclusion is supported by sediment data for Bellingham Bay 

that indicate that the combination of source removal, sedimentation, and bioturbation in the upper 16 cm 

(6 inches) of sediment have supported natural recovery of mercury-contaminated sediment associated 

with former releases from the Georgia Pacific Corporation chlor/alkali facility to Bellingham Bay 

(Patmont, et. al, 2004); the data for that evaluation were collected as part of the RI/FS for the Whatcom 

Waterway site, which was conducted under the Bay-wide Demonstration Pilot.   

Although the sedimentation rate at the Site is likely lower than the rate for Bellingham Bay as a 

whole because of its location within Squalicum Outer Harbor, the lower initial contaminant 

concentrations relative to the cleanup levels, and the more limited vertical and areal extent of Site 

contamination, support an approach that allows sufficient natural recovery to occur at the Site to achieve 

the sediment cleanup levels within a reasonable restoration time frame.  The adequacy of the interim 

action, and the need for any additional sediment monitoring or cleanup activities, will be evaluated during 

Site-wide RI/FS.  An approach to monitor natural recovery will be incorporated into the Site-wide RI/FS 

report (Landau Associates 2005).   
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Notes

1. Contours for elevations -4ft, -6ft, and -10ft
MLLW are shown in bold.

2. Marine habitat bench contours based on data 
provided by USACE and Manson Construction, 
using hydrographic survey data collected on 
January 15, 22, and 23, 2004.
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APPENDIX D

Pre-Interim Action Marine Sediment Analytical 
Results

 



TABLE D-1
PRE-INTERIM ACTION MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 1 of 9

Location:  
Sample ID:  RIFS-01 RIFS-01 RIFS-02 RIFS-02 RIFS-02

Depth:  (0-10cm) (0-4ft) (0-10cm) (0-4ft) (4-8ft)
Sample Date:  SQS (a) CSL (b) 9/26/2001 9/25/2001 9/26/2001 9/25/2001 9/25/2001

Metals (mg/kg)
Arsenic 57 93 7 10 11 13 6 U
Cadmium 5.1 6.7 0.6 0.3 U 0.6 0.3 U 0.3 U
Chromium 260 270 70.9 54.4 J 71.5 49.5 J 28.6
Copper 390 390 154 J 72.7 J 827 J 273 J 40.4
Lead 450 530 17 J 24 J 51 J 73 J 30
Mercury 0.41 0.59 0.26 J 0.37 J 1.17 J 1.78 J 0.19
Silver 6.1 6.1 1 0.4 U 1 0.5 U 0.4 U
Zinc 410 960 164 98.5 J 268 182 J 52.8 J

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c) 89 61 J 670 310 5.3 U
Tributyltin (as chloride) None None 100 69 J 760 350 5.9 U
Tetrabutyltin None None
Dibutyltin (as Chloride) None None
Butyltin (as Chloride) None None

Porewater Organotin (ug/L)
Tributyltin (as TBT ion) 0.15 (d) None 0.053 0.85
Tributyltin (as chloride) None None 0.06 0.96

PAHs (mg/kg OC) (e)
Naphthalene 99 170 2.71 U 2.03 U
Acenaphthylene 66 66 3.14 5.26
Acenaphthene 16 57 2.71 U 2.03 U
Fluorene 23 79 2.71 U 3.68
Phenanthrene 100 480 12.38 22.11
Anthracene 220 1200 10.00 13.95
2-Methylnaphthalene 38 64 2.71 U 2.03 U
LPAH  (f, g) 370 780 25.52 45.00

Fluoranthene 160 1200 30.48 78.95
Pyrene 1000 1400 43.81 71.05
Benzo(a)anthracene 110 270 15.24 36.84
Chrysene 110 460 28.57 73.68
Benzo(b)fluoranthene None None 23.33 65.79
Benzo(K)fluoranthene None None 23.33 47.37
Total Benzofluoranthenes (f, h) 230 450 46.67 113.16
Benzo(a)pyrene 99 210 13.33 28.95
Indeno(1,2,3-c,d)pyrene 34 88 5.24 18.68
Dibenz(a,h)anthracene 12 33 2.71 U 4.21
Benzo(g,h,i)perylene 31 78 3.19 8.42
HPAH (f, i) 960 5300 186.52 433.95

RIFS-01 RIFS-02
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TABLE D-1
PRE-INTERIM ACTION MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 2 of 9

Location:  
Sample ID:  RIFS-01 RIFS-01 RIFS-02 RIFS-02 RIFS-02

Depth:  (0-10cm) (0-4ft) (0-10cm) (0-4ft) (4-8ft)
Sample Date:  SQS (a) CSL (b) 9/26/2001 9/25/2001 9/26/2001 9/25/2001 9/25/2001

RIFS-01 RIFS-02

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3 2.71 U(j) 2.03 U
1,3-Dichlorobenzene None None 2.71 U 2.03 U
1,4-Dichlorobenzene 3.1 9 2.71 U 2.03 U
1,2,4-Trichlorobenzene 0.81 1.8 2.71 U(j) 2.03 U(j)
Hexachlorobenzene 0.38 2.3 2.71 U(j) 2.03 U(j)
Dimethylphthalate 53 53 4.76 14.21
Diethylphthalate 61 110 2.71 2.03 U
Di-n-Butylphthalate 220 1700 2.71 U 4.47
Butylbenzylphthalate 4.9 64 2.71 U 2.03 U
bis(2-Ethylhexyl)phthalate 47 78 37.14 63.16
Di-n-octyl phthalate 58 4500 2.71 U 2.03 U
Dibenzofuran 15 58 2.71 U 2.11
Hexachlorobutadiene 3.9 6.2 2.71 U 2.03 U
N-Nitrosodiphenylamine 11 11 2.71 U 2.03 U

SVOCs (ug/kg)
Phenol 420 1200 100 77 U
2-Methylphenol 63 63 57 U 77 U
4-Methylphenol 670 670 57 U 77 U
2,4-Dimethylphenol 29 29 57 U 77 U
Pentachlorophenol 360 690 280 U 390 U(j)
Benzyl Alcohol 57 73 57 U 77 U
Benzoic Acid 650 650 570 U 770 U(j)

Conventionals
Total Organic Carbon (percent) None None 2.1 3.8
Total Solids (percent) None None 45.1 39.6
N-Ammonia (mg-N/kg) None None 11 13
Sulfide (mg/kg) None None 660 720
DOC (mg/l) None None 14 13

Total PCBs (f)  (mg/kg OC) 12 65

Grain Size (%)
Gravel None None 0.7 2.5
Sand None None 3.5 15.9
Silt None None 53 47.8
Clay None None 42.6 33.8
Fines None None
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TABLE D-1
PRE-INTERIM ACTION MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 3 of 9

Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

Metals (mg/kg)
Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Silver 6.1 6.1
Zinc 410 960

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c)
Tributyltin (as chloride) None None
Tetrabutyltin None None
Dibutyltin (as Chloride) None None
Butyltin (as Chloride) None None

Porewater Organotin (ug/L)
Tributyltin (as TBT ion) 0.15 (d) None
Tributyltin (as chloride) None None

PAHs (mg/kg OC) (e)
Naphthalene 99 170
Acenaphthylene 66 66
Acenaphthene 16 57
Fluorene 23 79
Phenanthrene 100 480
Anthracene 220 1200
2-Methylnaphthalene 38 64
LPAH  (f, g) 370 780

Fluoranthene 160 1200
Pyrene 1000 1400
Benzo(a)anthracene 110 270
Chrysene 110 460
Benzo(b)fluoranthene None None
Benzo(K)fluoranthene None None
Total Benzofluoranthenes (f, h) 230 450
Benzo(a)pyrene 99 210
Indeno(1,2,3-c,d)pyrene 34 88
Dibenz(a,h)anthracene 12 33
Benzo(g,h,i)perylene 31 78
HPAH (f, i) 960 5300

SD-TL RIFS-03 RIFS-03 RIFS-03 SD-MW RIFS-04 RIFS-04 RIFS-04
(0-10cm) (0-10cm) (0-4ft) (4-8ft) (0-10cm) (0-10cm) (0-4ft) (4-8ft)
1/22/1998 9/26/2001 9/25/2001 9/25/2001 1/22/1998 9/26/2001 9/25/2001 9/25/2001

10.0 U 14 6 U 10 U 10 6 U
0.6 0.4 U 0.2 U 0.9 0.4 U 0.5

83.0 67.4 J 26.6 80 82 J 29.6
158.0 100 J 10.3 380 149 J 31.8
25.0 37 J 2 U 88 33 J 4
0.3 0.58 J 0.05 U 0.4 0.59 J 0.05
0.6 U 0.6 U 0.3 U 0.7 U 0.6 U 0.3 U

177.0 126 J 33.8 J 281 170 J 66.9 J

116.0 75 5.1 U 1,400 170 5.2 U
85 5.8 U 190 5.8 U

0.034 M 0.022 U
0.038 M 0.025 U

4.6 3.35
4.4 3.73
3.2 8.08

11.1 12.31
63.2 96.15
15.3 M 17.69
2.4 M 5.77

104.0 147.08

268.4 146.15
242.1 173.08
57.9 42.31
73.7 M 88.46

102.1 103.85
36.3 38.46
9.5 M 21.54
6.3 M 7.69

12.1 16.92
848.4 638.46

RIFS-03 RIFS-04
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TABLE D-1
PRE-INTERIM ACTION MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 4 of 9

Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3
1,3-Dichlorobenzene None None
1,4-Dichlorobenzene 3.1 9
1,2,4-Trichlorobenzene 0.81 1.8
Hexachlorobenzene 0.38 2.3
Dimethylphthalate 53 53
Diethylphthalate 61 110
Di-n-Butylphthalate 220 1700
Butylbenzylphthalate 4.9 64
bis(2-Ethylhexyl)phthalate 47 78
Di-n-octyl phthalate 58 4500
Dibenzofuran 15 58
Hexachlorobutadiene 3.9 6.2
N-Nitrosodiphenylamine 11 11

SVOCs (ug/kg)
Phenol 420 1200
2-Methylphenol 63 63
4-Methylphenol 670 670
2,4-Dimethylphenol 29 29
Pentachlorophenol 360 690
Benzyl Alcohol 57 73
Benzoic Acid 650 650

Conventionals
Total Organic Carbon (percent) None None
Total Solids (percent) None None
N-Ammonia (mg-N/kg) None None
Sulfide (mg/kg) None None
DOC (mg/l) None None

Total PCBs (f)  (mg/kg OC) 12 65

Grain Size (%)
Gravel None None
Sand None None
Silt None None
Clay None None
Fines None None

SD-TL RIFS-03 RIFS-03 RIFS-03 SD-MW RIFS-04 RIFS-04 RIFS-04
(0-10cm) (0-10cm) (0-4ft) (4-8ft) (0-10cm) (0-10cm) (0-4ft) (4-8ft)
1/22/1998 9/26/2001 9/25/2001 9/25/2001 1/22/1998 9/26/2001 9/25/2001 9/25/2001

RIFS-03 RIFS-04

1.1 U 0.73 U

1.1 U (j) 0.73 U
1.1 U (j) 0.73 U
1.1 U 0.73 U (j)
6.3 20.00
1.1 U 0.73 U
1.1 M 1.12
1.2 M 2.04

25.3 84.62
1.1 U 0.73 U
7.9 10.38
2.1 U 1.50 U
1.1 U 0.73 U

40.0 U 39 U
40.0 U 39 U
28.0 29
60.0 U (j) 58 U (j)

100.0 U 97 U
100.0 U (j) 97 U (j)
200.0 U 190 U

1.9 2.6

17 15
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TABLE D-1
PRE-INTERIM ACTION MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 5 of 9

Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

Metals (mg/kg)
Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Silver 6.1 6.1
Zinc 410 960

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c)
Tributyltin (as chloride) None None
Tetrabutyltin None None
Dibutyltin (as Chloride) None None
Butyltin (as Chloride) None None

Porewater Organotin (ug/L)
Tributyltin (as TBT ion) 0.15 (d) None
Tributyltin (as chloride) None None

PAHs (mg/kg OC) (e)
Naphthalene 99 170
Acenaphthylene 66 66
Acenaphthene 16 57
Fluorene 23 79
Phenanthrene 100 480
Anthracene 220 1200
2-Methylnaphthalene 38 64
LPAH  (f, g) 370 780

Fluoranthene 160 1200
Pyrene 1000 1400
Benzo(a)anthracene 110 270
Chrysene 110 460
Benzo(b)fluoranthene None None
Benzo(K)fluoranthene None None
Total Benzofluoranthenes (f, h) 230 450
Benzo(a)pyrene 99 210
Indeno(1,2,3-c,d)pyrene 34 88
Dibenz(a,h)anthracene 12 33
Benzo(g,h,i)perylene 31 78
HPAH (f, i) 960 5300

SD2-01 RIFS-05 RIFS-06 RIFS-07 SD-OF SD2-02 SD2-03
(0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm)

11/21/2000 9/26/2001 9/26/2001 9/26/2001 1/22/1998 11/21/2000 11/21/2000

5 U 6 U 5 U 6
0.2 U 0.2 U 0.2 U 0.2 U

39.1 22.1 37.4 37.0
60.4 63.4 33.7 64.0

10 28 7 8
0.2 0.05 U 0.1 0.2
0.3 U 0.4 0.3 U 0.3 U

73.1 60.0 60.8 65.5

120 4.7 J 9.2 M 23.00 M 11 14
5.3 J 10 M

5.9 U 5.9 U 6.0 U
27 2.2 J 5.2 J
13 J 5.9 UJ 6.0 UJ

0.022 U 0.022 U 0.022 U
0.025 U 0.025 U 0.025 U

2.0 1.13 M 2.4 1.4
2.5 0.80 U 1.1 J 1.7
2.0 1.20 M 1.6 1.6
3.9 2.33 3.1 1.9
20 4.20 9.4 20
12 1.07 M 12 4.7
2.1 2.40 M 1.9 1.4
43 12.33 29 31

57 6.00 20 55
48 4.40 22 43
23 0.93 7.1 19
38 2.13 M 12 25

46 2.13 M 13 29
17 0.80 U 4.5 8.0
9.5 0.80 U 2.5 5.0
3.1 0.80 U 1.2 U 1.6
6.7 2.00 M 2.0 3.5
248 17.60 84 188

RIFS-05 RIFS-06 RIFS-07 SD-OF SD2-02 SD2-03
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Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3
1,3-Dichlorobenzene None None
1,4-Dichlorobenzene 3.1 9
1,2,4-Trichlorobenzene 0.81 1.8
Hexachlorobenzene 0.38 2.3
Dimethylphthalate 53 53
Diethylphthalate 61 110
Di-n-Butylphthalate 220 1700
Butylbenzylphthalate 4.9 64
bis(2-Ethylhexyl)phthalate 47 78
Di-n-octyl phthalate 58 4500
Dibenzofuran 15 58
Hexachlorobutadiene 3.9 6.2
N-Nitrosodiphenylamine 11 11

SVOCs (ug/kg)
Phenol 420 1200
2-Methylphenol 63 63
4-Methylphenol 670 670
2,4-Dimethylphenol 29 29
Pentachlorophenol 360 690
Benzyl Alcohol 57 73
Benzoic Acid 650 650

Conventionals
Total Organic Carbon (percent) None None
Total Solids (percent) None None
N-Ammonia (mg-N/kg) None None
Sulfide (mg/kg) None None
DOC (mg/l) None None

Total PCBs (f)  (mg/kg OC) 12 65

Grain Size (%)
Gravel None None
Sand None None
Silt None None
Clay None None
Fines None None

SD2-01 RIFS-05 RIFS-06 RIFS-07 SD-OF SD2-02 SD2-03
(0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm) (0-10cm)

11/21/2000 9/26/2001 9/26/2001 9/26/2001 1/22/1998 11/21/2000 11/21/2000

RIFS-05 RIFS-06 RIFS-07 SD-OF SD2-02 SD2-03

0.90 U 0.80 U 1.2 U 1.0 U

0.90 U 0.80 U 1.2 U 1.0 U
0.90 U 0.80 U 1.2 U 1.0 U
0.04 U 0.80 U (j) 0.05 U 0.05 U
2.3 0.80 U 1.2 U 1.4

0.90 U 0.80 U 1.2 U 1.0 U
3.9 0.80 U 2.4 1.6

0.90 U 0.80 U 1.2 U 1.0 U
18 6.00 12 U 11 U

0.90 U 0.80 U 1.2 U 1.0 U
4.5 2.33 3.2 2.6

0.04 U 1.60 U 0.05 U 0.05 U
0.90 U 8.00 Y 1.2 U 1.0 U

240 U
240 U (j)
120 U
360 U (j)
610 U (j)
610 U (j)

1200 U (j)

2.1 J 2.1 2.2 15.0 1.7 J 2.0 J
41 48.4

24 22 26

0.32 J

2.4 3.1 6.0
4.0 5.6 4.5

49.4 57.5 46.4
44.3 33.9 42.9
93.7 91.4 89.3
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Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

Metals (mg/kg)
Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Silver 6.1 6.1
Zinc 410 960

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c)
Tributyltin (as chloride) None None
Tetrabutyltin None None
Dibutyltin (as Chloride) None None
Butyltin (as Chloride) None None

Porewater Organotin (ug/L)
Tributyltin (as TBT ion) 0.15 (d) None
Tributyltin (as chloride) None None

PAHs (mg/kg OC) (e)
Naphthalene 99 170
Acenaphthylene 66 66
Acenaphthene 16 57
Fluorene 23 79
Phenanthrene 100 480
Anthracene 220 1200
2-Methylnaphthalene 38 64
LPAH  (f, g) 370 780

Fluoranthene 160 1200
Pyrene 1000 1400
Benzo(a)anthracene 110 270
Chrysene 110 460
Benzo(b)fluoranthene None None
Benzo(K)fluoranthene None None
Total Benzofluoranthenes (f, h) 230 450
Benzo(a)pyrene 99 210
Indeno(1,2,3-c,d)pyrene 34 88
Dibenz(a,h)anthracene 12 33
Benzo(g,h,i)perylene 31 78
HPAH (f, i) 960 5300

SD2-04 SD2-05
(0-10cm) (0-10cm)

11/21/2000 11/21/2000

5 U 5 U
0.2 U 0.2 U

36.0 38.2
33.0 40.9

8 8
0.20 0.17
0.3 U 0.3 U

57.5 66.5

3.8 J 28

5.9 U 5.8 U
1.2 J 7.1
5.9 U 5.8 UJ

1.3 3.6
0.95 J 2.8
0.79 J 3.4
1.3 5.2
4.7 36
2.6 5.2
1.2 2.4
12 56

11 41
14 32
4.2 11
6.8 25

9.1 33
3.3 8.6
1.7 3.7
1.0 U 1.2
1.2 2.4
51 159

SD2-04 SD2-05
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Location:  
Sample ID:  

Depth:  
Sample Date:  SQS (a) CSL (b)

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3
1,3-Dichlorobenzene None None
1,4-Dichlorobenzene 3.1 9
1,2,4-Trichlorobenzene 0.81 1.8
Hexachlorobenzene 0.38 2.3
Dimethylphthalate 53 53
Diethylphthalate 61 110
Di-n-Butylphthalate 220 1700
Butylbenzylphthalate 4.9 64
bis(2-Ethylhexyl)phthalate 47 78
Di-n-octyl phthalate 58 4500
Dibenzofuran 15 58
Hexachlorobutadiene 3.9 6.2
N-Nitrosodiphenylamine 11 11

SVOCs (ug/kg)
Phenol 420 1200
2-Methylphenol 63 63
4-Methylphenol 670 670
2,4-Dimethylphenol 29 29
Pentachlorophenol 360 690
Benzyl Alcohol 57 73
Benzoic Acid 650 650

Conventionals
Total Organic Carbon (percent) None None
Total Solids (percent) None None
N-Ammonia (mg-N/kg) None None
Sulfide (mg/kg) None None
DOC (mg/l) None None

Total PCBs (f)  (mg/kg OC) 12 65

Grain Size (%)
Gravel None None
Sand None None
Silt None None
Clay None None
Fines None None

SD2-04 SD2-05
(0-10cm) (0-10cm)

11/21/2000 11/21/2000

SD2-04 SD2-05

1.0 U 0.90 U

1.0 U 0.90 U
1.0 U 0.90 U

0.05 U 0.05 U
1.1 2.6
1.0 U 0.90 U
1.2 2.0
1.0 U 0.90 U
7.4 U 14
1.0 U 0.90 U
1.5 5.7

0.05 U 0.05 U
1.0 U 0.90 U

1.9 J 2.1 J

2.7 3.6
16.5 7.3
46.1 48.1
34.6 41.0
80.7 89.1
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A blank indicates testing not performed.

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

J = Estimated value.

M = Indicates an estimated value of analyte detected and confirmed by analyst with low spectral match parameters.

Y = Raised reporting limit due to matrix interferences.

Boxed results exceed the SQS.

Shaded results exceed the CSL.

(a)  SMS Sediment Quality Standard (Chapter 173-204 WAC).

(b)  SMS Cleanup Screening Level (Chapter 173-204 WAC).

(c)  79 µg/kg equals site-specific no effects TBT bulk sediment screening level.

      156 µg/kg equals site-specific potential adverse affects TBT bulk sediment screening level.

(d)  TBT porewater screening level established by PSDDA.

(e)  All organic data (except phenols, benzyl alcohol, and benzoic acid) are normalized to total organic carbon; this 

       involves dividing the dry weight concentration of the constituent by the fraction of total organic carbon present.

(f)  Where chemical criteria in this table represent the sum of individual compounds or isomers, the following methods

      shall be applied:

         (i)  Where chemical analyses identify an undetected value for every individual compound/isomer, then the single 

              highest detection limit shall represent the sum of the respective compounds/isomers.

        (ii)  Where chemical analyses detect one or more individual compounds/isomers, only the detected concentrations 

              will be added to represent the group sum.

(g)  The LPAH criterion represents the sum of the following "low molecular weight polynuclear aromatic hydrocarbon" 

        compounds: naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, and anthracene.  The LPAH 

        criterion is not the sum of the criteria values for the individual LPAH compounds listed.

(h)  The total benzofluoranthenes criterion represents the sum of the concentrations of the "B," "J," and "K" isomers.

(i)  The HPAH criterion represents the sum of the following "high molecular weight polynuclear aromatic hydrocarbon" 

         compounds: fluoranthene, pyrene, benzo(a)anthracene, chrysene, total benzofluoranthenes, benzo(a)pyrene, 

         indeno(1,2,3-c,d)pyrene, dibenz(a,h)anthracene, and benzo(g,h,i)perylene.  The HPAH criterion is not the sum of 

         the criteria values for the individual HPAH compounds as listed.

(j)  Method detection limits exceed the SQS or CSL criteria.
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1.0 INTRODUCTION  

This report presents the results for the sediment quality monitoring conducted in October 2009 at 

the Weldcraft Steel and Marine (Gate 2 Boatyard) Site (Site) located in Bellingham Bay, Bellingham, 

Washington (Figure 1).  The sediment quality monitoring is being conducted as part of the Site-wide 

remedial investigation (RI), in accordance with Agreed Order No. DE 03TCPBE-5623 (Agreed Order) 

between the Washington State Department of Ecology (Ecology) and the Port of Bellingham (Port).   

The purpose of the sediment quality monitoring was to evaluate sediment quality in the marine 

portion of the Site (Marine Area) five years following completion of the 2003 sediment interim action.   

This report describes the activities conducted, identifies the samples collected and their locations, presents 

the chemical results for the sediment samples, and evaluates the results based on applicable Sediment 

Management Standards (SMS; WAC 173-204; Ecology 1995) criteria. 

 

1.1 SITE DESCRIPTION  

The Site is located in the northern corner of Squalicum Outer Harbor and consists of several 

buildings, open storage areas, parking lots, and until 2003, a marine railway.  The Marine Area is defined 

by the extent of pre-interim action marine sediment contamination, and is shown on Figure 2.  It consists 

of about 0.6 acres, including almost no intertidal habitat (Elevation 0 to 10 ft MLLW), about 0.1 acre 

shallow subtidal (Elevation -4 to 0 ft MLLW), and about 0.5 acre of deep subtidal (below Elevation  

-10 ft MLLW).  Numerous marine structures are present in the Marine Area, including a bulkhead along 

its entire shoreline, and two sets of travel-lift piers.   

 

1.2 SITE BACKGROUND 

The Port entered into the Agreed Order in 2003 to remediate contaminated marine sediment and 

to conduct an RI/FS.  Prior to entering into the Agreed Order, the Port had conducted a number of 

environmental investigations and an interim action in the Marine Area.  A Phase II Environmental Site 

Assessment (ESA) was conducted in 1998, which identified surface sediment contamination at the marine 

railway well that consisted of a number of metals and organic constituents.  In 2000 and 2001, a 

supplemental marine sediment investigation and a marine sediment remedial assessment were conducted, 

respectively.  These investigations concluded that marine sediment contamination associated with historic 

boatyard activities occurred in the vicinity of the former marine railway and the existing 30-ton travel lift, 

and consisted primarily of tributyltin (TBT) and mercury contamination with less extensive, co-located, 

marine sediment contamination consisting of other metals and organic constituents.  Available data did 

not suggest that existing outfalls are (or were) a significant source of Site marine sediment contamination.  
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In 2003/2004, a marine sediment interim action that consisted of dredging about 6,800 cubic yards of 

contaminated marine sediment was conducted.  Areas dredged to below elevation -13 ft MLLW were 

backfilled with clean, imported gravelly sand.  Marine sediment dredging was conducted in conjunction 

with removal of the marine railway, construction of a new bulkhead, and other Site improvements, as 

shown on Figure 2.  

Marine sediment interim action compliance monitoring was performed in 2004 following 

completion of sediment dredging activities.  Twelve surface marine sediment samples (SPM-1 through 

SPM-12) were collected in January 2004 and tested for semivolatile organic compounds (SVOCs), metals 

(As, Cd, Cr, Cu, Pb, Hg, Zn, and Ag), bulk organotins (including TBT), and total organic carbon (TOC).  

The analytical results from the initial round of compliance monitoring indicated that surface marine 

sediment within the marine dredge area exceed the Sediment Management Standards (SMS), Sediment 

Quality Standards (SQS), or SMS Cleanup Screening Levels (CSL) for mercury, TBT and/or polycyclic 

aromatic hydrocarbons.  Based on these results, marine sediment in front of the former marine railway 

well was removed by additional dredging.   

Four marine sediment surface samples (SPM-2A, SPM-3A, SPM-5A, and SPM-6A), and three 

core samples were collected during the second round of compliance monitoring and were tested for 

mercury, and two of the surface samples (SPM-3A and SPM-5A) were also tested for bulk organotins. 

   Based on the results of the post-interim action marine sediment compliance monitoring, it was 

concluded that post-dredging residual contamination resulted from redistribution caused by dredging 

activities, and is limited to about the upper 5 inches of marine sediment because no cleanup level 

exceedances were detected in core samples collected below surface sediment.  It was also concluded that 

because the additional marine sediment sampling at two locations did not replicate the mercury cleanup 

level exceedances from the initial round of monitoring, the thin veneer of post-dredging marine sediment 

contamination is either intermittent in coverage or natural recovery processes are already occurring at the 

Site.   

Post-interim action marine sediment quality data for detected constituents in conjunction with the 

marine sediment screening levels are presented in Table 1.  Marine sediment samples collected during the 

initial round of compliance monitoring from areas that were subsequently dredged are not presented 

because they do not represent current sediment quality conditions. 

A constituent was identified as being of concern if at least one post-interim action marine 

sediment sample exceeded the SQS criteria for that constituent.  Based on this criterion, the constituents 

of concern (COCs) identified for Site marine sediment are mercury, zinc, acenaphthene, flourene, 

fluoranthene, phenanthrene, and dibenzofuran.  Mercury is the most ubiquitous sediment COC, and is 
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shown for all sampling locations on Figure 3.  Other COCs are shown on Figure 3 at locations where their 

respective SQS value was exceeded. 
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2.0 FIELD ACTIVITIES 

Sediment quality monitoring for the supplemental RI sediment investigation was conducted in 

accordance with the sediment sampling and analysis plan (SAP; Landau Associates 2009) that was 

reviewed and approved by Ecology.  This section describes the sample locations, depths, laboratory 

analyses and field quality control samples.  Sample collection procedures are briefly described, but the 

SAP should be reviewed for a more detailed description of the sample collection procedures.   

 

2.1 SAMPLE LOCATIONS AND DEPTH  

Sediment samples were collected at nine locations.  Six samples were collected from the location 

of the interim action dredge prism and five of these samples were co-located with post-interim action 

compliance monitoring locations.  The remaining three samples were collected immediately outside the 

former dredge prism and were also co-located with previous sampling locations.  Where applicable, the 

sample identifications included the post-interim action compliance monitoring sample identifications and 

the year 2009.  The supplemental RI sediment sampling locations are shown on Figure 4 in conjunction 

with the post-interim action sampling locations.  Each sediment sample consisted of sediment collected 

from the upper 12 cm, which is considered the biologically active zone for Bellingham Bay (RETEC 

2006).  

 

2.2 SAMPLE COLLECTION AND ANALYSIS 

Sediment was retrieved at each sampling station using a 36-ft vessel with a pneumatic power grab 

sampler.  In accordance with the SAP (Landau Associates 2009), samples for laboratory analysis were 

collected from the upper 12 cm using a stainless-steel spoon, homogenized in a stainless-steel bowl, and 

placed in the appropriate sample container.  The sediment samples were analyzed for the COCs (mercury, 

zinc, acenaphthene, flourene, fluoranthene, phenanthrene, and dibenzofuran).  TOC in each sediment 

sample was also measured.  Methods used for the analysis of the sediment samples are identified in 

Tables 1 and 2. 

 

2.3 FIELD QUALITY CONTROL SAMPLES  

For data validation purposes, a blind field duplicate sample was collected at station SPM-4-09 

(duplicate sample identified as SPM-0-09).  Matrix spike and matrix spike duplicate samples were also 

collected at station SPM-10-09.  The blind field duplicate and the matrix spike and matrix spike 

duplicates were analyzed for all of the COCs. 
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3.0 ANALYTICAL RESULTS 

This section presents the physical and analytical results for the supplemental RI sediment 

investigation.  The purpose of the sediment quality monitoring was to evaluate surface sediment quality in 

the Marine Area following five years of natural recovery after completion of the 2003/2004 sediment 

interim action.  Natural recovery occurs through a combination of processes, including the deposition of 

clean marine sediment, intermixing of clean and affected sediment through bioturbation, and contaminant 

transformation and weathering.  As previously discussed, the sediment interim action removed all but an 

intermittent, thin veneer of surface sediment contamination that resulted from redistribution during 

dredging, so it was anticipated that the Marine Area would respond rapidly to natural recovery processes.   

The samples were analyzed and validated according to the quality control procedures described in 

the SAP.  All of the data were determined to be acceptable for use and no data was rejected.  However, 

the relative percent difference (RPD) between sample and the associated field duplicate were outside the 

recommended control limits for phenanthrene and fluoranthene.  Due to the natural heterogeneity of 

sediment, it is common for the RPD between sediment samples and duplicates to be outside of the 

recommended control limits.  Nonetheless, the phenanthrene and fluoranthene results for sample  

SPM-4-09 and the duplicate sample SPM-0-09 were qualified as estimates and flagged (J) based on the 

RPDs being outside the recommended RPD control limits 

 

3.1 PHYSICAL RESULTS 

Because sediment that has accumulated within the Marine Area subsequent to the interim action 

is similar in composition to pre-existing sediment, identifying the amount of post-interim action sediment 

accumulation is difficult.  However, the western portion of the dredge prism was backfilled with gravelly 

sand, which provides a clear contrast to the fine-grained naturally occurring sediment at the Site.  As a 

result, the top of the gravelly sand layer provides a clear marker layer for post-interim action sediment 

accumulation for those samples collected from the backfilled area.   

Three samples, SPM-1-09, SPM-2-09 and SPM-13-09 were collected from the backfill area.  At 

sample locations SPM-1-09 and SPM-2-09, only fine-grained sediment (silt) was encountered in the  

12 cm surface sediment samples.  At sample location SPM-13-09, silt was observed to a depth of 10 cm 

and a medium to coarse sand (interim action backfill) was observed below 10 cm.  Based on these 

observations it is concluded that at least 10 cm of sediment has been deposited within the dredge prism 

following the interim action, indicating that significant natural recovery is occurring. 
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3.2 ANALYTICAL RESULTS 

To evaluate the sediment quality, the analytical results for the sediment samples were compared 

to the SQS and CSL, as presented in Table 1.  Because the SQS and CSL for acenapthylene, fluorene, 

phenanthrene, fluoranthene, and dibenzofuran are expressed on a TOC-normalized basis, the analytical 

results for these constituents have been organic carbon normalized.  As shown in Table 1, mercury, zinc, 

and two or more of the SVOCs were detected in each sample; however, none of the concentrations exceed 

the SQS or CSL criteria.   Reporting limits for the non-detected constituents are also below the SQS and 

CSL criteria.   
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

Based on the results of the 2009 sediment compliance monitoring, sediment quality criteria have 

been achieved by natural recovery and no further investigation or cleanup of Site sediment is necessary.  

The results of the 2009 sediment compliance monitoring will be incorporated into the Site RI/FS report.   
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5.0 USE OF THIS DOCUMENT 

This report has been prepared for the exclusive use of the Port of Bellingham for specific 

application to the Weldcraft Steel and Marine Sediment Compliance Monitoring Project.  No other party 

is entitled to rely on the information, conclusions, and recommendations included in this document 

without the express written consent of the Port and Landau Associates.  Further, the reuse of information, 

conclusions, and recommendations provided herein for extensions of the project or for any other project, 

without review and authorization by the Port and Landau Associates, shall be at the user’s sole risk.  

Landau Associates warrants that within the limitations of scope, schedule, and budget, our services have 

been provided in a manner consistent with that level of care and skill ordinarily exercised by members of 

the profession currently practicing in the same locality under similar conditions as this project.  We make 

no other warranty, either express or implied. 

 

LANDAU ASSOCIATES, INC. 
 
 
 
 
 
Stacy J. Lane, L.G. 
Senior Geologist 
 
 
 
 
 
Lawrence D. Beard, P.E., L.G. 
Principal 
 
LDB/SJL/rgm 
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TABLE 1
2009 SEDIMENT COMPLIANCE MONITORING RESULTS 

WELDCRAFT STEEL AND MARINE
PORT OF BELLINGHAM

Page 1 of 1

Dup of SPM-4-09 (0-12cm)
SPM-1-09 (0-12cm) SPM-2-09 (0-12cm) SPM-4-09 (0-12cm) SPM-0-09 (0-12cm) SPM-6-09 (0-12cm) SPM-8-09 (0-12cm) SPM-9-09 (0-12cm) SPM-10-09 (0-12cm) SPM-12-09 (0-12cm) SPM-13-09 (0-12cm)

PU05I PU05H PU05D PU05E PU05G PU05B PU05A PU05J PU05C PU05F

SQS (a) CSL (b) 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009 10/22/2009

TOTAL METALS (mg/kg-dry wt)
Methods SW6010B/SW7471A
Mercury 0.41 0.59 0.12 0.11 0.14 0.12 0.27 0.19 0.18 0.17 0.14 0.12
Zinc 410 960 145 159 160 161 148 144 157 167 176 121

SEMIVOLATILES (mg/kg OC) (c)
Method SW8270D
Acenaphthylene 66 66 1.35 U 1.52 U 1.21 U 0.73 J 0.88 U 0.69 J 1.32 U 1.41 U 0.56 J 1.32 U
Fluorene 23 79 1.35 U 1.52 U 0.73 J 1.50 0.88 U 1.51 1.38 0.85 J 1.18 0.86 J
Phenanthrene 100 480 2.43 3.48 3.15 J1 16.58 J1 1.85 4.28 4.54 4.58 3.31 4.24
Fluoranthene 160 1200 4.05 5.61 6.67 J1 31.61 J1 6.48 12.58 13.82 19.01 10.11 7.95
Dibenzofuran 15 58 1.35 U 1.52 U 0.91 J 1.55 0.88 U 2.01 1.71 1.41 U 1.24 1.13 J

CONVENTIONALS
Total Organic Carbon (PLUMB81TC) (%) -- -- 1.48 1.32 1.65 1.93 2.16 1.59 1.52 1.42 1.78 1.51
Total Solids (EPA160.3) (%) -- -- 42.00 38.40 39.70 37.60 52.90 55.90 51.00 50.90 55.60 38.20

--  Indicates no criteria established.
U = Indicates the compound was undetected at the reported concentration.
J = Reported detected result is less than the Reporting Limit but greater than the Method Detection Limit.
J1 = Indicates the analyte was positively identified; the associated numerical value is the approximate concentration
      of the analyte in the sample.

(a)  SMS Sediment Quality Standard (Chapter 173-204 WAC).
(b)  SMS Cleanup Screening Level (Chapter 173-204 WAC).

(c)  All organic data are normalized to total organic carbon; this involves dividing the dry weight concentration of the
      constituent by the fraction of total organic carbon present.

Sediment Management Standards
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TABLE F-1
2004 PERFORMANCE MONITORING MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE
PORT OF BELLINGHAM

Page 1 of 5

SPM-1 SPM-2 SPM-3 SPM-4 SPM-5 SPM-6 SPM-7 SPM-8
GG43A GG43B GG43C GG43D GG43E GG43F GF53A GG43G

SQS (a) CSL (b) 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/15/2004 1/28/2004

Metals (mg/kg)
Arsenic 57 93 10 10 7 U 20 13 15 6 U 13
Cadmium 5.1 6.7 0.7 0.8 0.3 U 0.7 0.5 0.4 0.2 U 0.4
Chromium 260 270 65 136 26.9 67 46.5 48.7 23.5 51.2
Copper 390 390 201 190 150 220 309 140 84.3 134
Lead 450 530 48 42 25 48 54 32 7 30
Mercury 0.41 0.59 0.9 J 0.60 0.35 0.7 0.96 0.44 0.13 0.49
Silver 6.1 6.1 0.6 U 0.6 U 0.4 U 0.6 U 0.5 U 0.5 U 0.4 U 0.5 U
Zinc 410 960 210 468 111 230 218 127 89.2 110

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c) 34 24 140 61 260 69 12 18

PAHs (mg/kg OC) (d)
Naphthalene 99 170 10 10 72 33 77 8.1 0.1 U 22
Acenaphthylene 66 66 0.7 0.8 U 1.5 1.4 2.7 1.1 0.1 U 0.9
Acenaphthene 16 57 12 10 42 30 54 7.8 0.1 U 9.1
Fluorene 23 79 15 11 33 29 46 8.3 0.1 U 7.8
Phenanthrene 100 480 53 38 119 119 180 31 0.1 U 29
Anthracene 220 1200 8.4 6.9 13 16 22 6.1 0.1 U 11
2-Methylnaphthalene 38 64 6.3 3.8 35 14 43 4.4 0.2 3.7
LPAH  (e, f) 370 780 100 77 280 227 382 62 0.1 U 80

Fluoranthene 160 1200 47 38 102 100 220 42 0.1 41
Pyrene 1000 1400 31 30 67 67 123 25 0.2 35
Benzo(a)anthracene 110 270 14 13 21 27 40 14 0.1 U 15
Chrysene 110 460 16 16 33 33 54 20 0.1 U 23
Benzo(b)fluoranthene None None 13 13 20 27 34 15 0.1 U 17
Benzo(k)fluoranthene None None 11 12 17 22 28 11 0.1 U 13
Total Benzofluoranthenes (e,g) 230 450 24 25 37 50 62 27 0.1 30
Benzo(a)pyrene 99 210 8.1 8.1 12 15 20 8.9 0.1 U 11
Indeno(1,2,3-cd)pyrene 34 88 1.7 2.2 2.6 3.0 4.3 3.1 0.1 U 3.3
Dibenz(a,h)anthracene 12 33 0.6 U 0.8 U 0.7 1.0 1.2 0.9 0.1 U 1.0
Benzo(g,h,i)perylene 31 78 1.1 1.2 1.6 2.0 2.9 2.1 0.1 U 2.3
HPAH (e,h) 960 5300 143 134 277 298 528 143 0.3 161
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TABLE F-1
2004 PERFORMANCE MONITORING MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE
PORT OF BELLINGHAM

Page 2 of 5

SPM-1 SPM-2 SPM-3 SPM-4 SPM-5 SPM-6 SPM-7 SPM-8
GG43A GG43B GG43C GG43D GG43E GG43F GF53A GG43G

SQS (a) CSL (b) 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/28/2004 1/15/2004 1/28/2004

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
1,3-Dichlorobenzene None None 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
1,4-Dichlorobenzene 3.1 9 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
1,2,4-Trichlorobenzene 0.81 1.8 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
Hexachlorobenzene 0.38 2.3 0.6 U (i) 0.8 U (i) 0.4 U (i) 0.7 U (i) 0.6 U (i) 0.6 U (i) 0.1 U 0.8 U (i)
Dimethylphthalate 53 53 0.8 1.7 1.0 1.9 2.9 1.1 0.1 U 1.4
Diethylphthalate 61 110 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
Di-n-Butylphthalate 220 1700 0.6 U 0.8 U 0.4 U 0.7 U 1.2 0.6 U 0.1 U 0.8 U
Butylbenzylphthalate 4.9 64 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
bis(2-Ethylhexyl)phthalate 47 78 5.0 4.2 8.8 7.4 12.3 4.2 0.2 3.9
Di-n-Octyl phthalate 58 4500 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
Dibenzofuran 15 58 9.1 6.5 25.6 19 34 5.6 0.1 6.1
Hexachlorobutadiene 3.9 6.2 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U
N-Nitrosodiphenylamine 11 11 0.6 U 0.8 U 0.4 U 0.7 U 0.6 U 0.6 U 0.1 U 0.8 U

SVOCs (ug/kg)
Phenol 420 1200 19 U 20 U 19 U 20 U 20 U 20 U 19 U 19 U
2-Methylphenol 63 63 19 U 20 U 19 U 20 U 20 U 20 U 19 U 19 U
4-Methylphenol 670 670 24 20 U 47 20 U 20 U 20 U 19 U 19 U
2,4-Dimethylphenol 29 29 19 U 20 U 19 U 20 U 20 U 20 U 19 U 19 U
Pentachlorophenol 360 690 97 U 98 U 97 U 98 U 99 U 98 U 96 U 97 U
Benzyl Alcohol 57 73 19 U 20 U 19 U 20 U 20 U 20 U 19 U 19 U
Benzoic Acid 650 650 190 U 200 U 190 U 200 U 200 U 200 U 190 U 190 U

Conventionals
Total Organic Carbon (percent) None None 3.2 2.6 4.3 2.7 3.5 3.6 17 2.3
Total Solids (percent) None None 47.7 46.4 71.0 47.0 56.2 56.2 80.2 63.5

Si/Acid Cleaned NWTPH-Dx (mg/kg)
Diesel None None 23
Motor Oil None None 50

NWTPH-G (mg/kg) None None
Gasoline Range Hydrocarbons None None 6.2 U
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TABLE F-1
2004 PERFORMANCE MONITORING MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE
PORT OF BELLINGHAM

Page 3 of 5

SQS (a) CSL (b)

Metals (mg/kg)
Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Silver 6.1 6.1
Zinc 410 960

Bulk Organotin (ug/kg)
Tributyltin (as TBT ion) 79 (c) 156 (c)

PAHs (mg/kg OC) (d)
Naphthalene 99 170
Acenaphthylene 66 66
Acenaphthene 16 57
Fluorene 23 79
Phenanthrene 100 480
Anthracene 220 1200
2-Methylnaphthalene 38 64
LPAH  (e, f) 370 780

Fluoranthene 160 1200
Pyrene 1000 1400
Benzo(a)anthracene 110 270
Chrysene 110 460
Benzo(b)fluoranthene None None
Benzo(k)fluoranthene None None
Total Benzofluoranthenes (e,g) 230 450
Benzo(a)pyrene 99 210
Indeno(1,2,3-cd)pyrene 34 88
Dibenz(a,h)anthracene 12 33
Benzo(g,h,i)perylene 31 78
HPAH (e,h) 960 5300

SPM-9 SPM-10 SPM-11 SPM-12
GG43H GG43I GF53B GG43J

1/28/2004 1/28/2004 1/15/2004 1/28/2004

20 10 5 U 20
0.5 0.4 U 0.2 U 0.5
64 72 19.5 63

126 110 17.3 124
27 20 7 22

0.57 0.35 0.05 0.27
0.6 U 0.6 U 0.3 U 0.6 U
149 146 123 164

25 6.5 3.8 U 12

8.9 3.7 0.3 U 3.0
1.1 U 0.9 U 0.3 U 4.8
13 3.9 0.3 U 7.6
12 4.3 0.3 U 8.1
54 17 0.3 U 67
8.9 4.0 0.3 U 17
3.2 1.5 0.3 U 1.4
97 33 0.3 U 107

61 29 0.3 U 205
38 20 0.3 U 129
19 9.5 0.3 U 62
21 12 0.3 U 105
16 10 0.3 U 57
12 7.3 0.3 U 40
28 17 0.3 U 97
12 5.9 0.3 U 31
4.1 2.0 0.3 U 10
1.2 0.9 U 0.3 U 3
2.8 1.4 0.3 U 6.2
186 97 0.3 U 648
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TABLE F-1
2004 PERFORMANCE MONITORING MARINE SEDIMENT ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE
PORT OF BELLINGHAM

Page 4 of 5

SQS (a) CSL (b)

SVOCs (mg/kg OC) (e)
1,2-Dichlorobenzene 2.3 2.3
1,3-Dichlorobenzene None None
1,4-Dichlorobenzene 3.1 9
1,2,4-Trichlorobenzene 0.81 1.8
Hexachlorobenzene 0.38 2.3
Dimethylphthalate 53 53
Diethylphthalate 61 110
Di-n-Butylphthalate 220 1700
Butylbenzylphthalate 4.9 64
bis(2-Ethylhexyl)phthalate 47 78
Di-n-Octyl phthalate 58 4500
Dibenzofuran 15 58
Hexachlorobutadiene 3.9 6.2
N-Nitrosodiphenylamine 11 11

SVOCs (ug/kg)
Phenol 420 1200
2-Methylphenol 63 63
4-Methylphenol 670 670
2,4-Dimethylphenol 29 29
Pentachlorophenol 360 690
Benzyl Alcohol 57 73
Benzoic Acid 650 650

Conventionals
Total Organic Carbon (percent) None None
Total Solids (percent) None None

Si/Acid Cleaned NWTPH-Dx (mg/kg)
Diesel None None
Motor Oil None None

NWTPH-G (mg/kg) None None
Gasoline Range Hydrocarbons None None

SPM-9 SPM-10 SPM-11 SPM-12
GG43H GG43I GF53B GG43J

1/28/2004 1/28/2004 1/15/2004 1/28/2004

1.1 U 0.9 U 0.3 U 1.0 U
1.1 U 0.9 U 0.3 U 1.0 U
1.1 U 0.9 U 0.3 U 1.0 U
1.1 U (i) 0.9 U (i) 0.3 U 1.0 U (i)
1.1 U (i) 0.9 U (i) 0.3 U 1.0 U (i)
1.3 1.0 0.3 U 1.6
1.1 U 0.9 U 0.3 U 1.0 U
1.1 U 0.9 U 0.3 U 1.0 U
1.1 U 0.9 U 0.3 U 1.0 U

16.1 3.1 0.3 U 4.1
1.1 U 0.9 U 0.3 U 1.0 U
9.4 3.5 0.3 U 5.2
1.1 U 0.9 U 0.3 U 1.0 U
1.1 U 0.9 U 0.3 U 1.0 U

20 U 20 U 19 U 20 U
20 U 20 U 19 U 20 U
20 U 20 U 19 U 20 U
20 U 20 U 19 U 20 U
98 U 99 U 94 U 98 U
20 U 20 U 19 U 20 U

200 U 200 U 190 U 200 U

1.8 2.2 5.7 2.1
48.1 49.6 85.7 47.3

5.00 U
10 U

5.9 U
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TABLE F-1
2004 PERFORMANCE MONITORING MARINE SEDIMENT ANALYTICAL RESULTS

PORT OF BELLINGHAM

Page 1 of 1

A blank indicates testing not performed.

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

J =  Data validation flag indicating the analyte was positively identified; the associated numerical value is the approximate

        concentration of the analyte in the sample.

Boxed results exceed the SQS.

Shaded results exceed the CSL.

(a)  SMS Sediment Quality Standard (Chapter 173-204 WAC).

(b)  SMS Cleanup Screening Level (Chapter 173-204 WAC).

(c)  79 µg/kg equals site-specific no effects TBT bulk sediment screening level.  156 µg/kg equals site-specific potential adverse affects TBT bulk sediment screening level.

(d)  Value normalized to total organic carbon; this involves dividing the dry weight concentration of the constituent by the fraction of total organic carbon present.

(e)  Where chemical criteria in this table represent the sum of individual compounds or isomers, the following methods shall be applied:

         (i)  Where chemical analyses identify an undetected value for every individual compound/isomer, then the single highest detection limit shall represent 

              the sum of the respective compounds/isomers.

        (ii)  Where chemical analyses detect one or more individual compounds/isomers, only the detected concentrations  will be added to represent the group sum.

(f)  The LPAH criterion represents the sum of the following "low molecular weight polynuclear aromatic hydrocarbon" compounds: naphthalene, acenaphthylene, acenaphthene, 

        fluorene, phenanthrene, and anthracene.  The LPAH criterion is not the sum of the criteria values for the individual LPAH compounds listed.

(g)  The total benzofluoranthenes criterion represents the sum of the concentrations of the "B," "J," and "K" isomers.

(h)  The HPAH criterion represents the sum of the following "high molecular weight polynuclear aromatic hydrocarbon" compounds: fluoranthene, pyrene, benzo(a)anthracene, 

         chrysene, total benzofluoranthenes, benzo(a)pyrene, indeno(1,2,3-c,d)pyrene, dibenz(a,h)anthracene, and benzo(g,h,i)perylene.  The HPAH criterion is not the sum of 

         the criteria values for the individual HPAH compounds as listed.

(i)  Method detection limits exceed the SQS or CSL criteria.
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 1 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range 20 U 20 U 400 U 3200

Diesel Range 25 U 25 U 500 U 340

Oil Range 50 U 50 U 1100 790

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range 180 J 26 J 5.4 UJ

BTEX (mg/kg)

Method 8020

Benzene 8.1 J 0.22 J 0.054 UJ

Toluene 3.2 J 1.2 J 0.054 UJ

Ethylbenzene 5 J 0.56 J 0.081 J

m,p-Xylene 27 J 2 J 0.39 J

o-Xylene 4.6 J 0.96 J 0.054 UJ

Total Xylenes 31.6 2.96 0.39 J

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010) 7 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Arsenic (6010) 5 U 6 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Beryllium (6010) 0.3 0.2 0.3 0.2 0.1 0.2 0.2 0.2 0.2

Cadmium (6010) 0.6 0.3 0.6 0.4 0.9 0.4 0.3 0.2 0.2

Chromium (6010) 38.5 28.4 51.7 29.9 35.4 36.5 26.5 27.6 23.4

Copper (6010) 135 95.7 91.2 247 173 89.8 44.5 43.2 27.3

Lead (6010) 40 50 43 120 1160 77 36 15 8

Mercury (7471) 0.37 0.23 0.37 1.71 0.13 0.15 0.11 0.10 0.04 U

Nickel (6010) 52 86 42 23 31 27 22 23 23

Selenium (6010) 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Silver (6010) 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U 0.3 U

Thallium (6010) 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U 5 U

Zinc (6010) 376 113 220 146 441 171 61.5 53.5 42.5

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998

1/17/2014P:\001\024\FileRm\R\01-14 Final Draft RI-FS\Appendices\Appendix G\Appendix G.xls Landau Associates



TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 2 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

1/17/2014P:\001\024\FileRm\R\01-14 Final Draft RI-FS\Appendices\Appendix G\Appendix G.xls Landau Associates



TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 3 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 4 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

SB-1

1-1.4

1/20/1998

SB-2

1.2-1.4

1/20/1998

SB-6

0-1.4

1/20/1998

SB-7

0-1.7

1/20/1998

SB-8

4.7-5.6

1/20/1998

SB-17

0.2-0.6

1/21/1998

SB-18

0.75-1.5

1/21/1998

SB-19

0.5-2.1

1/21/1998

SB-20

0.4-1.7

1/21/1998

SB-WW-

Comp (b)

1/20/1998

SB-Bldg3-

Comp (c)

1/20/1998

SB-EW-

Comp (d)

1/20/1998

SB-DS-

Comp (e)

1/21/1998

SB-25

7-8

1/21/1998

SB-30

7-7.5

1/21/1998

SB-32

5-6.8

1/21/1998

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 5 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range

Diesel Range

Oil Range

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range

BTEX (mg/kg)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010)

Arsenic (6010)

Beryllium (6010)

Cadmium (6010)

Chromium (6010)

Copper (6010)

Lead (6010)

Mercury (7471)

Nickel (6010)

Selenium (6010)

Silver (6010)

Thallium (6010)

Zinc (6010)

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

200 UJ 200 UJ 20 U 470

690 J 250 UJ 50 U 50 U

900 J 630 J 100 U 100 U

20 U 20 U
14 7.2 36 8.7 5.2 U 10 15 8.9 72 50 U 50 U

54 17 55 26 10 U 14 38 10 U 100 150 100 U

5.7 UJ

0.057 UJ

0.057 UJ

0.057 UJ

0.072 J

0.057 UJ

0.072 J

6 U 6 U

0.2 U 0.3

21.2 22.5

41.2 55.6

28 26

0.06 U 0.06 U

17 20

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

3.1 U 3.3 U 3.2 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.9 4.3 1.3

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

9.4 15 4.4

1.0 U 1.1 U 1.1 U

SB-33

5-7.5

1/21/1998

Area 1

surface

1/23/1998

Area 2

surface

1/23/1998

DA101-0.75

BW26A

7/12/2000

DA101-2.5

BW26B

7/12/2000

DA101-8.0

BW26C

7/12/2000

DA102-0.75

BW26D

7/12/2000

DA102-8.0

BW26F

7/12/2000

DA102-3.0

BW26E

7/12/2000

DA103-0.5

BW26G

7/12/2000

DA103-2.5

BW26H

7/12/2000

DA103-8.0

BW26I

7/12/2000

0.0-1.5'

CA23A

8/17/2000

1.5-3.0'

CA23B

8/17/2000

UST-A

CQ31A

1/4/2001

UST-B

CQ31B

1/4/2001

Drum Drum SB-601A SB-601B
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 6 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

SB-33

5-7.5

1/21/1998

Area 1

surface

1/23/1998

Area 2

surface

1/23/1998

DA101-0.75

BW26A

7/12/2000

DA101-2.5

BW26B

7/12/2000

DA101-8.0

BW26C

7/12/2000

DA102-0.75

BW26D

7/12/2000

DA102-8.0

BW26F

7/12/2000

DA102-3.0

BW26E

7/12/2000

DA103-0.5

BW26G

7/12/2000

DA103-2.5

BW26H

7/12/2000

DA103-8.0

BW26I

7/12/2000

0.0-1.5'

CA23A

8/17/2000

1.5-3.0'

CA23B

8/17/2000

UST-A

CQ31A

1/4/2001

UST-B

CQ31B

1/4/2001

Drum Drum SB-601A SB-601B

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.4 2.2 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

52 U 54 U 53 U

1.0 U 1.1 U 1.1 U

2.1 U 2.2 U 2.1 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

2.1 U 2.2 U 2.1 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

1.0 U 1.1 U 1.1 U

2.1 U 1.1 U 1.1 U

5.2 U 5.4 U 5.3 U

5.2 U 5.4 U 5.3 U

5.2 U 5.4 U 5.3 U

140 U 140 U 140 U

140 U 140 U 140 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

340 U 350 U 340 U

69 U 71 U 69 U

140 U 140 U 140 U

69 U 71 U 69 U

69 U 71 U 69 U

140 U 140 U 140 U

140 U 140 U 140 U
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 7 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs

SB-33

5-7.5

1/21/1998

Area 1

surface

1/23/1998

Area 2

surface

1/23/1998

DA101-0.75

BW26A

7/12/2000

DA101-2.5

BW26B

7/12/2000

DA101-8.0

BW26C

7/12/2000

DA102-0.75

BW26D

7/12/2000

DA102-8.0

BW26F

7/12/2000

DA102-3.0

BW26E

7/12/2000

DA103-0.5

BW26G

7/12/2000

DA103-2.5

BW26H

7/12/2000

DA103-8.0

BW26I

7/12/2000

0.0-1.5'

CA23A

8/17/2000

1.5-3.0'

CA23B

8/17/2000

UST-A

CQ31A

1/4/2001

UST-B

CQ31B

1/4/2001

Drum Drum SB-601A SB-601B

69 U 71 U 69 U

69 U 71 U 69 U

340 U 350 U 340 U

210 U 210 U 210 U

690 U 710 U 690 U

69 U 71 U 69 U

210 U 210 U 210 U

69 U 71 U 69 U

69 U 71 U 69 U

210 U 210 U 210 U

140 U 140 U 140 U

140 U 140 U 140 U

69 U 71 U 69 U

340 U 350 U 340 U

340 U 350 U 340 U

340 U 350 U 340 U

69 U 71 U 69 U

340 U 350 U 340 U

69 U 71 U 69 U

69 U 71 U 69 U

410 U 420 U 410 U

69 U 71 U 69 U

690 U 710 U 690 U

340 U 350 U 340 U

69 U 71 U 69 U

340 U 350 U 340 U

340 U 350 U 340 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

340 U 350 U 340 U

690 U 710 U 690 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

340 U 350 U 340 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

340 U 350 U 340 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

69 U 71 U 69 U

34 U 35 U 34 U

34 U 35 U 34 U

34 U 35 U 34 U

34 U 35 U 34 U

34 U 35 U 34 U

69 U 71 U 69 U

34 U 35 U 34 U

69 U 71 U 69 U
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 8 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

SB-33

5-7.5

1/21/1998

Area 1

surface

1/23/1998

Area 2

surface

1/23/1998

DA101-0.75

BW26A

7/12/2000

DA101-2.5

BW26B

7/12/2000

DA101-8.0

BW26C

7/12/2000

DA102-0.75

BW26D

7/12/2000

DA102-8.0

BW26F

7/12/2000

DA102-3.0

BW26E

7/12/2000

DA103-0.5

BW26G

7/12/2000

DA103-2.5

BW26H

7/12/2000

DA103-8.0

BW26I

7/12/2000

0.0-1.5'

CA23A

8/17/2000

1.5-3.0'

CA23B

8/17/2000

UST-A

CQ31A

1/4/2001

UST-B

CQ31B

1/4/2001

Drum Drum SB-601A SB-601B
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 9 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range

Diesel Range

Oil Range

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range

BTEX (mg/kg)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010)

Arsenic (6010)

Beryllium (6010)

Cadmium (6010)

Chromium (6010)

Copper (6010)

Lead (6010)

Mercury (7471)

Nickel (6010)

Selenium (6010)

Silver (6010)

Thallium (6010)

Zinc (6010)

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

20 U 41

50 U 70

100 U 100 U

2300 5.4 U

20 210 1900 550 730 720 1800 31
2500 940

1600 1000

5 U 8

0.3 0.8

16.5 24.7

20.1 186

14 55 32 3

0.04 U 0.29

16 24

5.4 U

5.4 U

5.4 U

5.4 U

16 U

27 U

5.4 U

5.4 U

5.4 U

5.4 U

5.4 U

5.4 U

5.4 U 1600 U

27 U

5.4 U

5.4 U

27 U

5.4 U

5.4 U

5.4 U

5.4 U

5.4 U

UST-C

CQ31C

1/4/2001

DI-1

CQ31D

1/4/2001

CB-2

CQ31E

1/4/2001

MW-5-10-11.5

EK21A

5/22/2002

MW-6-5-6.5

EK21B

5/23/2002

MW-9-5-5.5

EK21C

5/22/2002

SB-34

JI67A

5/8/2006

SB-35

JI67B

5/8/2006

SB-36

JI67C

5/8/2006

SB-37B

JI67D

5/8/2006

SB-37

JI67E

5/8/2006

SB-38

JI67F

5/8/2006

SB-39

JI67G

5/8/2006

SB-40

JI67H

5/8/2006
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 10 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

UST-C

CQ31C

1/4/2001

DI-1

CQ31D

1/4/2001

CB-2

CQ31E

1/4/2001

MW-5-10-11.5

EK21A

5/22/2002

MW-6-5-6.5

EK21B

5/23/2002

MW-9-5-5.5

EK21C

5/22/2002

SB-34

JI67A

5/8/2006

SB-35

JI67B

5/8/2006

SB-36

JI67C

5/8/2006

SB-37B

JI67D

5/8/2006

SB-37

JI67E

5/8/2006

SB-38

JI67F

5/8/2006

SB-39

JI67G

5/8/2006

SB-40

JI67H

5/8/2006

5.4 U

5.4 U 44,000 1.1 U

5.4 U

27 U

5.4 U

27 U

27 U

5.4 U

76 U

9.2 61,000 1.5

5.4 U

810 63,000 1.1 U

5.4 U

5.4 U

5.4 U

70 400,000 1.1 U

37 130,000 1.1 U

530,000 1.1 U

5.4 U

5.4 U

5.4 U

270 U

5.4 U

11 U

27 U

5.4 U

5.4 U

5.4 U

27 U

11 U

27 U

86

220

27 U

5.4 U 1600 U

5.4 U

5.4 U

5.4 U

17

18 M

5.4 U

5.4 U

5.4 U

5.4 U

13 M

24

49 U

27 U

140

27 U

1600 U
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 11 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs

UST-C

CQ31C

1/4/2001

DI-1

CQ31D

1/4/2001

CB-2

CQ31E

1/4/2001

MW-5-10-11.5

EK21A

5/22/2002

MW-6-5-6.5

EK21B

5/23/2002

MW-9-5-5.5

EK21C

5/22/2002

SB-34

JI67A

5/8/2006

SB-35

JI67B

5/8/2006

SB-36

JI67C

5/8/2006

SB-37B

JI67D

5/8/2006

SB-37

JI67E

5/8/2006

SB-38

JI67F

5/8/2006

SB-39

JI67G

5/8/2006

SB-40

JI67H

5/8/2006
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 12 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

UST-C

CQ31C

1/4/2001

DI-1

CQ31D

1/4/2001

CB-2

CQ31E

1/4/2001

MW-5-10-11.5

EK21A

5/22/2002

MW-6-5-6.5

EK21B

5/23/2002

MW-9-5-5.5

EK21C

5/22/2002

SB-34

JI67A

5/8/2006

SB-35

JI67B

5/8/2006

SB-36

JI67C

5/8/2006

SB-37B

JI67D

5/8/2006

SB-37

JI67E

5/8/2006

SB-38

JI67F

5/8/2006

SB-39

JI67G

5/8/2006

SB-40

JI67H

5/8/2006

190

330

200

720

84

140 J

97

90

69

30

21 U

100.5
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 13 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range

Diesel Range

Oil Range

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range

BTEX (mg/kg)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010)

Arsenic (6010)

Beryllium (6010)

Cadmium (6010)

Chromium (6010)

Copper (6010)

Lead (6010)

Mercury (7471)

Nickel (6010)

Selenium (6010)

Silver (6010)

Thallium (6010)

Zinc (6010)

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

9.8 2400 830

10 U 5 U 5 U 6 5 U

545 37.5 50.8 17.1 13.9 126 49.5 101 43.3 25.7

1140 16 6 9 27 17

0.44 0.04 UJ 0.05 U 0.04 U 0.05 0.04 U

41 19 22 24 27

1160 51.9 206 114 33.6 39.6 91.2 50.2

SB-41

JI67I

5/8/2006

SB-42

JI67J

5/8/2006

SB-43

JI67K

5/8/2006 5/8/2006

SB-44-0-1

JJ63A

5/8/2006

SB-44-1-2

JQ77E

5/8/2006

JT24A

5/8/2006

SB-46-0-1

JJ63C

5/8/2006

SB-45-0-1

JJ63B

5/8/2006

SB-45-1-2

JQ77F

6/29/2006

SB-47-0-1

JJ63D

5/8/2006

SB-47-1-2

JQ77G

5/8/2006

JQ77H

6/29/2006

SB-47-2-3

JT24B

5/8/2006

SB-48-0-1

JO52A

SB-48-1-2SB-45-2-3
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 14 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

SB-41

JI67I

5/8/2006

SB-42

JI67J

5/8/2006

SB-43

JI67K

5/8/2006 5/8/2006

SB-44-0-1

JJ63A

5/8/2006

SB-44-1-2

JQ77E

5/8/2006

JT24A

5/8/2006

SB-46-0-1

JJ63C

5/8/2006

SB-45-0-1

JJ63B

5/8/2006

SB-45-1-2

JQ77F

6/29/2006

SB-47-0-1

JJ63D

5/8/2006

SB-47-1-2

JQ77G

5/8/2006

JQ77H

6/29/2006

SB-47-2-3

JT24B

5/8/2006

SB-48-0-1

JO52A

SB-48-1-2SB-45-2-3
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 15 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs

SB-41

JI67I

5/8/2006

SB-42

JI67J

5/8/2006

SB-43

JI67K

5/8/2006 5/8/2006

SB-44-0-1

JJ63A

5/8/2006

SB-44-1-2

JQ77E

5/8/2006

JT24A

5/8/2006

SB-46-0-1

JJ63C

5/8/2006

SB-45-0-1

JJ63B

5/8/2006

SB-45-1-2

JQ77F

6/29/2006

SB-47-0-1

JJ63D

5/8/2006

SB-47-1-2

JQ77G

5/8/2006

JQ77H

6/29/2006

SB-47-2-3

JT24B

5/8/2006

SB-48-0-1

JO52A

SB-48-1-2SB-45-2-3
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 16 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

SB-41

JI67I

5/8/2006

SB-42

JI67J

5/8/2006

SB-43

JI67K

5/8/2006 5/8/2006

SB-44-0-1

JJ63A

5/8/2006

SB-44-1-2

JQ77E

5/8/2006

JT24A

5/8/2006

SB-46-0-1

JJ63C

5/8/2006

SB-45-0-1

JJ63B

5/8/2006

SB-45-1-2

JQ77F

6/29/2006

SB-47-0-1

JJ63D

5/8/2006

SB-47-1-2

JQ77G

5/8/2006

JQ77H

6/29/2006

SB-47-2-3

JT24B

5/8/2006

SB-48-0-1

JO52A

SB-48-1-2SB-45-2-3
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 17 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range

Diesel Range

Oil Range

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range

BTEX (mg/kg)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010)

Arsenic (6010)

Beryllium (6010)

Cadmium (6010)

Chromium (6010)

Copper (6010)

Lead (6010)

Mercury (7471)

Nickel (6010)

Selenium (6010)

Silver (6010)

Thallium (6010)

Zinc (6010)

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

180 220 15,000 59 78 86 24 120 28

390 1,100 900 U 290 170 73 11 U 810 58

2,000 5,000 27,000 1,400 840 460 49 3,800 330

980 2,000 31,000 620 540 290 31 1,500 200

3,000 6,400 73,000 2,300 1,900 1,100 96 5,200 680

1,600 3,100 13,000 1,200 750 490 55 2,600 380

4,500 9,500 85,000 3,400 2,600 1,600 150 7,800 1,100

5 U 6 U 10 U

19.2 53.2 11.1 102

4 36 871

0.08 0.13 0.04 UJ 0.50

24 30 32

61.7 145 31.6 246

SB-49-0-1

JO52D

6/29/2006 6/30/2006

SB-50-0-1

JO52N

6/29/2006

SB-50-1-2

JQ77I

6/29/2006

JO51B

6/30/2006

SB-55-10-11

JO51C

6/30/2006

SB-51-0-1

JO52Q

6/29/2006

SB-53-9-10

JO51A

6/30/2006

SB-57-10-11

JO51D

6/30/2006

SB-59-10-11

JO51E

6/30/2006

JO51H

6/30/2006

SB-64-9.5-10.5

JO51I

6/30/2006

SB-61-10-11

JO51F

6/30/2006

SB-62-10-11

JO51G

SB-63-9-10SP-54-9-10
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 18 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

SB-49-0-1

JO52D

6/29/2006 6/30/2006

SB-50-0-1

JO52N

6/29/2006

SB-50-1-2

JQ77I

6/29/2006

JO51B

6/30/2006

SB-55-10-11

JO51C

6/30/2006

SB-51-0-1

JO52Q

6/29/2006

SB-53-9-10

JO51A

6/30/2006

SB-57-10-11

JO51D

6/30/2006

SB-59-10-11

JO51E

6/30/2006

JO51H

6/30/2006

SB-64-9.5-10.5

JO51I

6/30/2006

SB-61-10-11

JO51F

6/30/2006

SB-62-10-11

JO51G

SB-63-9-10SP-54-9-10
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 19 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs

SB-49-0-1

JO52D

6/29/2006 6/30/2006

SB-50-0-1

JO52N

6/29/2006

SB-50-1-2

JQ77I

6/29/2006

JO51B

6/30/2006

SB-55-10-11

JO51C

6/30/2006

SB-51-0-1

JO52Q

6/29/2006

SB-53-9-10

JO51A

6/30/2006

SB-57-10-11

JO51D

6/30/2006

SB-59-10-11

JO51E

6/30/2006

JO51H

6/30/2006

SB-64-9.5-10.5

JO51I

6/30/2006

SB-61-10-11

JO51F

6/30/2006

SB-62-10-11

JO51G

SB-63-9-10SP-54-9-10
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 20 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

SB-49-0-1

JO52D

6/29/2006 6/30/2006

SB-50-0-1

JO52N

6/29/2006

SB-50-1-2

JQ77I

6/29/2006

JO51B

6/30/2006

SB-55-10-11

JO51C

6/30/2006

SB-51-0-1

JO52Q

6/29/2006

SB-53-9-10

JO51A

6/30/2006

SB-57-10-11

JO51D

6/30/2006

SB-59-10-11

JO51E

6/30/2006

JO51H

6/30/2006

SB-64-9.5-10.5

JO51I

6/30/2006

SB-61-10-11

JO51F

6/30/2006

SB-62-10-11

JO51G

SB-63-9-10SP-54-9-10
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 21 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method WA HCID

Gas Range

Diesel Range

Oil Range

NWTPHg

Gasoline Range Hydrocarbons

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Method NWTPHd

Gas Range
Diesel Range (f)

Oil Range (f)

Method WTPHg

Gas Range

BTEX (mg/kg)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

PRIORITY POLLUTANT METALS (mg/kg)

Antimony (6010)

Arsenic (6010)

Beryllium (6010)

Cadmium (6010)

Chromium (6010)

Copper (6010)

Lead (6010)

Mercury (7471)

Nickel (6010)

Selenium (6010)

Silver (6010)

Thallium (6010)

Zinc (6010)

VOLATILES (µg/kg)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

57 66 64 0.25 U 0.25 U 0.25 U
0.25 U

0.50 U

450 330 230

2,000 1,600 1,200

840 780 580

2,800 2,400 2,100

1,300 1,200 1,100

4,100 3,600 3,200

0.7 0.5 U 1.8

1 U 1 U 1 U

0.1 U 0.1 U 0.1 U

2.1 1.8 2.9

4 U 6 12

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.3 U 0.3 U 0.3 U

3.0 U 3.0 U 3.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

1.0 U 1.0 U 1.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

10/22/2007

SB-65-9-10

JO51J

6/30/2006

SB-66-9-10

JO51L

6/30/2006

LU53C

10/22/2007

SB-69

LU53E

10/22/2007

SB-67-10.5-11.5

JO51K

6/30/2006

MW-9

LU53F

Dup of SB-65-9-10

SB-68
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 22 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

Total Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

Methyl tert-Butyl Ether

SEMIVOLATILES (µg/kg)

EPA Method SW8270

Phenol

Bis-(2-Chloroethyl) Ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

2,2'-Oxybis(1-Chloropropane)

4-Methylphenol

N-Nitroso-Di-N-Propylamine

Hexachloroethane

10/22/2007

SB-65-9-10

JO51J

6/30/2006

SB-66-9-10

JO51L

6/30/2006

LU53C

10/22/2007

SB-69

LU53E

10/22/2007

SB-67-10.5-11.5

JO51K

6/30/2006

MW-9

LU53F

Dup of SB-65-9-10

SB-68

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.5 U 0.5 U 0.5 U

0.2 U 0.2 U 0.2 U

1.0 U 1.0 U 1.0 U

3.0 U 3.0 U 3.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.4 U 0.4 U 0.4 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

5.0 U 5.0 U 5.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

1.0 U 1.0 U 1.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.5 U 0.5 U 0.5 U

0.5 U 0.5 U 0.5 U

1.0 U 1.0 U 1.0 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.5 U 0.5 U 0.5 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.2 U 0.2 U 0.2 U

0.5 U 0.5 U 0.5 U

0.5 U 0.5 U 0.5 U

0.5 U 0.5 U 0.5 U
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 23 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethylphenol

Benzoic Acid

bis(2-Chloroethoxy) Methane

2,4-Dichlorophenol

1,2,4-Trichlorobenzene

Naphthalene

4-Chloroaniline

Hexachlorobutadiene

4-Chloro-3-methylphenol

2-Methylnaphthalene

Hexachlorocyclopentadiene

2,4,6-Trichlorophenol

2,4,5-Trichlorophenol

2-Chloronaphthalene

2-Nitroaniline

Dimethylphthalate

Acenaphthylene

3-Nitroaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

Dibenzofuran

2,6-Dinitrotoluene

2,4-Dinitrotoluene

Diethylphthalate

4-Chlorophenyl-phenylether

Fluorene

4-Nitroaniline

4,6-Dinitro-2-Methylphenol

N-Nitrosodiphenylamine

4-Bromophenyl-phenylether

Hexachlorobenzene

Pentachlorophenol

Phenanthrene

Carbazole

Anthracene

Di-n-Butylphthalate

Fluoranthene

Pyrene

Butylbenzylphthalate

3,3'-Dichlorobenzidine

Benzo(a)anthracene

bis(2-Ethylhexyl)phthalate

Chrysene

Di-n-Octyl phthalate

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

PCBs (µg/kg)

Method 8082

Aroclor 1016

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Aroclor 1221

Aroclor 1232

Total PCBs

10/22/2007

SB-65-9-10

JO51J

6/30/2006

SB-66-9-10

JO51L

6/30/2006

LU53C

10/22/2007

SB-69

LU53E

10/22/2007

SB-67-10.5-11.5

JO51K

6/30/2006

MW-9

LU53F

Dup of SB-65-9-10

SB-68
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TABLE G-1

PRE-RI AND RI SOIL ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 24 of 24

Location(a):

Sample Depth (ft BGS)

Date Collected:

PAHs (µg/kg)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

10/22/2007

SB-65-9-10

JO51J

6/30/2006

SB-66-9-10

JO51L

6/30/2006

LU53C

10/22/2007

SB-69

LU53E

10/22/2007

SB-67-10.5-11.5

JO51K

6/30/2006

MW-9

LU53F

Dup of SB-65-9-10

SB-68

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

J = Estimated concentration.

M = Indicates an estimated value of analyte found and confirmed by analyst but with low spectral match.

Boxed value indicates concentration above preliminary screening level.

Blank indicates compound was not analyzed for.

(a)  No footnote a.

(b)  Composite of samples from borings SB-3, SB-4, and SB-5.

(c)  Composite of samples from borings SB-9, SB-10, and SB-11.

(d)  Composite of samples from borings SB-12 through SB-16.

(e)  Composite of samples from borings SB-21, SB-22, and SB-23.

(f) Beginning with May 2002 data, TPH samples were silica/acid cleaned.
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 1 of 28

Location: SB-5-W SB-8-W SB-10-W SB-16-W SB-19-W SB-24-W SB-30-W

Lab ID V140D V140H V140J V140L V140P V140S V140V

Date Collected: 1/20/1998 1/20/1998 1/20/1998 1/20/1998 1/21/1998 1/21/1998 1/21/1998

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Bromomethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Vinyl Chloride 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Chloroethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Methylene Chloride 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Acetone 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Carbon Disulfide 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,1-Dichloroethene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,1-Dichloroethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

trans-1,2-Dichloroethene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

cis-1,2-Dichloroethene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Chloroform 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2-Dichloroethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

2-Butanone 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

1,1,1-Trichloroethane 1.0 U 1.0 U 1.0 U 5.0 1.0 U

Carbon Tetrachloride 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Vinyl Acetate 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Bromodichloromethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2-Dichloropropane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

cis-1,3-Dichloropropene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Trichloroethene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Dibromochloromethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,1,2-Trichloroethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Benzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

trans-1,3-Dichloropropene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

2-Chloroethylvinylether 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Bromoform 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

4-Methyl-2-Pentanone (MIBK) 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

2-Hexanone 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Tetrachloroethene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,1,2,2-Tetrachloroethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Toluene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Chlorobenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Ethylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Styrene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Trichlorofluoromethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

1,1,2-Trichlorotrifluoroethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

m,p-Xylene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

o-Xylene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2-Dichlorobenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,3-Dichlorobenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,4-Dichlorobenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Acrolein 50 U 50 U 50 U 50 U 50 U

Methyl Iodide 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Bromoethane 2.0 U 2.0 U 2.0 U 2.0 U 2.0 U

Acrylonitrile 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

1,1-Dichloropropene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Dibromomethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1/16/2014P:\001\024\FileRm\R\01-14 Final Draft RI-FS\Appendices\Appendix H\Appendix H.xls Landau Associates



TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 2 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

MW-1 MW-1-Dup MW-1 MW-1 MW-2 MW-2

BX90A BX90E EK56A GV31G BX90B EK56B

07/26/00 07/26/00 5/30/2002 7/7/2004 07/26/00 5/30/2002

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

2.0 U 2.0 U 2.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

2.0 U 2.0 U 2.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

50 U 50 U 50 U

1.0 U 1.0 U 1.0 U

2.0 U 2.0 U 2.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 3 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

MW-3 MW-3 MW-3 MW-3 MW-3A MW-3B MW-4 MW-4 MW-4 MW-4 MW-4A

BX90C EK56C GV31E JO52G KJ60A KJ60G BX90D EK56D GV31B JO52H KJ60E

07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006 12/20/2006 07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

2.0 U 2.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

5.0 U 5.0 U

1.0 U 1.0 U

5.0 U 5.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

2.0 U 2.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

50 U 50 U

1.0 U 1.0 U

2.0 U 2.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 4 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

MW-4B MW-5

KJ60I EK56E

12/20/2006 5/30/2002
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 5 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

MW-6 MW-6 MW-7 MW-7 MW-7-Dup MW-7 MW-7A MW-7B MW-8 MW-8

EK56F GV31A EK56G GV31D GV31H JO52I KJ60C KJ60M EK56H GV31F

5/30/2002 7/7/2004 5/30/2002 7/7/2004 7/7/2004 6/29/2006 12/20/2006 12/21/2006 5/30/2002 7/7/2004
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 6 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

Dup of MW-11B

MW-9 MW-9 MW-9 MW-10 MW-10A MW-10B MW-11 MW-11A MW-11B

EK56I GV31C LU53F JO52M KJ60B KJ60H JO52L KJ60F KJ60J

5/30/2002 7/7/2004 10/22/2007 06/29/06 12/20/06 12/20/06 06/29/06 12/20/06 12/20/06

0.2 U

0.2 U

0.2 U

0.2 U

0.3 U

3.0 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

1.0 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.5 U

0.2 U

1.0 U

3.0 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.4 U

0.2 U

0.2 U

0.2 U

0.2 U

5.0 U

0.2 U

0.2 U

1.0 U

0.2 U

0.2 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 7 of 28

Location:

Lab ID

Date Collected:

VOLATILES (µg/L)

EPA Method SW8260

Chloromethane

Bromomethane

Vinyl Chloride

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichloroethane

trans-1,2-Dichloroethene

cis-1,2-Dichloroethene

Chloroform

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

trans-1,3-Dichloropropene

2-Chloroethylvinylether

Bromoform

4-Methyl-2-Pentanone (MIBK)

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

Toluene

Chlorobenzene

Ethylbenzene

Styrene

Trichlorofluoromethane

1,1,2-Trichlorotrifluoroethane

m,p-Xylene

o-Xylene

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Acrolein

Methyl Iodide

Bromoethane

Acrylonitrile

1,1-Dichloropropene

Dibromomethane

Dup of MW-11B Dup of MW-12

MW-111 MW-12 MW-13 MW-12A MW-12B SB-68 SB-69

KJ60K JO52J JO52K KJ60D KJ60L LU53C LU53E

12/20/06 06/29/06 06/29/06 12/20/06 12/21/06 10/22/2007 10/22/2007

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.3 U 0.3 U

3.0 U 3.0 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

1.0 U 1.0 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.5 U 0.5 U

0.2 U 0.2 U

1.0 U 1.0 U

3.0 U 3.0 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.4 U 0.4 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

5.0 U 5.0 U

0.2 U 0.2 U

0.2 U 0.2 U

1.0 U 1.0 U

0.2 U 0.2 U

0.2 U 0.2 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 8 of 28

Location: SB-5-W SB-8-W SB-10-W SB-16-W SB-19-W SB-24-W SB-30-W

Lab ID V140D V140H V140J V140L V140P V140S V140V

Date Collected: 1/20/1998 1/20/1998 1/20/1998 1/20/1998 1/21/1998 1/21/1998 1/21/1998

1,1,1,2-Tetrachloroethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2-Dibromo-3-chloropropane 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

1,2,3-Trichloropropane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

trans-1,4-Dichloro-2-butene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

1,3,5-Trimethylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2,4-Trimethylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Hexachlorobutadiene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Ethylene Dibromide 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Bromochloromethane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

2,2-Dichloropropane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,3-Dichloropropane 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Isopropylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

n-Propylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

Bromobenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

2-Chlorotoluene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

4-Chlorotoluene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

tert-Butylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

sec-Butylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

4-Isopropyltoluene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

n-Butylbenzene 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1,2,4-Trichlorobenzene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

Naphthalene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

1,2,3-Trichlorobenzene 5.0 U 5.0 U 5.0 U 5.0 U 5.0 U

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range 10 U

Diesel Range 10 U

Oil Range 25 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 9 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

MW-1 MW-1-Dup MW-1 MW-1 MW-2 MW-2

BX90A BX90E EK56A GV31G BX90B EK56B

07/26/00 07/26/00 5/30/2002 7/7/2004 07/26/00 5/30/2002

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

3.0 U 3.0 U 3.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U

5.0 U 5.0 U 5.0 U

5.0 U 5.0 U 5.0 U

5.0 U 5.0 U 5.0 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 10 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

MW-3 MW-3 MW-3 MW-3 MW-3A MW-3B MW-4 MW-4 MW-4 MW-4 MW-4A

BX90C EK56C GV31E JO52G KJ60A KJ60G BX90D EK56D GV31B JO52H KJ60E

07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006 12/20/2006 07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006

1.0 U 1.0 U

5.0 U 5.0 U

3.0 U 3.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

5.0 U 5.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

5.0 U 5.0 U

5.0 U 5.0 U

5.0 U 5.0 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 11 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

MW-4B MW-5

KJ60I EK56E

12/20/2006 5/30/2002
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 12 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

MW-6 MW-6 MW-7 MW-7 MW-7-Dup MW-7 MW-7A MW-7B MW-8 MW-8

EK56F GV31A EK56G GV31D GV31H JO52I KJ60C KJ60M EK56H GV31F

5/30/2002 7/7/2004 5/30/2002 7/7/2004 7/7/2004 6/29/2006 12/20/2006 12/21/2006 5/30/2002 7/7/2004
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 13 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

Dup of MW-11B

MW-9 MW-9 MW-9 MW-10 MW-10A MW-10B MW-11 MW-11A MW-11B

EK56I GV31C LU53F JO52M KJ60B KJ60H JO52L KJ60F KJ60J

5/30/2002 7/7/2004 10/22/2007 06/29/06 12/20/06 12/20/06 06/29/06 12/20/06 12/20/06

0.2 U

0.5 U

0.5 U

1.0 U

0.2 U

0.2 U

0.5 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.2 U

0.5 U

0.5 U

0.5 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 14 of 28

Location:

Lab ID

Date Collected:

1,1,1,2-Tetrachloroethane

1,2-Dibromo-3-chloropropane

1,2,3-Trichloropropane

trans-1,4-Dichloro-2-butene

1,3,5-Trimethylbenzene

1,2,4-Trimethylbenzene

Hexachlorobutadiene

Ethylene Dibromide

Bromochloromethane

2,2-Dichloropropane

1,3-Dichloropropane

Isopropylbenzene

n-Propylbenzene

Bromobenzene

2-Chlorotoluene

4-Chlorotoluene

tert-Butylbenzene

sec-Butylbenzene

4-Isopropyltoluene

n-Butylbenzene

1,2,4-Trichlorobenzene

Naphthalene

1,2,3-Trichlorobenzene

TOTAL PETROLEUM HYDROCARBONS (mg/L)

Method WA HCID

Gas Range

Diesel Range

Oil Range

Dup of MW-11B Dup of MW-12

MW-111 MW-12 MW-13 MW-12A MW-12B SB-68 SB-69

KJ60K JO52J JO52K KJ60D KJ60L LU53C LU53E

12/20/06 06/29/06 06/29/06 12/20/06 12/21/06 10/22/2007 10/22/2007

0.2 U 0.2 U

0.5 U 0.5 U

0.5 U 0.5 U

1.0 U 1.0 U

0.2 U 0.2 U

0.2 U 0.2 U

0.5 U 0.5 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.2 U 0.2 U

0.5 U 0.5 U

0.5 U 0.5 U

0.5 U 0.5 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 15 of 28

Location: SB-5-W SB-8-W SB-10-W SB-16-W SB-19-W SB-24-W SB-30-W

Lab ID V140D V140H V140J V140L V140P V140S V140V

Date Collected: 1/20/1998 1/20/1998 1/20/1998 1/20/1998 1/21/1998 1/21/1998 1/21/1998

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range 95 0.25 U

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8) 0.2 U 0.2 U 0.2 U 0.2

Arsenic (200.8) 0.5 0.4 0.8 0.3

Beryllium (200.8) 0.2 U 0.2 U 0.2 U 0.2 U

Cadmium (200.8) 0.2 U 0.2 U 0.2 U 0.2 U

Chromium (200.8) 1 U 1 U 1 U 1 U

Copper (200.8) 2 1 1 1 U

Lead (200.8) 1 U 1 U 1 U 1 U 1 U

Mercury (7470) 0.1 U 0.1 U 0.1 U 0.1 U

Nickel (200.8) 14 4 3 2

Selenium (200.8) 2 1 U 1 U 1 U

Silver (200.8) 0.2 U 0.2 U 0.2 U 0.2 U

Thallium (200.8) 0.2 U 0.2 U 0.2 U 0.2 U

Zinc (200.8) 11 8 4 4

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

1/16/2014P:\001\024\FileRm\R\01-14 Final Draft RI-FS\Appendices\Appendix H\Appendix H.xls Landau Associates



TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 16 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

MW-1 MW-1-Dup MW-1 MW-1 MW-2 MW-2

BX90A BX90E EK56A GV31G BX90B EK56B

07/26/00 07/26/00 5/30/2002 7/7/2004 07/26/00 5/30/2002

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

1 U

2 U

1 U 1 U 1 U 1 U 1 U 1 U

0.1 U

10 U

6 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 17 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

MW-3 MW-3 MW-3 MW-3 MW-3A MW-3B MW-4 MW-4 MW-4 MW-4 MW-4A

BX90C EK56C GV31E JO52G KJ60A KJ60G BX90D EK56D GV31B JO52H KJ60E

07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006 12/20/2006 07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

1 1

6 16 2 U 5 5 3 2

1 U 1 U 1 U 1 U 1 U 1 U 1 U NA

0.1 U 0.1 U 0.1 U 0.1 U NA

10 U 9.3 11 12 10 U 9.1 20

76 101 79 97 74 82 139
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 18 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

MW-4B MW-5

KJ60I EK56E

12/20/2006 5/30/2002

22

2

NA 1 U

NA

17

126
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 19 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

MW-6 MW-6 MW-7 MW-7 MW-7-Dup MW-7 MW-7A MW-7B MW-8 MW-8

EK56F GV31A EK56G GV31D GV31H JO52I KJ60C KJ60M EK56H GV31F

5/30/2002 7/7/2004 5/30/2002 7/7/2004 7/7/2004 6/29/2006 12/20/2006 12/21/2006 5/30/2002 7/7/2004

0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U 0.25 U

2 1

9 8 10 2 U 3

1 U 3 1 U 1 U 1 U NA NA 1 U

0.1 U 0.1 U 0.1 U NA NA

10 U 10 U 3.1 2.5 2.4

20 21 8 6 U 6 U
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 20 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

Dup of MW-11B

MW-9 MW-9 MW-9 MW-10 MW-10A MW-10B MW-11 MW-11A MW-11B

EK56I GV31C LU53F JO52M KJ60B KJ60H JO52L KJ60F KJ60J

5/30/2002 7/7/2004 10/22/2007 06/29/06 12/20/06 12/20/06 06/29/06 12/20/06 12/20/06

0.25 U 0.25 U

0.25 U 0.25 U 0.25 U

0.50 U 0.50 U 0.50 U

0.7 15 2 3 35 5 4 U

1 U 1 U NA NA 1 U NA NA

0.1 U 0.1 U NA NA 0.1 U NA NA

2.1 19.1 37 34.0 16.6 29 27

4 U 113 172 190 104 200 190

0.64

0.27

0.11

1.02

0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0.10 U

0
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 21 of 28

Location:

Lab ID

Date Collected:

TOTAL GASOLINE-RANGE HYDROCARBONS (mg/L)

Method WTPHg

Gas Range

Si/Acid Cleaned NWTPHD (mg/L)

Diesel Range Hydrocarbons

Motor Oil

DISSOLVED METALS (µg/L)

Antimony (200.8)

Arsenic (200.8)

Beryllium (200.8)

Cadmium (200.8)

Chromium (200.8)

Copper (200.8)

Lead (200.8)

Mercury (7470)

Nickel (200.8)

Selenium (200.8)

Silver (200.8)

Thallium (200.8)

Zinc (200.8)

PAHs (µg/L)

SW8270-SIM

Naphthalene

2-Methylnaphthalene

1-Methylnaphthalene

Total naphthalene

Benzo(a)anthracene

Chrysene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Benzo(a)pyrene

Indeno(1,2,3-cd)pyrene

Dibenz(a,h)anthracene

TEF

Dup of MW-11B Dup of MW-12

MW-111 MW-12 MW-13 MW-12A MW-12B SB-68 SB-69

KJ60K JO52J JO52K KJ60D KJ60L LU53C LU53E

12/20/06 06/29/06 06/29/06 12/20/06 12/21/06 10/22/2007 10/22/2007

0.25 U 0.25 U

4 U 9 9 3 3 0.5 U 1.8

NA 5 U 5 U NA NA 1 U 1 U

NA 0.1 U 0.1 U NA NA 0.1 U 0.1 U

28 12.5 13 8 7 1.8 2.9

180 280 280 43 45 6 12
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 22 of 28

Location: SB-5-W SB-8-W SB-10-W SB-16-W SB-19-W SB-24-W SB-30-W

Lab ID V140D V140H V140J V140L V140P V140S V140V

Date Collected: 1/20/1998 1/20/1998 1/20/1998 1/20/1998 1/21/1998 1/21/1998 1/21/1998

BTEX (µg/L)

Method 8020

Benzene 3500 J 1.0 U

Toluene 7400 J 1.0 U

Ethylbenzene 1800 J 1.0 U

m,p-Xylene 9400 J 1.0 U

o-Xylene 3900 J 1.0 U

Total Xylenes 13300 1.0 U

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 23 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

MW-1 MW-1-Dup MW-1 MW-1 MW-2 MW-2

BX90A BX90E EK56A GV31G BX90B EK56B

07/26/00 07/26/00 5/30/2002 7/7/2004 07/26/00 5/30/2002

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

1.0 U 1.0 U

450

1.0 U

450

0.18

0.15

0.010 U

0.15

62

1.5 U

6.92 6.68 7.35

11.4 13.8 9.5

675 410 1

13 10 0

0.15 0 0.28
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 24 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

MW-3 MW-3 MW-3 MW-3 MW-3A MW-3B MW-4 MW-4 MW-4 MW-4 MW-4A

BX90C EK56C GV31E JO52G KJ60A KJ60G BX90D EK56D GV31B JO52H KJ60E

07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006 12/20/2006 07/26/00 5/30/2002 7/7/2004 6/29/2006 12/20/2006

1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U

160

1.0 U

160

0.040 U

0.16 2.65 2.68 NA 0.982

0.010 U 0.024 0.024 NA 0.014

0.16 2.67 2.7 NA 0.996

300 480 499 NA 850

1.5 U

6.77 6.46 6.46 6.43 6.42 6.61 6.46 6.60 6.61

9.7 17.6 15.8 10.8 11.0 11.4 18.7 15.1 10.3

6340 11900 9283 12500 12925 9500 16600 10083 22267

21 12 1 5 7 0 9 0 50

0.22 1.97 NM 10.78 27.30 1.44 2.26 0.00 2.12
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 25 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

MW-4B MW-5

KJ60I EK56E

12/20/2006 5/30/2002

680

370

310

1900

780

2680

20 U

0.01 U

20 U

360

1.0 U

360

9.3

0.697 0.010 U

0.012 0.010 U

0.709 0.010 U

748 21

1.5 U

6.63 6.98

10.3 8.1

19167 532

5 9

24.70 0.00
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 26 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

MW-6 MW-6 MW-7 MW-7 MW-7-Dup MW-7 MW-7A MW-7B MW-8 MW-8

EK56F GV31A EK56G GV31D GV31H JO52I KJ60C KJ60M EK56H GV31F

5/30/2002 7/7/2004 5/30/2002 7/7/2004 7/7/2004 6/29/2006 12/20/2006 12/21/2006 5/30/2002 7/7/2004

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U 1.0 U

360

1.0 U

360

0.47

0.097 0.01 U 0.155

0.010 U 0.01 U 0.01 U

0.097 0.01 U 0.155

43 127 186

1.5 U

7.06 6.37 7.08 6.34 6.34 6.76 6.96 6.87 7.36 6.74

10.1 13.3 12.5 17.0 17.0 15.9 12.2 12.3 10.6 14.7

542 160 3042 13100 13100 4526 4528 5815 449 684

12 0 42 10 10 2 5 5 6 285

0.00 0.54 0.29 0.90 0.90 0.00 114.50 52.20 1.50 1.70
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 27 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

Dup of MW-11B

MW-9 MW-9 MW-9 MW-10 MW-10A MW-10B MW-11 MW-11A MW-11B

EK56I GV31C LU53F JO52M KJ60B KJ60H JO52L KJ60F KJ60J

5/30/2002 7/7/2004 10/22/2007 06/29/06 12/20/06 12/20/06 06/29/06 12/20/06 12/20/06

NA 1.47 1.86 NA 0.699 0.945

NA 0.016 0.020 NA 0.010 U 0.023 J

NA 1.49 1.88 NA 0.699 0.968

NA 622 592 NA 1390 1260

7.13 6.78 6.41 6.03 5.90 6.66 6.17 6.12

13.0 15.3 15.7 10.4 10.3 16.5 7.3 7.6

512 675 10,871 15,700 15,700 17,512 33,800 31,900

9 138 1.98 0.00 1.38 0.88 3.60 2.02

0.78 0.45 0.001 367.0 0.0 0.001 44.8 69.9
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TABLE H-1

PRE-RI AND RI GROUNDWATER ANALYTICAL RESULTS

WELDCRAFT STEEL AND MARINE SITE

Page 28 of 28

Location:

Lab ID

Date Collected:

BTEX (µg/L)

Method 8020

Benzene

Toluene

Ethylbenzene

m,p-Xylene

o-Xylene

Total Xylenes

VOLATILES (µg/L)

SW8260

1,2-Dichloroethane

Ethylene Dibromide

Methyl tert-Butyl Ether

CONVENTIONALS (mg/L)

Alkalinity (SM 2320) (mg/L CaCO3)

Carbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Bicarbonate (Alkalinity) (SM 2320) (mg/L CaCO3)

Ferrous Iron (SM3500 FeD)

N-Nitrate (Calculated) (mg-N/L)

N-Nitrite (EPA 353.2) (mg-N/L)

Nitrate + Nitrite (NO3+NO2) (EPA 353.2) (mg-N/L)

Sulfate (EPA 375.2)

Total Organic Carbon (EPA 415.1)

FIELD PARAMETERS

pH

Temperature (deg C)

Conductivity (µS)

Turbidity (NTU)

Dissolved Oxygen (mg/L)

Dup of MW-11B Dup of MW-12

MW-111 MW-12 MW-13 MW-12A MW-12B SB-68 SB-69

KJ60K JO52J JO52K KJ60D KJ60L LU53C LU53E

12/20/06 06/29/06 06/29/06 12/20/06 12/21/06 10/22/2007 10/22/2007

0.968 NA NA 0.519 0.219

0.010 UJ NA NA 0.010 U 0.010 U

0.968 NA NA 0.519 0.219

1270 NA NA 944 620

6.12 6.63 NM 6.33 6.58

7.6 15.6 NM 9.3 11.0

31,900 25,982 NM 24,300 18,800

2.01 0.70 NM 5.39 2.45

69.9 0.001 NM 74.6 68.7

U = Indicates compound was analyzed for, but was not detected at the given detection limit.

J = Estimated value.

UJ = The analyte was not detected in the sample; the given reporting limit is an estimate.

Bold values indicate a detected constituent.

Blank indicates compound was not analyzed for.
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TABLE I-1

ALTERNATIVES COST ESTIMATE 

WELDCRAFT STEEL AND MARINE SITE

Page 1 of 5

ALTERNATIVE 1: CONTAINMENT WITH SOURCE RECOVERY

ITEM QUANTITY UNIT UNIT COST TOTAL COMMENTS

Capital Direct Costs -
Asphalt Containment Layer

   Grading 6,180 SF 0.02$          600$                 Based on 2006 ECHOS estimate.  Multiplied by 1.1 to account for inflation and 1.02 for cost of living adjustment.

   Compaction 6,180 SF 0.04$          400$                 Based on 2006 ECHOS estimate.  Multiplied by 1.1 to account for inflation and 1.02 for cost of living adjustment.

   Paving 19,200 SF 2$               38,400$            

Based off costs from previous remediation project.  Area includes additional paving to repair/replace existing 

pavement (estimated at 20% area of remainder of site); grading and compaction not included.

Task Subtotal 39,000$           

Intermittent Dual Phase Extraction/Passive Recovery

    Well installation 8 wells 2,500$        20,000$            Assume same rate as air sparge wells for Alt. 2.

    Soil Disposal 15 drum 200$           3,000$              Cost estimate from previous remediation project.  Assumes 1.5 soil drum per well with 3 water drums.

    Fittings 1 LS 4,000$        4,000$              Assume half the fittings as a full dual phase extraction system.

    Extraction costs - vac truck 24 mos 1,000$        24,000$            Based off of quote from Emerald for a 5,000 gal truck at $96.15/hour.

    Waste disposal 24 mos 450$           10,800$            Based off of a quote form Emerald for waste disposal at $0.45/gallon.  Assumed 10 gpm for 10 minutes each well.

    Product bailers 0 wells 900$           -$                  Based on an average cost for a bailer from QED.

    Oil socks 24 mos 77$             1,800$              Based on the cost of 8 socks per month from Soakease ($115/12 socks).

    Dual Phase Extraction/Passive Recovery O&M 24 mos 1,000$        24,000$            Assume one 10-hour field day per month at $100/hour.

Task Subtotal 87,600$           

Passive Soil Gas Migration Control System (if needed) Assume  depressurization/vapor interception trench along northern property line north of plume to control potential 

offsite migration

   Contractor mob/demob 1 LS 2,500$        2,500$              

   Soil gas depressurization line trenching, bedding, and backfilling 150 LF 40$             6,000$              Assume one horizontal perforated line through north/south plume centerline

   Horizontal depressurization line (piping and perforated line) 150 LF 18$             2,700$              

   Equipment (fan/blower) 1 LS 7,500$        7,500$              Low flow fan (potential solar)

   Electrical 1 LS 5,000$        5,000$              Installation

   Backfill materials (pea gravel) 60 CY 25$             1,500$              

   Construction oversight 5 days 1,000$        5,000$              

   System monitoring and discharge air sampling 1 LS 2,500$        2,500$              Assume two discharge air sampling events and minor maintenance during first year of operation

   System monitoring and maintenance 30 yr 1,000$        20,000$            Assume 30 years of minor soil vapor control system maintenance and monitoring (3% discounted rate)

Task Subtotal 53,000$           

Monitoring Network 

   Install 2 gw wells; 3 vm wells

     Utility locate/clearing 1 LS 500$           500$                 

     Drilling/Development 5 wells 3,500$        17,500$            Includes mob/demob, tax, start card, surface completion

   Baseline monitoring well sampling/analysis 4 QTR 5,100$        20,400$            6 gw wells for TPH-G/BTEX (UST Area); 3 gw samples for metals (Work Yard); quarterly for 1 year

   Baseline soil vapor sampling/analysis 4 QTR 2,000$        8,000$              3 vm wells for benzene in soil vapor; quarterly for 1 year

Task Subtotal for Area 46,400$           

Subtotal for Direct Capital Costs 226,000$          

Capital Indirect Costs -
Pre-Design Investigation/Evaluation 1 LS 50,000$            

Remedial Design 20 % 45,200$            

Project Management 6 % 13,560$            

Construction Management 8 % 18,080$            

Construction Completion Report 1 LS 25,000$            

Permitting and Regulatory Compliance 5 % 11,300$            

Ecology Oversight 5 % 11,300$            

Estimate of Taxes 9 % 20,340$            

Subtotal for Capital Indirect Costs $194,780

Subtotal for Capital Direct and Indirect Costs 420,780$       
Contingency for Capital Direct and Indirect Costs 25 % 105,195$       

Total for Direct and Indirect Capital Costs 530,000$       

Long Term Containment Maintenance and Groundwater/Soil Vapor Monitoring Assume 30 years of containment maintenance and groundwater and soil vapor monitoring

Discount Rate 3% 3% discount rate represents average return on investment of 6% with an assumed inflation rate of 3%

   Containment monitoring and maintenance 30 YR 1,000$        20,000$            

   Groundwater sampling/analysis (every 5 yrs) 30 5 YR 5,100$        19,000$            

   Soil vapor sampling/analysis (every 5 yrs) 30 5 YR 2,000$        7,000$              

   Reporting (5 Year Review) 30 5 YR 5,000$        19,000$            

Subtotal for Operation and Maintenance Costs 65,000$           

Contingency on Operation and Maintenance Costs 25 % 16,250$        
Total for Operation and Maintenance Costs 81,250$        

ALTERNATIVE 1 PRESENT WORTH 610,000$    
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TABLE I-1

ALTERNATIVES COST ESTIMATE 

WELDCRAFT STEEL AND MARINE SITE

Page 2 of 5

ALTERNATIVE 2: CONTAINMENT WITH IN SITU TREATMENT AND SOURCE RECOVERY

ITEM QUANTITY UNIT UNIT COST TOTAL COMMENTS

Capital Direct Costs -
Asphalt Containment Layer

   Grading 6,180 SF 0.02$          600$                 Based on 2006 ECHOS estimate.  Multiplied by 1.1 to account for inflation and 1.02 for cost of living adjustment.

   Compaction 6,180 SF 0.04$          400$                 Based on 2006 ECHOS estimate.  Multiplied by 1.1 to account for inflation and 1.02 for cost of living adjustment.

   Paving 19,200 SF 2$               38,400$            

Based on previous remediation project costs.  Area includes additional paving to repair/replace existing pavement 

(estimated at 20% area of remainder of site); grading and compaction not included.

Task Subtotal 39,000$           

Air Sparing/SVE System

   Air discharge permitting 1 LS 5,000$        5,000$              

   Air Sparging/SVE System Construction

      Contractor mobilization/demobilization 1 LS 5,000$        5,000$              

      Sparge and vent well installation

          Sawcut Concrete for Air Sparging/SVE Trenches 13 CY 110$           1,465$              Assume trenches 2' wide, concrete 4" thick (avg)

          Demo Concrete for Air Sparging/SVE Trenches 1090 LF 3$               3,270$              

          Concrete Repaving Over Trenches 121 SY 54$             6,540$              

          Transport and Disposal of Concrete 13 CY 50$             650$                 

          Air Sparging well installation 13 wells 2,500$        32,500$            

         Drilling Waste 24 drums 200$           4,800$              Cost estimate from previous remediation project.  Assumes 1.5 soil drum per well with 3 water drums.

          Air Sparging/SVE distribution line trenching, bedding, 

          and backfilling 545 LF 40$             21,800$            Includes trenching for both Air Sparging and SVE manifold lines

          Air Sparging manifold lines (piping) 545 LF 15$             8,175$              

          SVE horizontal well (manifold piping and screen) 545 LF 18$             9,810$              

      Equipment (shed, blower, compressor) 1 LS 20,000$      20,000$            

      Electrical 1 LS 8,000$        8,000$              Installation

      Air discharge treatment

         Vapor Phase GAC 1 LS 35,000$      35,000$            Purchase price electric Cat-Ox (300 cfm) plus set-up; or vapor phase GAC units w/carbon disposal

         Electrical 24 mos 840$           20,160$            Estimated average electrical consumption based on $840/mo (~20 hp of equipment)

      Construction oversight 10 days 1,000$        10,000$            

   Air Sparging/SVE Startup 1 LS 2,500$        2,500$              

   Air Sparging/SVE Operation and maintenance 1.75 yrs 30,000$      52,500$            

1.75 years because the air sparge will not be running for the first 6 months and costs will be shared with the DPE 

system.

   Air Sparging/SVE System monitoring/reporting 1.75 yrs 20,000$      35,000$            

1.75 years because the air sparge will not be running for the first 6 months and costs will be shared with the DPE 

system.

Task Subtotal 282,170$         

Intermittent Dual Phase Extraction/Passive Recovery

    Well installation 0 wells 2,500$        -$                  Using air sparge wells.

    Soil Disposal 0 drum 200$           -$                  Using air sparge wells.

    Fittings 1 LS 4,000$        4,000$              Assume half the fittings as a full dual phase extraction system.

    Extraction costs - vac truck 6 mos 1,000$        6,000$              Based off of quote from Emerald for a 5,000 gal truck at $96.15/hour.

    Waste disposal 6 mos 450$           2,700$              Based off of a quote form Emerald for waste disposal at $0.45/gallon.  Assumed 10 gpm for 10 minutes each well.

    Product bailers 0 wells 900$           -$                  Based on an average cost for a bailer from QED.

    Oil socks 6 mos 77$             462$                 Based on the cost of 10 socks per month from Soakease ($115/12 socks).

    Dual Phase Extraction/Passive Recovery O&M 6 mos 1,000$        6,000$              Assume one 10-hour field day per month at $100/hour.

Task Subtotal 19,162$           

Monitoring Network 

   Install 3 new gw wells

     Utility locate/clearing 1 LS 500$           500$                 

     Drilling 3 wells 3,500$        10,500$            Includes mob/demob, tax, start card, surface completion

   Baseline monitoring/performance monitoring well sampling/analysis 12 QTR 5,100$        61,200$            6 gw wells for TPH-G/BTEX (UST Work Yard); quarterly for 3 years; metals for 1 year; GW samples for metals 

Task Subtotal for Area 72,200$           

Subtotal for Direct Capital Costs 413,000$          

Capital Indirect Costs -
Pre-Design Investigation/Evaluation 1 LS 50,000$            

Remedial Design 15 % 61,950$            

Project Management 6 % 24,780$            

Construction Management 8 % 33,040$            

Construction Completion Report 1 LS 40,000$            

Permitting and Regulatory Compliance 5 % 20,650$            

Ecology Oversight 5 % 20,650$            

Estimate of Taxes 9 % 37,170$            

Subtotal for Capital Indirect Costs 288,240$          
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Subtotal for Capital Direct and Indirect Costs 701,240$       
Contingency for Capital Direct and Indirect Costs 25 % 175,310$       

Total for Direct and Indirect Capital Costs 880,000$       

Long Term Containment Maintenance and Groundwater/Soil Vapor Monitoring Assume 30 years of containment maintenance and groundwater and soil vapor monitoring

Discount Rate 3% 3% discount rate represents average return on investment of 6% with an assumed inflation rate of 3%

   Containment monitoring and maintenance 30 YR 1,000$        20,000$            

   Groundwater sampling/analysis (every 5 yrs) 30 5 YR 2,800$        10,000$            

   Soil vapor sampling/analysis (every 5 yrs) 30 5 YR 2,000$        7,000$              

   Reporting (5 Year Review) 30 5 YR 5,000$        19,000$            

Subtotal for Operation and Maintenance Costs 56,000$           

Contingency on Operation and Maintenance Costs 25 % 14,000$        
Total for Operation and Maintenance Costs 70,000$        

ALTERNATIVE 2 PRESENT WORTH 950,000$    
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ALTERNATIVE 3: CONTAINMENT WITH FOCUSED REMOVAL

ITEM QUANTITY UNIT UNIT COST TOTAL COMMENTS

Capital Direct Costs -
Source Area Remedial Excavation (UST Site Unit)

   Former UST area investigation 1 LS 13,000$      13,000$            Excavation of material at minimum within the 300 mg/kg contour and areas exhibited odor during investigation.

   Contractor mobilization/demobilization 1 LS 5,000$        5,000$              

   Former UST source area excavation 

      Utilities management 1 LS 10,000$      10,000$            Temporary utilities

   Asphalt demolition/recycling 30 CY 55$             1,650$              $35/CY demolition/loading and $20/CY transport and recycling

   Concrete demolition/recycling 350 CY 140$           49,000$            $120/CY demolition/loading and $20/CY transport and recycling. 1.5' of concrete was assumed. 

      Shoring 0 sq ft 20$             -$                  if excavation extends to north, shoring may be necessary along Squalicum Way

      Dewatering (incl. treatment and disposal) 1 LS 10,000$      10,000$            

      Excavation 3000 cy 18$             54,000$            Assumes 5 upper feet are clean.  This calculation does not include the concrete (assumed 18" thick) or asphalt.

      Haul and disposal 2600 ton 60$             156,000$          $20/ton haul, $40/ton treatment/disposal (assume 1.5 tons/cy). This is the top 5', minus the concrete and asphalt.

  ORC Advance 3500 lb 10$             35,700$            Applied in excavation after removal - $9.21/lb + $0.20/lb shipping + tax

      Import backfill 2000 cy 20$             40,000$            This is equal to the volume hauled off and the volume of the concrete, minus 3" for asphalt.

      Place and compact backfill 3200 cy 6$               19,200$            This is equal to the volume imported plus the volume of soil from the top 5'.

      Re-pave surface 28300 sf 2$               56,600$             This includes both the excavated area, the North Work Yard, and assumptions for patching around the site. 

   Construction oversight during field work 15 days 1,000$        15,000$            

   Confirmation sample analysis (TPH/BTEX analysis) 30 samples 300$           9,000$              Quick turnaround, includes data validation/management

Task Subtotal 474,150$         

Monitoring Network 

   Install/replace 5 gw wells

     Utility locate/clearing 1 LS 500$           500$                 

     Drilling 5 wells 3,500$        17,500$            Includes mob/demob, tax, start card, surface completion

   Baseline monitoring/performance monitoring well sampling/analysis 4 QTR 5,100$        20,400$            5 gw wells for TPH-G/BTEX (UST Area); 3 GW for metals (Work Yard Area); quarterly for 1 year after excavation

Task Subtotal for Area 38,400$           

Subtotal for Direct Capital Costs 513,000$          

Capital Indirect Costs -
Pre-Design Investigation/Evaluation 1 LS 50,000$            

Remedial Design 15 % 76,950$            

Project Management 6 % 30,780$            

Construction Management 8 % 41,040$            

Construction Completion Report 1 LS 40,000$            

Permitting and Regulatory Compliance 5 % 25,650$            

Ecology Oversight 5 % 25,650$            

Estimate of Taxes 9 % 46,170$            

Subtotal for Capital Indirect Costs 336,240$          

Subtotal for Capital Direct and Indirect Costs 849,240$       
Contingency for Capital Direct and Indirect Costs 25 % 212,310$       

Total for Direct and Indirect Capital Costs 1,060,000$    

Long Term Containment Maintenance and Groundwater/Soil Vapor Monitoring Assume 30 years of containment maintenance and groundwater and soil vapor monitoring

Discount Rate 3% 3% discount rate represents average return on investment of 6% with an assumed inflation rate of 3%

   Containment monitoring and maintenance 30 YR 1,000$        20,000$            

   Groundwater sampling/analysis (every 5 yrs) 30 5 YR 2,800$        10,000$            

   Reporting (5 Year Review) 30 5 YR 5,000$        19,000$            

Subtotal for Operation and Maintenance Costs 49,000$           

Contingency on Operation and Maintenance Costs 25 % 12,250$        
Total for Operation and Maintenance Costs 61,250$        

ALTERNATIVE 3 PRESENT WORTH 1,100,000$ 
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ALTERNATIVE 4: SITE WIDE REMOVAL

ITEM QUANTITY UNIT UNIT COST TOTAL COMMENTS

Capital Direct Costs -
Site Wide Remedial Excavation

  Contractor mobilization/demobilization 1 LS 5,000$        5,000$              

  Utilities management 1 LS 10,000$      10,000$            Temporary utilities

   Asphalt demolition/recycling 640 CY 55$             35,200$            $35/CY demolition/loading and $20/CY transport and recycling

   Concrete demolition/recycling 690 CY 140$           96,600$            $120/CY demolition/loading and $20/CY transport and recycling. 1.5' of concrete was assumed. 

   Dewatering (incl. treatment and disposal) 1 LS 10,000$      10,000$            

   Excavation (UST Site Unit) 5700 cy 18$             102,600$          

Assumes 5 upper feet are clean.  This calculation does not include the concrete (assumed 18" thick) or asphalt, 

which has been accounted for previously.

   Excavation (Work Yard Site Unit) 4600 cy 18$             82,800$            Assume excavation and disposal of top 2 feet.

   Haul and disposal 11700 ton 60$             702,000$          $20/ton haul, $40/ton treatment/disposal (assume 1.5 tons/cy). This is the top 5', minus the concrete and asphalt.

  ORC Advance 0 lb 10$             -$                  

      Import backfill 8400 cy 20$             168,000$          This is equal to the volume hauled off and the volume of the concrete, minus 3" for asphalt.

      Place and compact backfill 10900 cy 8$               87,200$            This is equal to the volume imported plus the volume of soil from the top 5' in the UST Site Unit.

      Re-pave surface 87900 sf 2$               175,800$          

   Construction oversight during field work 45 days 1,200$        54,000$            

   Confirmation sample analysis (TPH/BTEX and metals analysis) 100 samples 400$           40,000$            

   Install 5 new wells

     Utility locate/clearing 1 LS 500$           500$                 

     Drilling 5 wells 3,500$        17,500$            Includes mob/demob, tax, start card, surface completion

   Monitoring well sampling/analysis/reporting (4 qtrs @ 5 wells/qtr) 4 quarters 5,100$        20,400$            5 gw wells for TPH-G/BTEX and metals; quarterly for 1 year after excavation

Task Subtotal 1,607,600$      

Subtotal for Direct Capital Costs 1,608,000$       

Capital Indirect Costs -
Pre-Design Investigation/Evaluation 1 LS 50,000$            

Remedial Design 15 % 241,200$          

Project Management 5 % 80,400$            

Construction Management 6 % 96,480$            

Construction Completion Report 1 LS 40,000$            

Permitting and Regulatory Compliance 3 % 48,240$            

Ecology Oversight 2 % 32,160$            

Estimate of Taxes 9 % 144,720$          

Subtotal for Capital Indirect Costs 733,200$          

Subtotal for Capital Direct and Indirect Costs 2,341,200$    
Contingency for Capital Direct and Indirect Costs 25 % 585,300$       

Total for Direct and Indirect Capital Costs 2,930,000$    

ALTERNATIVE 4 PRESENT WORTH 2,900,000$ 

NOTES 

1) Costs presented in this FS are considered to have a relative accuracy within the range of -30 to +50 percent, as shown above, and 

should be used primarily as a basis for comparison of costs between alternatives.  More exact costs will be developed during the 

design and implementation phases of the cleanup.
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