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1.0 INTRODUCTION 
This document presents a work plan to conduct a remedial investigation (RI) at The Boeing Company’s 
(Boeing) Developmental Center (DC) in Tukwila, Washington (site; Figure 1). The DC is a regulated 
facility under the Resource Conservation and Recovery Act (RCRA) with a facility identification number 
of WAD-09363-9946. A facility map is presented on Figure 2. The Washington State Department of 
Ecology (Ecology) is authorized by the US Environmental Protection Agency (EPA) to implement RCRA 
corrective action through its Model Toxics Control Act (MTCA) regulation.  

Boeing has performed extensive prior investigations and interim remedial actions at the DC. This work 
has been performed under Ecology’s Voluntary Cleanup Program (VCP) since 2002 and is incorporated 
into the RI. Future work will continue under the new Agreed Order No. DE 16275 issued for the DC on 
July 23, 2019, per the Interim Action Work Plan (IAWP; Landau Associates, Inc. [LAI] 2019a), and per 
this RI work plan. Interim action has been performed in Area of Concern (AOC)-05, Solid Waste 
Management Unit (SWMU)-17, and SWMU-20 (Figure 3). Site stormwater will not be addressed in this 
work plan; stormwater treatment requirements are specified in Agreed Order No. 15600. 

This RI work plan was prepared by LAI on behalf of Boeing and was developed to meet the general 
requirements for an RI as defined by Ecology MTCA cleanup regulations (Washington Administrative 
Code [WAC] 173-340-350). This work plan describes the site-wide RI activities to be performed and 
the planned schedule for data collection, evaluation, and reporting. This work plan includes a 
Sampling and Analysis Plan (SAP; Appendix A), a Quality Assurance Project Plan (QAPP; Appendix B), 
and a Health and Safety Plan (HASP; Appendix C), which will govern ongoing RI work. 

1.1 Overview of Prior Investigations 
A number of site evaluations, environmental investigations, and cleanup actions have taken place at 
the DC since the 1980s. These investigations previously identified surface and subsurface 
contamination at the site, including the following: 

• Petroleum hydrocarbons in soil and groundwater 

• Volatile compounds related to petroleum hydrocarbon releases in soil and groundwater 

• Polychlorinated biphenyls (PCBs) in soil, building materials, and the stormwater sewer system 

• Chlorinated solvents in soil and groundwater 

• Polycyclic aromatic hydrocarbons (PAHs) in groundwater 

• Metals in soil and groundwater. 

These prior investigations were generally focused on a specific AOC or SWMU, or on other areas of 
suspected releases at the site and are incorporated into the RI. Prior investigations are summarized in 
this work plan and data are presented in Appendices D, E, F, G, J and K.  
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The results of prior investigations and cleanups were compared to screening levels and previously 
proposed cleanup levels (CULs). Preliminary soil and groundwater screening levels were developed in 
2002 (LAI 2002b) based on MTCA Method C CULs for soil and MTCA Methods A and B CULs for 
groundwater. In 2013, preliminary screening levels for groundwater were replaced with proposed 
CULs based on Boeing Plant 2 target media cleanup levels (TMCLs; LAI 2013). Indoor air proposed 
CULs were also developed in 2013 based on Plant 2 TMCLs for industrial/worker exposure. This work 
plan adopts updated screening levels for the RI to replace prior screening levels and proposed CULs, 
as described in Section 5.0. 

1.2 Additional Investigation for Completion of the RI 
Additional investigation into historical areas of interest and new areas of interest will be performed to 
complete the RI and resolve identified data gaps remaining following prior investigations. Additionally, 
the RI will evaluate potential human and environmental receptors and potential pathways to 
receptors. Findings will support recommendations for potential interim measures, the completion of 
the feasibility study (FS), and the development and implementation of a Cleanup Action Plan (CAP). 
Implementation of the CAP is intended to achieve a No Further Action (NFA) determination by Ecology 
for the DC. 

Additional investigation of subsurface soil and groundwater will be performed to completely 
characterize the nature and extent of contamination at each of the identified investigation areas. 
Additional investigation will be performed in areas that were identified as data gaps during previous 
investigations and/or where additional investigation was requested by Ecology. Further investigation 
will be performed in the areas discussed in Section 6.0 and shown on Figure 3. 

RI activities will include the following: 

1) Site reconnaissance to confirm the presence/locations of existing monitoring wells and 
evaluate their suitability for sampling.   

2) Utility investigation work. 

3) Collection and analysis of groundwater samples from existing monitoring wells. 
Redevelopment of existing monitoring wells, as necessary. 

4) Collection and analysis of soil and/or groundwater samples from direct push borings in select 
investigation areas. 

5) Ground surface elevation and location surveys of all new borings drilled as part of this plan. 
Collection of other geospatial information deemed pertinent during the execution of the plan. 

6) Collection and analysis of grab samples from each of the identified groundwater seeps along 
the DC facility boundary.  

7) Collection and analysis of grab samples from areas of identified bank erosion along the DC 
facility boundary. 

8) Additional phase(s) of investigation based on evaluation of initial RI data.  
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Preliminary locations for the seep grab samples and soil and groundwater grab samples are identified 
in this work plan and discussed further in the SAP (Appendix A). Boring locations may be adjusted 
based on the findings of the utility investigation work.  
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2.0 SITE DESCRIPTION AND BACKGROUND 
This section describes site features, current and future land and water use, and historical site uses. 

2.1 Current Site Features 
The DC (site) is located at 9725 East Marginal Way South in Tukwila, Washington near Boeing Field 
and the Military Flight Center (now called the Military Delivery Center; Figure 2). The site is bounded 
by the Lower Duwamish Waterway (LDW) on the west and south, by East Marginal Way South on the 
east, and by the Museum of Flight and Slip 6 on the north. The site is at an average elevation of 
approximately 20 feet (ft) above mean sea level. Surface topography at and in the vicinity of the DC is 
generally flat. The site and surrounding area are paved. 

The DC is an aircraft and aerospace research and development complex, primarily supporting projects 
for the US Department of Defense. The facility currently consists of more than 30 buildings on 
approximately 117 acres. It continues to be the primary research and development center for carbon 
fiber composite structures. 

2.2 Current and Future Land Use 
Land use surrounding the DC is primarily industrial and commercial, while the site itself is zoned for 
heavy industrial use. The DC is located within a large contiguous industrial land use area that extends 
from the navigational head of the LDW to Harbor Island, where the LDW discharges to Elliot Bay. This 
region represents one of the largest contiguous industrial areas within the State of Washington. 
Future land use is anticipated to be industrial operations and/or commercial activities, consistent with 
current zoning and site use.  

2.3 Current and Future Groundwater Use 
Groundwater at the DC is not a current or potential future source of drinking water, as it meets the 
non-potable groundwater definition in WAC 173-340-720(2). Per the code, “even if groundwater is 
classified as a potential future source of drinking water under…this subsection, [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.” The LDW adjacent to the DC is not suitable as a domestic water supply, as it is 
composed largely of marine surface water with an overlying layer of freshwater. Furthermore, the 
LDW is a listed Superfund site and undergoing extensive cleanup activities unrelated to the DC. The 
location of the DC relative to the LDW allows site groundwater to be classified as non-potable for the 
purposes of the code if certain conditions can be demonstrated. These conditions are met at the DC, 
as follows: 

• The groundwater does not serve as a current source of drinking water (WAC 173-340-
720[2][a]). There are no known municipal or domestic water wells within at least 0.5 miles of 
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the DC.1 Two municipal supply wells are located approximately 0.75 miles west and 1 mile 
south of the DC, respectively. These wells are located on the opposite side of the LDW from 
the DC and on the West Seattle Upland, not in the Duwamish Valley lowland. Given the 
regional flow of groundwater toward the river from the highlands on both sides of the valley, 
these wells would not be impacted by constituents in DC groundwater. 

• 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 
(WAC 173-340-720[2][c]). Shallow groundwater at the DC, which is impacted by 
contaminants, does not have the potential to contaminate other groundwater, because it 
flows west to discharge to the LDW. Furthermore, groundwater in the vicinity of the DC is not 
a current or potential future source of drinking water because of the proximity of the LDW 
(i.e., salt water intrusion) and because of an established municipal water supply in the 
Duwamish Valley (the City of Tukwila Public Works Department, Water Utility Division, 
supplies water provided by Seattle Public Utilities, which comes from the Cedar River 
Watershed). 

• There are known or projected points of entry of the groundwater into the surface water 
(WAC 173-340-720[2][d]). The DC is a shoreline site along the LDW. Shallow groundwater at 
the site flows west to discharge to the waterway. 

• The surface water is not classified as a suitable domestic water supply source under chapter 
173-201A WAC (WAC 173-340-720[2][d]). The segment of the LDW adjacent to, and 
downstream of, the site consists of fresh water overlying salt water and is not considered a 
suitable domestic water supply source according to WAC 173-201A-602, Table 602: Water 
Resource Inventory Area 9. 

• The groundwater is sufficiently hydraulically connected to the surface water that the 
groundwater is not practicable to use as a drinking water source (WAC 173-340-720[d]). The 
shallow unconfined aquifer at the site is hydraulically connected to the LDW, as evidenced by 
the tidal response observed in site monitoring wells (LAI 1987b, Tetra Tech 1996).  

2.4 Site History 
This section presents a brief history of the DC, including Boeing’s past operations at the site.  

2.4.1 Early Commercial Use 

Before the US Army Corps of Engineers (USACE) channelized the LDW around 1918, the site was 
farmland. The earliest known commercial operations at the site began in 1927, when Pankratz Lumber 
Company (a sawmill), Washington Compressed Gas Company (a welding supply company), and 
Associated Packing Company (a stockyard and meat-packing plant) occupied the northeast corner of 
the site. In 1947, the location previously occupied by Washington Compressed Gas Company was 
occupied by an office building and a warehouse used to store modular home components. Associated 
Packing Company operated until 1956, and the Pankratz Lumber Company closed sometime between 

 
1 Water rights exist for domestic and/or irrigation wells in sections east and south of the site, but none of these is located 

within the two sections occupied by the DC (T23N, R4E, Section 4 and T24N, R4E, Section 33) and locations are upgradient or 
cross-gradient from the DC (LAI 2002b). 
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1958 and 1963. The only known waste associated with these businesses was a scrap wood pile on the 
Pankratz Lumber Company property (Science Applications International Corporation [SAIC] 1994). 

By 1938, Monsanto Fund (now called the Bayer Fund) purchased the northern 38 acres of the site. 
Monsanto Fund leased the property to tenants of a warehouse and office buildings, American 
Winegrower’s Association, Dallas-Mavis (a commercial trucking company), a granary, and Slip 6 (a 
boat slip). In 1938, a winery owned by the American Winegrower’s Association occupied the property 
south of Washington Compressed Gas and adjacent to East Marginal Way South. The winery expanded 
in 1946 and again in 1968 until it occupied 60,000 square feet (ft2) of the property. The winery closed 
in the mid-1970s. There were two 1,000-gallon underground concrete settling tanks associated with 
the winery that were removed from the site. Dallas-Mavis occupied the location of the Museum of 
Flight (former Building 9-04) and the adjacent parking lot areas until 1989. A 77,000-ft2 granary was 
located to the north and to the west of the winery. Grain storage ended in 1973, after which it 
functioned as a warehouse until 1985 (SAIC 1994). 

The Port of Seattle purchased the Monsanto Fund property and took over the leases in 1976. They 
leased the northeastern five acres of the site in two parcels to Transport International Pool (a truck 
trailer rental, leasing, and sales company) and Kenworth Truck Company (a commercial trucking 
company) for parking and storage. Isaacson Steel (a structural steel manufacturer) leased the former 
granary for storage. Terminal 128 Corporation leased Slip 6 and intended to develop it as a marina, 
but this never occurred. The only known waste associated with the businesses occupying the 
Monsanto Fund property post-1976 was from the Terminal 128 lease. In February 1984, the Port of 
Seattle notified Terminal 128 Corporation that three transformer vaults had illegal hook-ups and that 
the associated sumps contained debris that was making them inoperable. There were also oil and 
chemical leaks and spills. Terminal 128 Corporation hired a contractor to remediate the leased 
property to the Port of Seattle’s satisfaction (SAIC 1994). 

In the mid-1930s, the southeastern portion of the property was occupied by a grocery store and a 
gasoline station. The gas station only operated for a short time period. A portion of the grocery store 
building was leased and occupied by a tavern and a warehouse. The building was destroyed by a fire 
in the 1940s (SAIC 1994). 

Pamco Construction Company owned and operated a construction yard and commercial parking lot in 
the area of the DC south parking lot until 1955. Between 1958 and 1963, Pro Gas (a propane 
distributor) was located adjacent to East Marginal Way South on the southern half of the site.   

2.4.2 Boeing Operations and Waste Management Activities 

Boeing has operated at the site since 1956. Prior to October 1980, the Military Airplane Company 
Division of Boeing operated the facility. After October 1980, the DC began operations, with 
management transferring to the Boeing Advanced Systems Company Division in November 1987. The 
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DC was separated from the Military Flight Center (now known as the Military Delivery Center) as part 
of a reorganization effort in 1990 (SAIC 1994).  

Activities at the DC have changed over time in response to the needs of the aerospace industry. 
Activities that have occurred at the DC facility consist of research and development programs 
including the Bomarc missile, Minuteman Intercontinental Ballistic Missile, Supersonic Transport, 
YC-14 short takeoff/ landing transport, YF-22 fighter prototype, and the Boeing Joint Strike Fighter 
candidate. Manufacturing activities have included significant portions of the B-2 stealth bomber and 
military variants of Boeing commercial jets (Boeing 2009). Past manufacturing operations included 
machining of metal aircraft hardware, electroplating, chemical milling, conversion coating, painting, 
parts cleaning, and assembly. Experimental manufacturing shops and research laboratories were used 
to investigate production aspects of materials and processes for manufacturing. There were also 
laboratories to investigate metals technology and electronics sciences (SAIC 1994). 

Boeing operated the DC as a Dangerous Waste Management Facility on or after November 19, 1980. 
Boeing first notified the EPA of dangerous waste management activities in August 1980, including a 
list of dangerous waste codes managed. Since the first notification, Boeing has revised its Dangerous 
Waste Activity Notification six times and added additional waste codes (Ecology 2019a). The following 
dangerous wastes have been managed by Boeing at the DC: 

Waste Code(s) Description 

F001 and F002 Halogenated solvents 

F003 and F005 Non-halogenated solvents 

F007, F008, and F009 Cyanide from electroplating operations 

F017 Paint residues 

D000 Toxic chemicals listed in WAC 173-303-090(8) 

D001 Ignitable 

D002 Corrosive 

D003 Reactive 

D005 Barium 

D006 Cadmium 

D007 Chromium 

D008 Lead 

D009 Mercury 

D010 Selenium 

D011 Silver 

D018 Benzene 
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Waste Code(s) Description 

D026 Cresol 

D035 Methyl ethyl ketone 

D039 Tetrachloroethene (PCE) 

W001 Polychlorinated biphenyls (PCBs) 

WL01 and WL02 Lab pack (i.e., assorted laboratory waste chemicals) 

WT01 and WT02 State-only toxic wastes 

WC01 and WC02 State-only carcinogenic wastes 

WP01 and WP02 State-only halogenated organic wastes 

U075 Dichlorodifluoromethane 

Revisions of the dangerous waste notification also reported approximately 2.5 million pounds of 
dangerous wastes generated at the DC as of 1988 and approximately 30 million pounds of 
contaminated groundwater as of 1994 (Ecology 2019a).  

In November 1980, Boeing submitted Part A of its Dangerous Waste Management Facility RCRA 
permit application to the EPA. Boeing originally identified itself as managing six wastes (F001, F002, 
F003, F005, F007, and F009) at the DC. It reported managing 660,000 pounds of hazardous waste per 
year and the capacity to store 27,000 gallons of waste in containers and tanks (Ecology 2019a). Boeing 
has amended Part A of the RCRA permit three times since 1980: 

• April 1985: Increased the annual waste quantity generated at the DC to 1,017,000 pounds. 

• April 1988: Decreased the annual waste quantity generated at the DC to 488,000 pounds and 
tank storage was removed from the facility storage capacity. 

• 2002: Updated the property boundary after the northeast corner parcel was transferred to 
the King County Museum of Flight. 

Interim status storage container storage areas in Buildings 9-50, 9-60, and 9-69/70 and an 
aboveground storage tank (AST) near Building 9-101 were properly closed according to RCRA 
requirements; Ecology accepted the final closure certification in September 1997 (Ecology 1997).  

The DC currently operates as a large quantity generator because all RCRA treatment, storage, and 
disposal units have been closed since 1997. However, the facility’s interim status as a Dangerous 
Waste Management Facility will not be terminated until RCRA corrective action is completed, per the 
Agreed Order signed July 23, 2019 (Ecology 2019a).  
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3.0 PREVIOUS EVALUATIONS, INVESTIGATIONS, AND CLEANUPS 
Various evaluations, environmental investigations, and remedial actions have been conducted at the 
site to characterize and evaluate the presence and extent of contamination in soil, groundwater, and 
air, as well as to address specific releases. The following sections briefly describe previous site 
evaluations, environmental investigations, and remedial actions; references within each section 
provide more detail. Historical analytical data are provided as tables in Appendices D through G. 
Historical groundwater elevations are provided as a table in Appendix H. A summary of construction 
details for site monitoring wells is provided as a table in Appendix I. Investigation and cleanup areas 
are presented on Figures 3 through 14, as referenced in the following sections.  

Prior evaluations, investigations, and interim actions began as early as 1984 prior to the RCRA Facility 
Assessment (RFA) and will continue through approval of this work plan. Interim actions as described in 
the IAWP are ongoing in three areas. Additional investigation will be performed as described in 
Section 6.0. 

3.1 RCRA Facility Assessment 
An RFA was performed by SAIC in 1994 in order to identify releases, identify and evaluate SWMUs and 
AOCs, determine the need for further investigation or interim actions, and eliminate SWMUs and 
AOCs that do not pose a threat to human health or the environment from further investigation. The 
three steps of the RFA included preliminary review of existing files and information, a visual site 
inspection to confirm existing information and/or gain new information about past or present 
releases, and a data gaps investigation, if necessary, to obtain additional field and analytical data 
(SAIC 1994).  

The RFA identified 157 SWMUs and five AOCs at the DC, which are described in detail in the RFA 
report (SAIC 1994).  

3.2 Evaluation of RFA Findings 
In 2002, LAI prepared a summary report on the historical corrective actions performed at the DC and 
evaluated the need for further action at SWMUs and AOCs identified in the RFA (Summary Report; LAI 
2002b). The Summary Report evaluated each SWMU and AOC and determined that the majority of the 
SWMUs could be excluded from further investigation based on a determination that they do not pose 
a threat to human health or the environment (LAI 2002b). It was demonstrated that all of the original 
SWMUs and AOCs required no further action, with the exception of five AOCs and eight SWMUs.  

Based on the findings of the RFA, the evaluation performed by LAI, and other available information, 
Ecology identified four SWMUs and five AOCs for further action. Per the Agreed Order (No. DE 16275) 
and as agreed to during the RI Planning Meeting on August 6, 2019, the following areas will be the 
focus of the RI: 
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• AOC-01/02, former fuel underground storage tanks (USTs) 

• AOC-03/04, former No. 5 fuel oil USTs 

• AOC-05, former unleaded gasoline UST 

• SWMU-16, former regulated materials storage area 

• SWMU-17, former sump and USTs 

• SWMU-20, former degreaser pit 

• SWMU-43, stormwater sewer system 

• Gate J-28/Museum of Flight. 

In addition to the areas listed above, the potential to contaminate or re-contaminate LDW sediments 
must be evaluated by analyzing the pathways of groundwater discharges/seeps and soil erosion 
(Ecology 2019a). 

The locations of these investigation areas are presented on Figure 3. Site features and activities at the 
SWMUs and AOCs are described in detail in the Summary Report (LAI 2002b) and described briefly in 
the following sections. Pertinent activities related to the other areas or media of investigation is also 
described in the following sections. 

3.3 Previous Investigations and Cleanups by Area 
This section describes investigations and interim action cleanups that have been performed at the 
four SWMUs and five AOCs identified in the Agreed Order (No. DE 16275). Three other investigation 
areas not directly related to an AOC or SWMU are also discussed. Interim action cleanup and 
monitoring is ongoing at three areas at the DC facility, as summarized below. Data gaps are noted in 
the following sections, with the details of proposed additional investigation presented in Section 6.0. 
All investigations and cleanups performed prior to this work plan are summarized in Table 1, and each 
area’s location within the DC facility is presented on Figure 3.  

3.3.1 AOC-01/02: Former Fuel USTs 

AOC-01/02 consists of two steel USTs (DC-18 and DC-19) located near Building 9-52 and are part of a 
fueling station that services Boeing vehicles and other equipment (Figure 4). The current tanks were 
installed in June 1990 to replace the original tanks after a leak was discovered. The original USTs were 
installed in 1985 and used to store unleaded gasoline (DC-14) and diesel fuel (DC-13). During a tank 
tightness test in April 1990, it was discovered that DC-14 was leaking, possibly as a result of an 
improperly-attached fill pipe. Both of the original USTs were decommissioned and removed, and the 
surrounding soil was excavated until soil at the base of the excavation met MTCA Method A cleanup 
criteria. The original USTs were subsequently replaced (LAI 2002b).  

During and after excavation, 31 soil samples and one groundwater sample were collected and 
analyzed for total petroleum hydrocarbons (TPH) and benzene, toluene, ethylbenzene, xylenes (BTEX; 
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LAI 1990b). TPH was not detected in the soil samples; BTEX was detected but concentrations were 
below preliminary screening levels used in the Summary Report. TPH and BTEX were both detected in 
the groundwater sample, but concentrations were below preliminary screening levels (LAI 2002b). 
Analytical results from excavation perimeter sidewalls that represent soil quality of the maximum 
extent of excavation are presented in Appendix F. The one groundwater grab sample (DC952W2) 
collected from the bottom of the excavation is presented in Appendix D.  

Floating product was not observed during excavation, but foam was present. To evaluate the potential 
presence of floating product and impacts to groundwater in the vicinity of USTs DC-13 and DC-14, 
three shallow monitoring wells were installed upgradient (DC-9-52-1) and downgradient (DC-9-52-2 
and DC-9-52-3) of the suspected source in 1991 (Figure 4; LAI 2002b). The three monitoring wells 
were sampled periodically from 1991 to 1995, approximately annually from 1997 to 2000, and 
semiannually from 2001 to 2002 (Appendix D). Samples were analyzed for BTEX, diesel-range total 
petroleum hydrocarbons (TPH-D), gasoline-range total petroleum hydrocarbons (TPH-G), PCBs, and 
metals. Only TPH-D, cadmium, and copper were ever detected above preliminary screening levels in 
groundwater. In December 2000, TPH-D was detected above the preliminary screening level in two 
wells (DC-9-52-1 and DC-9-52-3), but concentrations decreased to below the screening level by 
December 2001. The Summary Report (LAI 2002b) indicated that semiannual sampling in AOC-01/02 
would continue until TPH-D, TPH-G, and BTEX concentrations at all three wells remained below the 
detection limit for two consecutive monitoring events. Sampling in AOC-01/02 was discontinued in 
2002 after achieving the required results. Ecology concurred that the monitoring requirements had 
been met and no further groundwater monitoring or other action was required in this area (Ecology 
2002). 

Additional investigation of soil and groundwater at AOC-01/02 will be performed to confirm that no 
further action is necessary. New data collected will determine if contaminants related to the leaking 
USTs remain below screening levels and/or detection limits in both media. A summary of the 
proposed additional investigation is discussed in Section 6.0. 

3.3.2 AOC-03/04: Former No. 5 Oil USTs 

AOC-03/04 consists of two 20,000-gallon double-wall composite USTs (DC-20 and DC-21) located near 
Buildings 9-90 and 9-94 (Figure 3). Current USTs replaced the original 20,000-gallon USTs (DC-03 and 
DC-04), which were installed in 1957. USTs store No. 5 fuel oil used by a steam plant in Building 9-50. 
Soil conditions outside of the two original USTs were evaluated in 1985; there was no evidence of a 
release of petroleum hydrocarbons. However, during a tank tightness test in 1991, it was discovered 
that the westernmost of the original tanks was leaking. Both original USTs were removed and 
replaced in 1992 (Figure 5; LAI 2002b).  

Upon removal of the original USTs, several holes were noted near the bottom of both tanks. 
Approximately 250 cubic yards of petroleum hydrocarbon-contaminated soil and 200–500 gallons of 
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free product were removed from the excavation during tank removal. A small area of soil remained at 
the base of the excavation with concentrations of petroleum hydrocarbons above the preliminary soil 
screening level; soil contamination at the bottom of the excavation was not removed because it was 
beyond the reach of the excavating equipment, was below the water table, and the affected area was 
relatively small. Further soil removal was deemed unnecessary because of the relative immobility of 
the fuel oil (LAI 2002b).  

One monitoring well (MW-21A) was installed in 1992 in the vicinity of the two USTs (Figure 5). TPH 
was not detected in soil and groundwater samples collected during installation (Appendix D and 
Appendix F). A second monitoring well (MW-21C) was installed in 2001 (Figure 5). Periodic sampling at 
MW-21A began in 1992 and semiannual sampling at both wells began in 2001; samples were analyzed 
for volatile organic compounds (VOCs) and TPH-D (Appendix D). In 2002, following four semiannual 
events in 2001 and 2002 in which TPH-D and oil-range total petroleum hydrocarbons (TPH-O) were 
not detected at these wells, sampling was discontinued in AOC-03/04 with a document of notification 
provided to Ecology (Boeing 2003).  

Additional investigation of soil and groundwater will be performed in AOC-03/04 to confirm that 
further action is not necessary. Results of the investigation will determine if contaminants related to 
the leaking USTs remain below screening levels and/or detection limits in both media. A summary of 
the proposed additional investigation is discussed in Section 6.0. 

3.3.3 AOC-05: Former Unleaded Gasoline UST 

AOC-05 was a 1,000-gallon unleaded gasoline UST (DC-01) located south of Buildings 9-60 and 9-61 
(Figure 3). The UST was removed in 1985 after a measuring rod punctured the bottom of the tank and 
released approximately 830 gallons of gasoline to the surrounding soil and groundwater (LAI 2002b). 
When the UST was removed, approximately 500–600 gallons of floating product were removed from 
the excavation. Additional contamination was removed in excavated soil. 

Groundwater sampling from direct push borings (SB-7 through SB-12) in 2001 indicated TPH-G and 
BTEX contamination in the vicinity of the former UST (Figure 6; Appendix D). Four monitoring wells 
(BDC-101 through BDC-104) were installed in 2001 (Figure 6; Appendix D). An initial attempt to 
stimulate aerobic biotreatment of residual contamination was unsuccessful; an evaluation of aquifer 
reduction-oxidation (redox) conditions suggested that an anaerobic approach would be more effective 
(LAI 2006a). Pilot testing and full-scale anaerobic bioremediation efforts since 2007 have been more 
successful at treating remaining contamination in the vicinity of the former AOC-05 UST (LAI 2019a).  

Investigation and interim action cleanup and groundwater monitoring activities continue to be 
performed in AOC-05 and are reported semiannually. These activities are described in detail in the 
IAWP (LAI 2019a). Historical soil data is not available; further investigation of soil at AOC-05 will be 
performed to determine if soil is a media of concern and requires action. A summary of the proposed 
additional investigation is discussed in Section 6.0. 
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3.3.4 SWMU-16: Former Regulated Materials Storage Area 

SWMU-16 is a former regulated materials storage area located in and near former Building 9-69/70 
(Figure 3). This waste management unit handled regulated waste that was generated throughout the 
DC facility from 1979 to 1992. Building 9-69/70 consisted of six container storage bays that were used 
to segregate flammables, corrosives, and other materials. This area was also used to store lead acid 
batteries. The container storage bays were enclosed by curbs, metal walls, and a post-supported 
canopy roof. A strip drain ran across the front of each bay, which emptied into an oil/water separator 
(SWMU-35; LAI 2002b).  

Ecology approved a RCRA Closure Plan for Building 9-69/70 in 1993, and the building structures were 
removed in 1996. Samples of the concrete slab, surface soil, and subsurface soil were collected and 
analyzed for VOCs, semi-volatile organic compounds (SVOCs), total PCBs, and priority pollutant 
metals; this data is not available. All four categories of compounds were detected in soil samples. 
Total PCBs in soil beneath the concrete slab exceeded MTCA Method A CULs and lead was elevated in 
soil beneath the asphalt. Approximately 800 cubic yards of contaminated soil were excavated from 
SWMU-16 and disposed of at an approved facility (Figure 7). All concrete underlying the facility was 
also removed and disposed. Ecology approved the closure of Building 9-69/70 in 1997 (Ecology 1997).  

During the closure of Building 9-69/70, soil was excavated beyond the boundary of the waste 
management unit. PCBs were detected in a sample collected in the area beyond that boundary. 
Concentrations were below MTCA Method A CULs, but the detection prompted Ecology to request 
additional investigation in this area. The additional investigation, approved and performed in 2001, 
included sampling groundwater from six direct-push borings (SB-1 through SB-6) to evaluate whether 
PCBs detected in soil were impacting groundwater (Figure 7; Appendix D). All groundwater samples 
collected were non-detect for PCBs (LAI 2002b).  

Additional investigation of VOCs, PAHs, PCBs, and metals in soil and groundwater will be performed in 
SWMU-16 to determine if further action is necessary. Although prior investigations indicated these 
contaminants were not affecting groundwater, Ecology is requesting additional groundwater data at 
lower reporting limits and additional soil sampling because of historical soil samples. A summary of 
the proposed additional investigation is discussed in Section 6.0. 

3.3.5 SWMU-17: Former Sump and UST 

SWMU-17 is a former sump and associated 4,000-gallon steel UST used to store waste hydraulic oil 
and engine oil (Figure 3). The sump/UST system, designated DC-05, was installed to the west of 
Building 9-64 (Figure 8). Waste oil generated by hydraulic testing shops, automotive maintenance 
shops, and various other activities at the DC was poured into the sump, which drained to the UST. The 
waste oil was periodically pumped from the UST and shipped offsite for treatment and disposal (SAIC 
1994). The sump and UST were closed and removed in 1986 (LAI 2002b). 
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Soil samples collected in 1985 in the vicinity of the UST indicated that soil was impacted by 
hydrocarbons. The impacted soil prompted the installation of three monitoring wells (BDC-05-01, 
BDC-05-02, and BDC-05-03) in 1986 (Figure 8). During installation, a soil sample from the boring for 
BDC-05-02 was analyzed for VOCs and priority pollutant metals (Appendix F). The sample contained 
several VOCs and metals, but the only constituent that exceeded preliminary screening levels was 
copper. The presence of acetone, toluene, and total xylenes combined with the absence of benzene 
suggested that the observed contamination was related to non-chlorinated solvents and not 
hydrocarbons, as previously expected. A total of four additional wells (BDC-05-04 through BDC-05-07) 
were installed to further define the extent of contamination associated with the former UST. Wells 
BDC-05-01 and BDC-05-06 were later abandoned (LAI 2002b).  

Soil and groundwater sampling (Appendices D and F) through 2011 characterized the extent of 
tetrachloroethene (PCE) and trichloroethene (TCE) contamination in the vicinity and downgradient of 
the former sump and UST (Figure 9; LAI 2011). Pilot testing and full-scale bioremediation efforts since 
2008 have provided treatment of residual contamination (LAI 2019a). A total of 17 additional 
monitoring wells (BDC-05-08 through BDC-05-24) were installed during bioremediation 
implementation.  

Direct-push borings sampled in 2011 were located near Building 9-53. Data collected at direct-push 
borings located between SWMU-17 and Building 9-53 demonstrate that groundwater contamination 
does not migrate toward the building. Specifically, borings DPS17-16, DPS17-17, and DPS17-28 
(Figure 9), located along the road that separates the SWMU and the building, were non-detect for PCE 
and TCE, as well as bioremediation breakdown products cis-1,2-dichloroethene (cDCE) and vinyl 
chloride (VC; Appendix D).  

Building 9-98 is also located west-northwest of SWMU-17 and is located downgradient of the known 
contamination. However, data at wells in the immediate vicinity of the building indicate that 
groundwater VOC concentrations are all below Method C Groundwater Screening Levels for vapor 
intrusion (Ecology 2020). The maximum VC concentration in November 2019 was 2.56 micrograms per 
liter (µg/L) at well BDC-05-03 (Appendix D), which is located approximately 185 ft upgradient of 
Building 9-98. This value is well below the Method C concentration of 3.5 µg/L. Additionally, all VOC 
concentrations at the four wells immediately adjacent to Building 9-98 (BDC-05-20, BDC-05-21, BDC-
05-22, and BDC-05-23; Figure 9) were below Method C values in November 2019 (Appendix D). All 
detected groundwater VOC concentrations within SWMU-17 are also orders of magnitude lower than 
the worst case groundwater concentrations evaluated by previous indoor and ambient air sampling 
performed at the DC (Section 3.3.6.4).  

Investigation and interim action cleanup and monitoring activities continue to be performed in 
SWMU-17 and are reported semiannually. These activities are described in detail in the IAWP (LAI 
2019a). Further investigation of soil at SWMU-17 will be performed because of limited historical soil 
data and to evaluate the potential for vapor intrusion at nearby buildings. Additional data will 
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determine if soil is a media of concern and requires additional action. A summary of the proposed 
additional investigation is discussed in Section 6.0. 

3.3.6 SWMU-20: Former Degreaser Pit 

SWMU-20 is a former degreaser pit that was located in the northwest corner of Building 9-101 
(Figure 10). The concrete-lined degreaser pit and associated sumps were used from around 1956 until 
1984. The pit contained the vapor degreaser and provided containment/collection of the solvents 
(reportedly PCE and TCE) used in the degreaser. All tanks, piping, and equipment were removed when 
the degreaser pit and sumps were closed in 1984. The pit and sumps were backfilled with compacted 
sand and gravel and capped with a 10-inch-thick concrete slab. All openings through the walls and 
floors were plugged (LAI 2002b). 

Soil and groundwater sampling during three initial phases of investigation and subsequent 
groundwater monitoring confirmed chlorinated VOC contamination in the vicinity of the former 
degreaser pit. Interim action cleanup, including operation of a groundwater pump-and-treat system 
and in situ bioremediation efforts, have been effective at treating contamination.  

Investigation and interim action cleanup and groundwater monitoring activities continue to be 
performed in SWMU-20 and are reported semiannually. These activities are described in detail in the 
IAWP (LAI 2019a). Further investigation of soil will be performed at SWMU-20 and samples will be 
analyzed for VOCs for comparison to prior data and to further evaluate the potential for vapor 
intrusion. Groundwater samples will also be analyzed for naphthalene to further evaluate the source 
of naphthalene in groundwater. Additional data will determine if soil is a media of concern and 
requires further action. A summary of the proposed additional investigation is discussed in 
Section 6.0. 

3.3.6.1 Investigations, Excavation, and Monitoring 

In March 1989, Boeing began a structural improvement construction project at Building 9-101 
(Figure 10). The primary purpose of the structural improvements was to strengthen and protect the 
building against seismic disturbances. A major feature of the construction project was to install 
clusters of auger cast piles with reinforced concrete pile caps. One of the pile caps (Area 6.1 Pile Cap) 
overlapped with the location of the former degreaser pit in SWMU-20. Two subsurface environmental 
investigations were performed prior to construction (LAI 1990a). The following presents a timeline of 
construction and investigation activities: 

• June 1989: Phase I environmental site assessment (ESA) work plan was finalized. Phase I ESA 
soil quality investigation was completed. 

• August and September 1989: Phase II ESA work plan finalized and Phase II ESA field 
investigations were performed. 

• November 1989: Area 6.1 Pile Cap construction began with removal of preexisting sand 
backfill from the western portion of the former degreaser pit.  
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• November and December 1989: Concrete floor and west wall of the former pit were cored 
and sawed. 

• December 1989: Twenty auger cast piles were installed through the holes cored in the floor of 
the former degreaser pit. Exterior pavement from the construction area adjacent to the west 
wall of Building 9-101 was removed. Monitoring well MW-8A, installed during the Phase II 
ESA, was abandoned during construction because it was located within the planned extent of 
the pile cap excavation (Figure 10).  

• January 1990: Western wall of the former degreaser pit was demolished. Soil in the western 
half of the planned pile cap was excavated to a depth of approximately 10–11 ft below grade. 
A lean concrete slab with openings for auger cast piles was poured in the bottom of the 
excavation outside of the building to provide a clean working surface below grade. 

• January to February 1990: Remaining auger cast piles were installed through the openings in 
the lean concrete slab.  

• February 1990: Reinforced concrete pile cap was poured.  

During the Phase I ESA in June 1989, sampling was performed at four test pits excavated within the 
former degreaser pit and at soil borings drilled outside of Building 9-101 along the western margin of 
the pit. Six soil samples (Test Pit 1, 2, 4 Comp and Test Pit 1; Appendix F) and one water sample (Sump 
Water; Appendix D) were collected from the test pits and analyzed for VOCs, SVOCs, select metals, 
and cyanide. Low levels of PCE, TCE, cDCE, VOCs, and metals were detected in the degreaser pit 
backfill. PCE, TCE, and cDCE concentrations in the water sample within the former pit were elevated. 
Soil samples (Bldg 9-101-1 through Bldg 9-101-5; Appendix F) were also collected from the five 
borings outside of Building 9-101. Three of the borings were drilled at an angle such that the soil 
samples were collected beneath the floor of the pit. PCE, TCE, VC, and total PAHs were elevated in the 
samples. Other VOCs and SVOCs were detected, but at low concentrations (LAI 1990a). The five 
Phase I soil borings are within the extent of the excavation for pile cap construction, as shown on 
Figure 10.  

The findings of the Phase I ESA prompted the Phase II ESA in August 1989, which consisted of 
installing and sampling 24 groundwater monitoring wells, sampling soil at 11 of the new monitoring 
well boreholes, and measuring groundwater elevations. The 65 soil samples collected during the 
Phase II ESA (Appendix F) and groundwater samples from the new wells (Appendix D) confirmed the 
presence of chlorinated VOCs in soil and groundwater beneath, and adjacent to, the former degreaser 
pit (LAI 1990a).   

Approximately 1,448 tons of potentially contaminated soil and concrete rubble were generated during 
pile cap excavation and construction in 1989 and 1990 (LAI 1990a). The extent of excavation for 
construction is presented on Figure 10. Waste soil and rubble included fill removed from inside of the 
western portion of the former degreaser pit, soil and concrete grout generated from pile installation, 
concrete rubble from demolishing the west wall of the former pit and from coring holes, and soil 
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removed from outside the west wall of Building 9-101. Soil was segregated and sampled before 
disposal at appropriate waste facilities (LAI 1990a).  

A Phase III ESA was performed in February 1991 in order to define the downgradient limits of various 
VOCs in SWMU-20 soil and groundwater. Additional soil sampling for VOCs was performed at borings 
for 13 new monitoring wells installed during the Phase III ESA (Appendix F). Groundwater samples 
were collected from the 24 existing monitoring wells and the 13 new monitoring wells and analyzed 
for VOCs (Figure 10; Appendix D). Sampling established the approximate downgradient extent and 
vertical distribution of VOC contamination in SWMU-20 groundwater (LAI 1992). 

ESAs and subsequent investigations confirmed the presence of chlorinated VOCs in soil and 
groundwater. The former degreaser pit was the suspected source of the solvent release. The most 
frequently detected compounds in soil were PCE, TCE, cDCE, and VC. Frequently detected compounds 
in groundwater included benzene, PCE, TCE, cDCE, VC, and naphthalene. Concentrations of PCE, TCE, 
and cDCE in groundwater were greatest in the shallow groundwater (6.5–21.5 ft below ground surface 
[bgs]) and near the former degreaser pit. Concentrations generally decreased in the direction of 
groundwater flow (west) away from the former degreaser pit and generally decreased with depth (LAI 
2002b). Monitoring well MW-8A was decommissioned in December 1989; wells MW-18A, MW-18C, 
and MW 18D were decommissioned in July 1992 and reinstalled in October 1992 (LAI 1992). Two 
additional wells (MW-22A and MW-23A) were added in 2005 to confirm the downgradient extent of 
the groundwater plume (Figure 10; Appendix D). 

Quarterly to semiannual monitoring began in January 1994. Sampling reductions were approved by 
Ecology in 2010 and 2015. Originally, 29 of the existing monitoring wells in SWMU-20 were regularly 
sampled. The 2010 sampling reduction discontinued semiannual monitoring at 11 of the 29 wells 
where VOCs of concern (PCE, TCE, cDCE, and VC) had been below reporting limits for 2 years or more 
(LAI 2010). Monitoring continued at 18 wells in SWMU-20 until 2015, when a second sampling 
reduction discontinued semiannual monitoring at four of the 18 remaining wells. The 14 wells 
retained for ongoing sampling were all wells where PCE, TCE, or VC was detected at a concentration of 
more than half of the previously proposed CULs in May 2014 or were of continued interest for 
Ecology. Semiannual monitoring at these 14 wells is ongoing to evaluate continued monitored natural 
attenuation (MNA) in SWMU-20 (LAI 2015a, b). Wells not included in the current monitoring program 
have not been decommissioned. 

3.3.6.2 Interim Actions for Groundwater Contamination 

Interim action groundwater treatment in SWMU-20 has consisted of groundwater pump-and-treat 
followed by in situ bioremediation. These interim actions are described below. 

After completion of the previously described ESA soil and groundwater investigations, a groundwater 
pump-and-treat system was installed. The system was designed to prevent further contaminant 
migration and for VOC mass removal. The treatment system, consisting of two extraction wells (E-1 
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and E-2; Figure 10) and a sieve tray aerating treatment system, operated from fall 1993 to December 
2001 (approximately 8 years). The system was shut down in December 2001 to allow the groundwater 
to equilibrate for evaluation of potential rebound and for evaluation of natural attenuation as a 
remedial alternative to achieve the previously proposed CULs (LAI 2004b). 

Substantial contaminant concentration rebound was observed within 2 years following the shutdown 
of the groundwater treatment system. Enhanced reductive dechlorination through electron donor 
amendment (i.e., bioremediation) was recommended to address the rebound in VOC concentrations 
observed following groundwater treatment system shutdown (LAI 2002b). 

The groundwater treatment system was not restarted and was decommissioned in June 2014. Ecology 
agreed that the treatment system was not likely to be needed in the future because of effective 
treatment via bioremediation. The air stripper was relocated to another Boeing site for reuse. 
Submersible pumps were removed from extraction wells and system piping was disconnected and 
capped. The treatment building remained at the site for future use or later removal (LAI 2014). 

In situ bioremediation has been stimulated through a series of five electron donor injection events. 
Bioremediation has targeted contaminant concentrations near the former degreaser, downgradient, 
and at peripheral wells not affected by earlier injections. Iterative full-scale bioremediation was 
implemented without pilot testing. These injections are described in detail in the IAWP (LAI 2019a).  

It is anticipated that the 12-year period of bioremediation injections followed by a period of MNA will 
result in VOC concentrations that meet interim action cleanup objectives at all SWMU‐20 monitoring 
wells.  

3.3.6.3 Continued Naphthalene Detections 

Naphthalene was detected in groundwater during ESAs in SWMU-20 and has been detected in 
samples collected during regular groundwater monitoring since 1996. Recent naphthalene detections 
are comparable to historical data, but one regularly sampled monitoring well (MW-22A) continues to 
exceed the previously proposed CUL. Ecology has requested additional investigation into the source of 
this naphthalene in SWMU-20 groundwater.  

The most prominent historical increases in naphthalene concentrations occurred at two monitoring 
wells near the former degreaser (MW-8C and MW-15A) in the northwest corner of Building 9-101 
between 1998 and 2009 (Figure 10). A plot of naphthalene concentrations over time is presented on 
Figure 11. The maximum naphthalene concentration was 1,721 µg/L at monitoring well MW 15A. 
Naphthalene concentrations have exceeded the previously proposed CUL (26 µg/L) in every sample 
collected at both MW-8C and MW-15A since 1996 (Table 2). 

As part of two Ecology-approved sampling reductions in SWMU-20, monitoring at MW-8C ceased in 
November 2009 and monitoring at MW-15A ceased in November 2014 (LAI 2010, 2015a). At the 



 Landau Associates 

Final Remedial Investigation Work Plan  0025093.120.012 
Boeing Developmental Center 3-11 January 27, 2021 

monitoring wells still sampled in this area, naphthalene continues to be detected at two wells near 
the former degreaser (MW-9A and MW-13C) and one well slightly downgradient of the former 
degreaser (MW-22A; Figure 11, Table 2).  

Naphthalene concentrations at downgradient well MW-22A have exceeded the previously proposed 
CUL and have generally been increasing since November 2016 (Table 2). It is the only well sampled 
during regular groundwater monitoring in SWMU-20 that still exceeds the previously proposed CUL at 
a concentration of 783 µg/L. Regular groundwater monitoring for naphthalene continues at 14 wells 
in and near SWMU-20. 

The source of the naphthalene has not been confirmed. Additional investigation will include soil 
sampling for naphthalene and other VOCs to determine if an unknown soil source has also affected 
soil in SWMU-20, or if there is another possible source present. A summary of the proposed additional 
investigation is discussed in Section 6.0. 

3.3.6.4 Indoor Air Evaluation and Sampling 

Indoor air evaluations were performed in the vicinity of SWMU-20 using the Johnson-Ettinger model 
to estimate potential human health risks associated with exposure to indoor air because of VOCs in 
the underlying shallow groundwater. These evaluations were performed for Building 9-101, which 
overlies the source, and Building 9-90, located hydraulically downgradient of the source (Figure 10). 
The initial model run concluded that the associated risk levels for occupational inhalation of 
potentially impacted indoor air were at, or below, the regulatory criteria (LAI 2005a). Further 
evaluation of indoor air followed increased VC concentrations in groundwater at MW-14A in October 
2004 (650 µg/L) resulting from initial source bioremediation (LAI 2005a). Well MW-14A is located 
immediately upgradient of Building 9-90 (Figure 10). Recognizing that ongoing SMWU-20 source zone 
treatment (i.e., bioremediation injections) could result in higher VC concentrations at downgradient 
well MW-14A, the model was run to identify the threshold average groundwater VC concentration 
beneath Building 9-90. Above this threshold, a potential would exist for unacceptable risks to human 
health from inhalation of indoor air. The model output estimated that the threshold VC groundwater 
concentration protective of human health was 43 µg/L. Ecology comments to this additional 
evaluation and a VC detection as high as 1,000 µg/L at MW-14A resulted in indoor air sampling in 
Building 9-90, located downgradient of the Building 9-101 source (LAI 2005b). 

Three indoor air samples were collected in January 2006 in the north portion of Building 9-90 and 
along the estimated centerline of the VOC groundwater plume in order to characterize potential 
vapor intrusion (Appendix G). A concurrent ambient air sample was collected outdoors near ground 
level to assess possible background contributions to any indoor air detections. Low levels of PCE and 
TCE were detected in all three indoor air samples and in the outdoor ambient air sample. cDCE and VC 
were not detected in any sample. The detected concentrations of corrected indoor air results for PCE 
and TCE were below the MTCA Method B CULs (LAI 2006b). Additionally, indoor and ambient air 
samples were approximately equivalent, suggesting that indoor air concentrations were the result of 
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the ambient air concentrations. These indoor air samples are representative of worst-case 
groundwater conditions for VC, as the all-time maximum VC concentration of 1,000 µg/L was detected 
at MW-14A in February 2005. Since the February 2005 bioremediation injection at MW-14A (third 
injection), VC concentrations in groundwater at MW-14A have been low to non-detect. Any 
subsequent detections of VC have been well below both the 43-µg/L estimated threshold value and 
the 650–1,000 µg/L range of detections that occurred just before and after collection of the indoor 
samples (LAI 2019b). All groundwater results for SWMU-20 wells were below the worst-case condition 
evaluated in 2006 and below the Method C Groundwater Screening Level for vapor intrusion for VC 
(3.5 µg/L; Ecology 2020) as of November 2019 (Appendix D). This includes wells inside, and in the 
immediate vicinity of, Building 9-101. 

3.3.7 SWMU-43: Stormwater Sewer System 

The stormwater sewer system at the DC was designated as SWMU-43. The stormwater system 
currently consists of storm drain lines, 12 oil/water separators, and 18 active stormwater outfalls 
(DC1, DC2, and DC4 through DC19) that drain to the LDW (Boeing 2020). The outfall pipe DC3 was 
plugged in 2018 as part of facility stormwater management and treatment improvements. The DC 
stormwater sewer system has been in operation since 1956 and has undergone many modifications 
(SAIC 1994). A stormwater system map of current conditions is presented on Figure 12. Seventeen of 
the 18 outfalls are exclusively private Boeing outfalls that convey stormwater runoff from roof drains 
and from catch basins in paved and landscaped areas of the DC (Boeing 2020, Ecology 2019a). Outfall 
DC1 discharges water from the parking lot at the south end of the DC, but also receives offsite runoff 
from the Norfolk storm drain system, overflows from the King County combined sewer system, and 
emergency overflows from a Seattle Public Utilities pump station. The offsite flow to DC1 is identified 
as Norfolk combined sewer overflow storm drain (CSO/SD).  

Several investigations related to the stormwater sewer system have been performed since 2000. 
Stormwater solids, LDW sediment, and whole water sampling indicated that PCBs originating at the 
DC had the potential to enter the stormwater system and reach the LDW. In past years, Boeing has 
installed stormwater treatment improvements to remove stormwater potential contaminants of 
concern (PCOCs), including suspended solids and associated PCBs.    

Reported investigations and studies, as well as storm drain cleaning and treatment activities, are 
summarized in following sections. Per Ecology’s request, previous sediment investigation data for DC 
outfalls are included in Appendix K. Further investigation of soil and groundwater near stormwater 
features will be performed during the RI to determine if potentially contaminated stormwater is 
impacting other site media or if potentially contaminated groundwater is impacting stormwater. A 
summary of the proposed additional investigation is discussed in Section 6.0. 
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3.3.7.1 Solids Investigation and System Cleanout 

Sampling of solids from the stormwater sewer system and of building materials suspected of being 
sources of contaminants have been performed at the DC. In 2000, storm drain solids from the south 
storm drain (i.e., DC2) and building materials used within the drainage area (i.e., Area 2) were 
sampled (Figure 3). PCBs, and more specifically Aroclor 1254, were detected at concentrations up to 
1,100 milligrams per kilogram (mg/kg) in solid samples from manholes and catch basins located 
upstream of the DC2 outfall. Building materials sampled included caulk, roofing, tar sealant, asphalt 
sealant, and felt in sidewalk joints. PCBs were detected in several materials: Aroclor 1254 was 
detected in “newer joint sealant caulk,” Aroclor 1260 was detected in “older black tar like material,” 
and Aroclor 1248 was detected in roofing materials at Building 9-101 (Project Performance 
Corporation [PPC] 2001; Appendix J). Sampling for PCBs was also performed in 2002 at oil/water 
separators throughout the DC. Total PCBs were detected in both solids samples and water samples 
(Appendix J).  

After PCBs were detected in sediment near the southern storm drain outfall (DC2), stormwater lines 
were cleaned in August 2002 as part of comprehensive source control program conducted by Boeing 
at the DC. Sampling showed that significant concentrations of PCBs were only present in residual scum 
and solids present in the stormwater lines. Approximately 500 ft of 24-inch concrete storm drain line 
were cleaned using a high-pressure jet rodding technique. Some areas of the south storm drain line 
beneath Building 9-101 were inaccessible for cleaning (LAI 2004a). Wastewater generated during 
cleaning was stored in a poly tank, and three samples of solids were collected from the bottom of the 
tank. Aroclor 1248 was detected in the tank bottom samples at a maximum concentration of 
2,800 mg/kg (PPC 2002). 

Because sections of stormwater line under Building 9-101 connected to outfall DC2 were inaccessible 
during the 2002 cleaning work, actions were taken to trap PCB-contaminated residual solids from 
those sections before it could migrate to the storm drain outfall. As a part of those efforts, options for 
stormwater treatment were evaluated. An underground stormwater sedimentation basin that also 
acts as an oil/water separator was selected as the preferred treatment method. A Vortechs® 9000 unit 
(stormwater treatment vault) was installed in the southern storm drain line upstream of Outfall DC2 
in 2003 (the oil/water separator symbol shown upstream of 2.18M on Figure 12). Sections of the 
stormwater line around the vault were cleaned before and after installation of the Vortechs® unit 
using the same pressure jetting techniques used during the August 2002 cleaning work. Wastewater 
and solids generated during the 2003 cleanout were collected and removed by vacuum truck (LAI 
2004a).  

Stormwater solids samples have been collected upstream and downstream of the Vortechs unit in the 
south storm drain system. Samples were analyzed for PCBs to monitor concentrations in this area. 
Vortechs unit solids samples from 2016 and 2017 contained PCBs, metals, polycyclic aromatic 
hydrocarbons (PAHs), and petroleum hydrocarbons (Appendix J). Additional samples have been 
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collected near Building 9-101 to determine the source of elevated PCB concentrations in the sediment 
trap samples. A wipe sample and several solids samples from the Building 9-101 roof drains contained 
PCBs. Samples from passive filter bags installed upstream and downstream of the sediment trap also 
contained PCBs (Appendix J).  

3.3.7.2 Lateral Loading Study 

A lateral loading study was performed for the LDW during the 2010 and 2011 wet seasons to measure 
contaminant concentrations associated with stormwater discharges and to estimate lateral 
contaminant loadings from four significant stormwater outfalls that drain to the LDW. The study also 
identified PCOCs with the potential to contaminate LDW sediments (SAIC and NewFields 2011). 

Two outfalls that were part of the lateral loading study are associated with stormwater and surface 
runoff from the DC facility: DC12 (King County outfall #2088), which exclusively drains Boeing 
property, and DC1 (King County outfall #2095), which includes the offsite Norfolk CSO/SD. Both 
outfalls are shown on Figures 3 and 12. Study results are as follows: 

• The DC12 outfall receives runoff from a central portion of the DC, with a 13-acre drainage 
basin that includes buildings, parking lots, and a small green belt. Whole water (storm flow) 
samples collected upstream of the outfall contained PCBs, metals, PAHs, and polybrominated 
diphenyl ethers (PBDEs). Filtered solids samples contained PCBs, metals, PAHs, and 
dioxins/furans. Sediment trap solids samples contained only PAHs at this sampling location 
(Appendix J). 

• Outfall DC1 discharges stormwater from the parking lot at the south end of the DC and offsite 
flow from the Norfolk CSO/SD. The Norfolk CSO receives runoff from the Norfolk storm drain 
system and overflows from the King County combined sewer system, as well as emergency 
overflows from a Seattle Public Utilities pump station. The 770-acre drainage basin for the 
CSO/SD includes residential and industrial properties in the Beacon Hill neighborhood and 
industrial properties adjacent to the DC. The capacity of the combined sewer system may be 
exceeded during periods of heavy rainfall, which can result in the discharge of untreated 
human and industrial waste from the CSO/SD into the LDW. Whole water samples (storm flow 
and base flow) collected upstream of the CSO/SD, and not associated with Boeing activities, 
contained PCBs, metals, PAHs, and PBDEs. Sediment trap samples contained dioxins/furans, 
PAHs, and PBDEs (Appendix J).  

3.3.7.3 PCB Source-Tracing Study 

In 2014 and 2015, Ecology conducted a National Pollutant Discharge Elimination System (NPDES) 
Inspection Sampling Support study in the LDW. The DC was included in the study and Ecology 
collected six water samples and four solids samples from the stormwater system (Appendix J). To 
further evaluate the results of the Ecology study and to collect and analyze stormwater solids in 
accordance with the requirements of the Industrial Stormwater General Permit (ISGP), a PCB source-
tracing study was performed for the DC by CALIBRE Systems, Inc. (CALIBRE) in 2016. The results of the 
study confirmed that two manholes (MH-10.9 and MH-9.66) and two oil/water separators (OWS2 and 
OWS5) had detectible concentrations of PCBs (Appendix J).  
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3.3.7.4 Industrial Stormwater General Permit 

Ecology issued an Administrative Order No. 14012 for the ISGP (No. WAR-000146) at the DC in 
February 2017. Administrative Order No. 14012 required Boeing to revise and resubmit the 
stormwater pollution prevention plan (SWPPP), submit an Engineering Report, and implement the 
revised SWPPP (including approved best management practices [BMPs] for treatment). Boeing 
submitted the revised SWPPP and the Engineering Report (LAI 2017) in June 2017. The SWPPP was 
further revised in October 2017, December 2017, April 2018, and January 2020 (Boeing 2020). 
Treatment BMPs specified in the Engineering Report were installed by December 2017. Selected 
treatment technologies included installation of CleanWay Storm Clean® catch basin filters with 
MetalZorb™ metal removal media (CleanWay filters), installation of MetalZorb media in mesh bags as 
filters in select site drainage structures, bulk installation of MetalZorb media in an oil/water 
separator, and installation of a mixed-media roof drain filtration unit (Figure 12; LAI 2017).  

Agreed Order No. 15600 for the ISGP (No. WAR-000146) was issued by Ecology for the DC in 
December 2017. Agreed Order No. 15600 required Boeing to increase the frequency of stormwater 
monitoring, sample at eight additional outfalls, analyze samples for TPH and PCBs, and implement 
advanced treatment (Ecology 2019a). Available stormwater and stormwater solids sampling data is 
presented in Appendix J.  

The SWPPP for the DC is a living document; it has been updated several times since the revision and 
resubmittal was mandated by Administrative Order No. 14012 in February 2017. Additional revisions 
have been made over the years in response to Agreed Order No. 15600 requirements, to document 
changes in sampling, or to document other site changes. The most recent SWPPP revision was made 
in January 2020 (Boeing 2020). 

3.3.7.5 Advanced Stormwater Treatment 

An Engineering Report for Advanced Stormwater Treatment at the DC was prepared in September 
2018 (Geosyntec 2018). It evaluated treatment alternatives, proposed a treatment option, and 
described the selected treatment processes, operations, and expected results. The selected advanced 
treatment option was centralized vegetated media filter basins with engineered media. The media 
basins will consist of a lined filter basin containing vegetation for bioretention of contaminants and 
layers of engineered media, pea gravel, and large gravel for filtration of stormwater. Stormwater 
flows into the basin from an inflow pipe, contaminants and particles are filtered by the media and 
vegetation, and filtered stormwater exits at an outfall pipe to be directed to an existing outfall.  

Four centralized media filter basins were selected to provide advanced stormwater treatment in a 
total of 16 of the 19 drainage areas. Consolidation of the 16 drainage areas into four areas (DC-2N, 
DC-5N, DC-9N, and DC-12N) is proposed; combined flows would discharge from outfalls DC2, DC5, 
DC9, and DC12, and most of the remaining outfalls would be decommissioned. Modeling indicated 
that consolidated drainage areas could handle flows from a large storm event. Design details of the 
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media filter basins, new conveyance lines and connections, new pump stations, and more are 
provided in the Advanced Stormwater Treatment report (Geosyntec 2018).  

The following presents a tentative schedule for treatment system installation: 

• 2021: Complete area DC-5N. 

• 2022: Complete area DC-2N. 

• 2023: Complete area DC-9N. 

• 2024: Complete area DC-12N. 

3.3.8 Gate J-28/Museum of Flight 

The current location of the Museum of Flight West Campus was previously the Gate J-28 entrance to 
the DC facility and the location of former Building 9-04 (Figure 3). This portion of the DC (the 
northeast corner parcel of the facility) was transferred to the museum for the development of the 
West Campus of the Museum of Flight in 2002 (Ecology 2019a) following the site investigations 
described below.  

3.3.8.1 Survey and Exploration for Buried Tanks  

The north end of the DC site, including the location of current Building 9-08, Building 9-77, Slip 6, and 
a portion of the Museum of Flight is located on the property formerly known as Terminal 128. Shortly 
before Boeing purchased the Terminal 128 property, geophysical field surveys were performed to 
identify possible underground tanks at the site. The first survey was performed in December 1985 
using ground-penetrating radar (GPR), but only half of the property was accessible at the time. GPR 
identified 15 underground features; three were known tanks and the other 12 were possible tank 
locations (LAI 1986a). Geophysical surveys and inspections of the remaining accessible portions of the 
property were performed in March and April 1986. These surveys used electromagnetic (E-M) survey 
techniques; it was designed to investigate the areas of the site that were previously inaccessible and 
to refine information regarding the possible tank locations identified using GPR. The E-M survey 
discovered that the locations identified using GPR did not exhibit magnetic properties and were not 
buried tanks. Other observations ruled out the other possible locations identified with GPR. The E-M 
surveys, inspections, and a review of records concluded that there were three known tanks, six 
possible tanks, and one possible spill location on the Terminal 128 property (LAI 1986a).  

Subsurface explorations at the six possible tank locations were performed in April 1986 by a drilling 
company contracted directly through Boeing. Explorations were performed by drilling using 
continuous flight augers. Metal plates, smaller metals pieces, wire mesh, nails, cables, and other 
metallic objects were encountered; no objects resembling a tank were encountered (LAI 1986a). 

Following geophysical surveys, surface inspections, and soil explorations, only three underground 
tanks were known to exist at the Terminal 128 property. Known tanks included one, 10,000-gallon 
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diesel tank used by Dallas-Mavis trucking company and two, 500-gallon gas and diesel fuel tanks. The 
10,000-gallon tank and associated pump island were known to be in operation in 1986, but surface 
evidence at the time suggested that the two 500-gallon tanks had been removed, though no records 
of removal could be found (LAI 1986a). Prior to the transfer of property to the Museum of Flight, an 
additional investigation into the two smaller tanks was performed in March 2000. A depressed asphalt 
patch approximately the size of the tanks was observed in the suspected location of the tanks during 
inspection. Geophysical surveys including GPR, E-M, and other magnetometry methods were 
performed in the vicinity of the asphalt patch, but surveys provided no indication of USTs in the area. 
The investigation concluded that the two 500-gallon USTs had most likely been removed and that 
subsurface exploration to confirm removal was not beneficial (LAI 2000).  

3.3.8.2 Discovery of Petroleum Contamination 

In 1987, petroleum-contaminated soil was discovered in an excavation pit when Boeing was installing 
a communication utility vault near the Gate J-28 entrance. Thirty-three soil samples were collected 
from 11 soil borings in the vicinity of former Building 9-04 for field observations of contamination. 
Field observations indicated that the greatest contamination was in borings located closest to the 
eastern property boundary, suggesting migration from off site. Five soil samples were sent to a 
laboratory for analysis of TPH-D, which was detected in three of the five samples (Appendix F). All 
three samples with TPH-D detections were collected at a depth interval (8–10 ft bgs) that intercepted 
the top of the water table or were below the water table at the time the sample was collected. The 
two samples with the highest TPH-D concentration (2,500 mg/kg) were collected from borings located 
approximately 20–30 ft from the eastern property boundary. It was determined that TPH-D detected 
in the soil samples was associated with TPH-D detected in groundwater. It was also determined that, 
because of the proximity of the borings to the eastern property boundary, the source of the 
contaminated groundwater was located on a property immediately adjacent to and upgradient of 
former Building 9-04 (Figure 13; LAI 1987a). A former Enco (then ExxonMobil) gas station was located 
across East Marginal Way South from the Gate J-28 entrance and is a potential source of the 
contamination (SAIC 1994, Ecology 2014).  

3.3.8.3 UST Removal and Remediation 

A subsurface investigation was performed in January 1989 to determine if the activities of the Dallas-
Mavis trucking company (current Museum of Flight property) on the Terminal 128 property had 
resulted in contamination. The investigation report recommended cleaning of stormwater catch 
basins and an oil/water separator, removal of the oil/water separator, removal of the 10,000-gallon 
UST and associated pump island, and removal of any contaminated soil associated with the tank and 
fuel system (LAI 1989). 

Site remediation and tank removal was accomplished in July 1989. The 10,000-gallon tank, pump 
system, and associated piping were removed, decontaminated, and disposed. A soil excavation in the 
location of the tank and pump island was performed; the extent of excavation was based on visual 
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observation, odor, field screening, and chemical analysis. There was no evidence of leakage around 
the tank, but contamination was observed near the tank inlet pipe. Approximately 10 cubic yards of 
soil were removed near the tank and stockpiled for chemical analysis. Additional contamination was 
observed near the pump island; approximately 130 cubic yards of soil were removed near the pump 
island and segregated/stockpiled for chemical analysis (LAI 1989).  

Confirmation samples were collected from all excavations related to removal of the 10,000-gallon 
tank to demonstrate that the TPH CUL at the time (200 mg/kg) had been achieved. The only sample to 
exceed the CUL was collected from the bottom of the tank excavation; TPH was detected at 
880 mg/kg in this sample (Appendix F). Additional excavation was performed, and additional 
confirmation samples were collected. New samples demonstrated that the CUL had been achieved 
(Appendix F), and excavations were backfilled with clean, granular fill. Excavated areas were repaved 
with asphalt (LAI 1989). 

3.3.8.4 Additional Investigations 

In 2001, soil and groundwater samples were collected from 10 direct-push borings (B-1 through B-10) 
located at the Gate J-28 entrance of the DC facility as part of a Phase II ESA for the Museum of Flight 
(Figure 13; GeoEngineers 2001). Borings were drilled in the vicinity of suspected and known tanks, 
spills, and other areas of concern to confirm the results of the GPR and E-M surveys and other 
previous investigations. Soil and groundwater samples were analyzed for petroleum hydrocarbons. 
TPH-O was detected in one soil sample (B-9 at 8 ft bgs) at a concentration of 490 mg/kg, which 
exceeded the MTCA Method A CUL for soil of 200 mg/kg (Appendix F). Boring B-9 was located to the 
east of former Building 9-04 along East Marginal Way South. TPH-D was detected in a single 
groundwater sample (B-10) at a concentration of 6,000 µg/L, which exceeded the MTCA Method A 
CUL for groundwater of 1,000 µg/L (Appendix D); boring B-10 was located on the far east corner of the 
Museum of Flight property by former Building 9-04. TPH-D was not detected in any soil samples. At 
the location of the suspected spill identified with GPR (B-4), most compounds were not detected in 
soil and results did not suggest that a spill had occurred (Appendix F). As with the 1987 soil 
investigation, no sources of the TPH were identified on the former DC property (LAI 2004c).  

Additional groundwater investigation was performed after the Phase II ESA. Activities included the 
installation and sampling of two groundwater monitoring wells (DC-MW-7 and DC-MW-8) near former 
Building 9-04 (Figure 13). Based on the results of this investigation, Ecology determined that the TPH 
in the soil did not pose a threat to human health or the environment. An NFA determination of was 
issued for the soil, but Ecology required additional groundwater monitoring. The groundwater 
monitoring requirements included the installation of an additional well (DC-MW-9) at the location of a 
former soil boring with the highest TPH-D groundwater concentration measured during the Phase II 
ESA (B-10; Figure 13). Ecology also required quarterly groundwater monitoring for TPH for a minimum 
of 1 year at all three wells (DC-MW-7, DC-MW-8, and DC-MW-9) following installation of DC-MW-9 in 
July 2001. Reports documenting well installation, baseline sampling, and groundwater monitoring 



 Landau Associates 

Final Remedial Investigation Work Plan  0025093.120.012 
Boeing Developmental Center 3-19 January 27, 2021 

from 2001 to 2003 at all three wells (DC-MW-7, DC-MW-8, and DC-MW-9) were submitted to Ecology 
(LAI 2001, 2002a, 2003). After review of the quarterly monitoring data, Ecology requested semiannual 
monitoring for TPH at the three wells until TPH concentrations decreased below the MTCA Method A 
CULs. Semiannual sampling was performed from 2003 to 2004 at all three wells (DC-MW-7, DC-MW-8, 
and DC-MW-9). TPH-G and TPH-D concentrations at DC-MW-9 were still above the MTCA Method A 
CULs when sampling was discontinued in 2004 (Appendix D). Sampling was discontinued even though 
concentrations remained above CULs because it was determined that the TPH concentrations were 
stable and not likely to decrease until the off-property source was identified and removed (LAI 2004c).  

Additional investigation of groundwater is planned for the DC-MW-9 area of the Museum of Flight 
property, after approval to perform the investigation is provided from the museum. The investigation 
will further evaluate the source and current nature and extent of contamination at this location. 
Results will determine if further action is necessary. A summary of the proposed additional 
investigation is discussed in Section 6.0. 

3.3.9 Groundwater Seeps 

Seeps had been previously identified along the shoreline of the DC, but none had been sampled as of 
2010 (Windward Environmental [Windward] 2004, SAIC 2010). Seep sampling for site PCOCs was 
recommended to evaluate the potential for sediment recontamination from groundwater seeps along 
the LDW (SAIC 2010). 

Seep location reconnaissance and sampling was performed along the LDW in 2018 (Windward 2018). 
Seven seeps were identified (SP-24, SP-26, SP-27, SP-28, SP-33, SP-35, and SP-37) along the shoreline 
of the DC during the reconnaissance (Figure 14). Only three seeps were sampled (SP-24, SP-33, and 
SP-35). Seep SP-26 was screened-out because groundwater and sediment data were abundant in the 
vicinity of the seep. The remaining three seeps (SP-27, SP-28, and SP-37) were not sampled because of 
limited accessibility or failure to meet QAPP sampling requirements (e.g., no flow, too saline). Seep 
samples were analyzed for total suspended solids (TSS), total organic carbon (TOC), dissolved organic 
carbon (DOC), metals, mercury, PAHs, PCBs, SVOCs, and dioxins/furans. Field measurements taken 
during sampling included conductivity, temperature, pH, DO, and turbidity. Arsenic, chromium, 
copper, lead, zinc, PAHs, and phthalates were detected in the three samples (Appendix E).  

Sampling at all six groundwater seeps will be attempted in order to determine if PCOCs in site 
groundwater are reaching the LDW at concentrations of concern. This includes an attempt to 
resample the three locations sampled by Windward (Section 6.9). Notes of past reconnaissance 
observations and field measurements will be utilized to find the six seep locations, if possible. New, 
distinctly different groundwater seeps, if present, will also be identified and sampling attempted. 
Proposed additional investigation is discussed in Section 6.0. 
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3.3.10 Bank Soil Erosion 

A review of current bank conditions along the DC property has shown that a portion of one parcel 
(King County Parcel No. 0003400018) includes an LDW shoreline bank area with a higher potential for 
shoreline area subsidence and soil erosion. This area includes bank property located to the south of 
Building 9-120, extending to the south of Building 9-140 (Figure 3). Other shoreline areas along the DC 
are either armored with riprap or are not owned by Boeing. Boeing is currently planning to improve 
this area of the property and the head of Slip 6 as a part of a bank stabilization project (Figure 3). 

During the seep sampling reconnaissance, shoreline bank areas will also be observed and documented 
for signs of soil erosion. A summary of the proposed bank erosion sampling protocols is discussed in 
Section 6.0. 

3.4 Ongoing Interim Actions and Monitoring Activities 
Interim actions and monitoring activities continue in AOC-05, SWMU-17, and SWMU-20 under the 
new Agreed Order (No. DE 16275) issued for the DC on July 23, 2019 and per the IAWP (LAI 2019a). 
Additional injection to stimulate bioremediation of PCOCs is not needed in any of the areas at this 
time, but performance monitoring will continue to evaluate treatment progress. Monitoring occurs 
semiannually and in accordance with the sampling matrix presented in the IAWP (LAI 2019a).  
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4.0 CONCEPTUAL SITE MODEL 
This section describes the conceptual site model (CSM) for the site, including the hydrogeologic 
conceptual site model and identification of contaminants, pathways, and receptors. 

The hydrogeologic conceptual site model is based on a regional conceptual model of the Puget Sound 
lowland and information developed during previous investigations. Any further information regarding 
geology and hydrogeology obtained during additional investigations will be described in the RI report. 

The CSM is further developed through identification of PCOCs at the site, areas at the site that have 
the greatest potential to be sources of contaminants, and the potential contaminant migration 
pathways and receptors. An updated CSM, incorporating the results and findings from the RI, will be 
developed and included in the RI report. 

4.1 Geology 
This section provides a description of the regional geology for the area and the local geology 
underlying the site. The regional geology is based on the regional conceptual model of the Puget 
Sound lowland (Dragovich et al. 1994, Galaster and Laprade 1991). Site geology has been largely 
interpreted from lithologic descriptions of soil collected from logs of soil borings and monitoring wells 
drilled at the DC or at adjacent properties between the years of 1967 and 2001 (LAI 2002b); however, 
lithology from more recent borings is consistent with these geologic interpretations. 

4.1.1 Regional Geology 

The DC is located within the Duwamish Valley lowland along the floodplain of the LDW. The 
Duwamish/Green River Valley is a relict subglacial meltwater channel eroded during the retreat of the 
Puget lobe of the most recent glaciation (Vashon Stade of the Fraser Glaciation) about 14,000 years 
ago. With the retreat of the lobe, the Duwamish/Green River Valley was occupied by a deep 
embayment of Puget Sound that extended inland to near present day Sumner, Washington. Marine 
sedimentation occurred in the embayment until about 5,000 years ago when a large volcanic mudflow 
off Mount Rainier, known as the Osceola Mudflow, swept down the Puyallup and White River Valleys, 
partially spilling into the Duwamish/Green River valley and out into Puget Sound. The mudflow 
traveled northward down the ancestral Duwamish/Green River valley to near present day Tukwila and 
the location of the DC. Subsequent channel incision and erosion resulted in increased sediment loads, 
river aggradation, and delta progradation that eventually filled the valley with freshwater sediments. 
In the last 100 years, the natural Duwamish River channel has been filled and channelized to create 
the present day morphology. The DC is located adjacent to one of these channel fill structures 
(Bortleson et al. 1980, LAI 2002b).  

The general stratigraphic sequence within the Duwamish Valley lowland consists of recent Holocene 
(10,000 years to present) alluvial deposits overlying Pleistocene (10,000–2,000,000 years before 
present) glacial deposits. The Holocene alluvial deposits are typically more than 250 ft thick in the 
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valley; the thickness of the glacial deposits is unknown, but appears to be thin in places. Underlying 
the glacial deposits are deeper Tertiary sedimentary and volcanic rocks. In the vicinity of Tukwila and 
the DC, Tertiary bedrock outcrops near the surface, associated with uplift along the Seattle fault 
(Yount et al. 1985). Near the DC, the combined thickness of the marine sediments and freshwater 
Duwamish River alluvial sediments may be about 100 ft, but likely varies locally because of the buried 
bedrock topography (LAI 2002b).   

4.1.2 Site Geology 

Before the LDW was constructed by the USACE in about 1918, the Duwamish River meandered 
through the site area. At that time, the DC would have been situated on the inner curve of an old 
meander loop of the Duwamish River. Around 1918, the loop was filled with dredge spoils from the 
dredging of the current LDW (Bortleson et al. 1980). The geologic units encountered beneath the site 
include fill, underlain by Duwamish River alluvium, underlain by marine sediment. Fill material has 
been encountered at the DC in the upper 5–10 ft bgs and generally consists of brown fine-to-medium 
sand with occasional gravel and silt (LAI 2002b).  

Beneath the fill material is a layer of naturally-deposited Duwamish River alluvium approximately 30–
40 ft thick. The uppermost portion of this alluvium consists of brown and gray sand and silt with 
occasional red mottling. This portion of the alluvium is often difficult to distinguish from the overlying 
fill material. At approximately 10–20 ft bgs, the alluvium becomes a dark gray fine-to-medium sand 
characteristic of reworked Osceola Mudflow deposits. This sand becomes increasingly silty with depth. 
In the northern portion of the DC (near Building 9-77) a layer of black gravelly coarse sand 
approximately 2–8 ft thick is present beginning at approximately 20 ft bgs. At the northwest corner of 
Building 9-101, a layer of silt and silty sand approximately 3–5 ft thick is present beginning at about 
30 ft bgs (LAI 2002b).   

The freshwater (Duwamish River) alluvium is underlain by marine sediments consisting of dark gray 
silt and silty clay overlying coarser sand deposits. The top of the silt/clay is generally encountered at 
approximately 50 ft bgs and is approximately 20–30 ft thick. The silt layer appears to be laterally 
contiguous across the site. The top of the marine sands is generally encountered at approximately 
80 ft bgs. Underlying the sand deposit is a deeper marine layer of silty gravelly sand with shell 
fragments. A single onsite exploration (monitoring well MW-14E) penetrated through the silt/clay 
layer into the marine sand. No onsite explorations have been drilled into the deeper silty gravelly 
sand. Geologic cross-sections based on historical boring logs are provided on Figures 15 (locations of 
each cross section), 16, 17, 18a, and 18b. . 

4.2 Hydrogeology 
This section provides a description of the regional hydrogeology for the area and the local 
hydrogeology underlying the site. The site hydrogeology has been largely interpreted from monitoring 
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wells drilled at the DC or at adjacent properties between the years of 1967 and 2001 (LAI 2002b); 
however, data from wells installed after 2001 are consistent with this interpretation. 

4.2.1 Regional Hydrogeology 

The LDW is a regional lowland stream that represents a regional groundwater discharge zone. In the 
vicinity of the DC, the river is separated from Puget Sound to the west by the West Seattle and Des 
Moines Uplands, and from Lake Washington to the east by Beacon Hill and the Skyway Upland 
(Galaster and Laprade 1991). Regional horizontal groundwater flow is from these upland areas toward 
the river and Elliot Bay. Regional vertical groundwater flow is upward from deep aquifers to the 
shallow aquifer near the LDW, and toward the river in the valley lowland, resulting in groundwater 
discharge. In the shallow aquifer, groundwater in the valley lowland is typically part of a local 
groundwater system, with flow predominantly horizontal and toward the river. The portion of the 
LDW adjacent to the DC is tidally influenced, which has a local, temporal effect on groundwater flow 
(LAI 2002b). A hydrogeologic CSM is presented on Figure 19; regional and local groundwater gradients 
are depicted for the area near the DC.  

Groundwater from the DC flows west and south to the LDW and does not impact any water supply 
wells. Two municipal supply wells are located within 1 mile of the DC, but on the opposite side of the 
LDW. Given their locations upgradient from the line of groundwater discharge to the LDW, neither 
well can be impacted by any DC groundwater PCOCs. Water rights exist for domestic and/or irrigation 
wells in sections east and south of the site, but none of these is located within the two sections 
occupied by the DC (T23N, R4E, Section 4 and T24N, R4E, Section 33) and locations are upgradient or 
cross-gradient from the DC (LAI 2002b).  

4.2.2 Site Hydrogeology 

Hydrogeology at the site consists of two aquifer units separated by an aquitard, which is comprised of 
a silt/clay layer on top of a marine sediment sequence. The shallow aquifer is typically characterized 
as unconfined saturated Duwamish alluvial sediments. Where Duwamish River alluvium becomes silty, 
(at the northwest corner of Building 9-101) the shallow aquifer exhibits more semiconfined 
characteristics. The deep confined aquifer consists of marine sand deposits beneath the silt/clay 
aquitard (LAI 2002b). The aquifer and aquitard units are discussed in detail in following sections. 

4.2.2.1 Shallow Unconfined Aquifer 

A shallow unconfined aquifer existed beneath the site with the water table at a depth of 
approximately 10–12 ft bgs. The shallow unconfined aquifer is about 40-ft thick and segregated into 
three depth intervals, which are defined as horizons A, B, and C (LAI 1992, Tetra Tech 1996). 
Groundwater elevation contours from May and November 2019 (Figures 20 and 21, respectively), 
indicate west horizontal groundwater flow toward the LDW in the shallow aquifer, consistent with 
past observations. 
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Historically, hydraulic gradients at the site have ranged from approximately 0.0004 to 0.0008 feet per 
foot (ft/ft; LAI 2002b). An increase in site-wide average water levels combined with a fairly consistent 
mean tide level in the LDW suggests an increase in hydraulic gradient at the DC toward the LDW. 
Groundwater elevation data over the last five years (Appendix H) reflects this change; average 
groundwater elevations have increased by approximately 0.2–0.3 ft. The current hydraulic gradient at 
the site is estimated at approximately 0.001–0.005 ft/ft.  

A distinct, discontinuous silt layer is present at approximately 25 ft bgs near the northwest corner of 
Building 9-101. Underlying the silt layer is approximately 8 ft of Duwamish River alluvium. This specific 
area and depth interval was termed the D horizon of the shallow aquifer (LAI 1992, Tetra Tech 1996). 
D horizon water levels have larger tidal fluctuations then other portions of the shallow aquifer, 
indicating semiconfined conditions.    

Groundwater elevations in the shallow aquifer appear to vary approximately 0.5–1 ft seasonally with 
precipitation changes, and tidal influence is less than 1 ft. Tidal influence on groundwater elevations 
(approximately 0.4 ft) was observed in the shallow unconfined aquifer (A, B, and C horizons) near 
Building 9-101 and SWMU-20 in a 45-hour period (Tetra Tech 1996). A minimal (up to 0.04 ft) 
groundwater elevation change was observed in monitoring wells in SWMU-17 during a 12-hour period 
(LAI 1987b). Tidal influence on groundwater elevations does not appear to extend east of AOC-03/04 
and SWMU-20. At the north end of the site, tidally-influenced groundwater elevation fluctuations 
have been observed in monitoring wells in the vicinity of Slip 6, but this effect does not appear to 
extend south to AOC-01/02 (LAI 1986b). In the D horizon, a tidally influenced groundwater elevation 
change of approximately 0.75 ft was observed in the vicinity of SWMU-20 during a 45-hour period 
(Tetra Tech 1996).  

Groundwater elevations in clustered wells screened at different depths within the shallow unconfined 
aquifer show minor head differences but exhibit no consistent trend. This suggests that there are no 
prominent vertical gradients within the shallow unconfined aquifer in the vicinity of the site and that 
groundwater flow is primarily horizontal (LAI 2002b). A hydrogeologic investigation was performed by 
Boeing in 2004 that included a vertical gradient investigation at well clusters at Boeing Plant 2 
(located approximately 1 mile north of the DC along the LDW); each cluster included monitoring wells 
screened at different depths, ranging from 10 to 60 ft bgs. A vertical gradient as observed at well 
clusters located closest to the LDW (located 70–520 ft from the LDW), while a downward gradient was 
observed at well clusters located farthest from the LDW (located 940–1,050 ft from the LDW). The 
study concluded that “on the eastern side of the Central Valley the Duwamish Valley Aquifer is a 
recharge zone (downward vertical gradient) from the valley wall to at least as far west as East 
Marginal Way South and that the aquifer transitions to a discharge zone (upward vertical gradient) 
approximately 500 ft and closer to the [LDW]” (Floyd|Snider and Aspect 2014). Evaluation of available 
data suggests that the gradient is horizontal across the eastern portion of the DC (greater than 500 ft 
from the LDW), including SWMU-20. A regional and local hydrogeologic CSM demonstrating these 
gradients is presented on Figure 19. Horizontal groundwater velocity measurements are calculated 
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from hydraulic gradient, hydraulic conductivity, and porosity estimates using Darcy’s law. The recent 
hydraulic gradient in the regularly monitored portion of the site (near AOC-05, SWMU-17, and SWMU-
20; Figures 20 and 21) ranges from approximately 0.001 to 0.005 ft/ft. An aquifer transmissivity range 
of 1.91–2.28 square feet per minute (ft2/min) and a hydraulic conductivity range of 110–130 feet per 
day (ft/day) were calculated from pumping test data (Tetra Tech 1996). Based on these parameter 
values and an assumed effective porosity of 0.25, the average groundwater flow velocity is 
approximately 161–950 ft per year. 

4.2.2.2 Confining Unit 

A marine silt to silty clay unit approximately 20–30 ft thick acts as an aquitard to separate the shallow 
unconfined aquifer from a deeper aquifer. The silt unit appears to be laterally contiguous across the 
site and acts as a confining layer for the deeper aquifer (LAI 2002b). 

4.2.2.3 Deep Confined Aquifer 

A deep aquifer is present in the marine sands that underlie the confining unit. Monitoring well 
MW-14E located in SWMU-20 is the only site well screened in the deep aquifer. Comparing 
groundwater elevations between this well and adjacent wells in the shallow zone indicate a distinct 
upward gradient from the deep to the shallow aquifer. Offsite investigations indicate that 
groundwater flow in the deep aquifer is generally northward toward Elliot Bay. Additionally, the 
permeability of the deep aquifer appears to be relatively low based on the rate of recharge at 
monitoring well MW-14E (LAI 2002b).   

4.2.3 Surface Water 

The DC is located on the east bank of the LDW, approximately 4.5 miles upstream of its mouth on 
Elliott Bay (SAIC 1994). The LDW is the line of discharge for site groundwater from the shallow 
unconfined aquifer and for potential groundwater discharging upward from the deeper confined 
aquifer. Surface drainage from the DC is routed to the LDW through a stormwater drainage system 
(see Section 3.3.7).  

The LDW is a salt-wedge estuary, characterized by a mixed wedge of ocean water underlying a series 
of increasingly dilute (upstream) water layers introduced by fresh river water (US Geological Survey 
[USGS] 1974). The location of the upstream end of the salt wedge is typically near where East 
Marginal Way South crosses the Duwamish River (Figure 1) and is a function of river discharge and 
tidal stage (Dawson and Tilley 1972). The DC is slightly downstream of the East Marginal Way Bridge 
and is typically in contact with the salt wedge. The DC is occasionally not in contact with the salt 
wedge when very low tides and very high stream discharges occur simultaneously. During very high 
stream discharge events, the groundwater flow from the site is expected to have minimal contribution 
to total LDW stream flow.  
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The LDW water column adjacent to the DC, at zero tide, consists of approximately 10 ft of brackish 
water on top of 20 ft of salt water (LAI 1986b). The average annual discharge of the LDW into Elliot 
Bay was previously estimated at 1660 cubic feet per second (ft3/s; SAIC 1994). The lowest flows are 
anticipated to occur in August, and the highest flows are anticipated to occur in December and 
January (LAI 2002b). 

4.3 Potential Contaminants of Concern and Sources 
Site PCOCs are contaminants associated with the potential sources identified in Section 3.0 that have 
been detected during previous investigations or remedial actions at the DC, or that are suspected to 
be present based on available information. The PCOCs consist primarily of VOCs, metals, PCBs, and 
petroleum hydrocarbons. The specific PCOCs for each area under further investigation are as follows: 

• PCOCs at AOC-01/02 are: 

‒ Petroleum hydrocarbons (TPH-D and TPH-G) 

‒ BTEX 

‒ Metals (cadmium and copper) 

• PCOCs at AOC-03/04 are: 

‒ Petroleum hydrocarbons (TPH-D and TPH-O) 

• PCOCs at AOC-05 are: 

‒ Petroleum hydrocarbons (TPH-G) 

‒ BTEX 

‒ Nitrate and nitrite (nitrate injected for in situ bioremediation) 

• PCOCs at SWMU-16 are: 

‒ VOCs 

‒ Metals 

‒ PCBs 

‒ PAHs 

• PCOCs at SWMU-17 are: 

‒ Chlorinated VOCs (PCE, TCE, cDCE, and VC) 

‒ Metals (arsenic and copper) 

‒ Petroleum hydrocarbons 

• PCOCs at SWMU-20 are: 

‒ Chlorinated VOCs (PCE, TCE, cDCE, and VC) 

‒ Benzene 

‒ Naphthalene 
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• PCOCs for the stormwater sewer system (SWMU-43) are: 

‒ VOCs 

‒ Metals (copper and zinc) 

‒ Petroleum hydrocarbons (TPH-D)  

‒ PCBs 

‒ PAHs 

• PCOCs for Gate J-28/Museum of Flight are: 

‒ Petroleum hydrocarbons 

• PCOCs for site groundwater seeps and soil bank erosion along the LDW are: 

‒ VOCs 

‒ Metals (arsenic) 

‒ Petroleum hydrocarbons 

‒ PCBs 

‒ PAHs. 

4.4 Contaminated Media of Potential Concern, Contaminant 
Migration, Receptors, and Exposure Pathways 

This section discusses receptors, media of potential concern, migration and transport of potentially 
contaminated media, and exposure pathways at the DC. 

4.4.1 Human and Ecological Receptors 

The DC is zoned for heavy industrial land use, and the primary site use is industrial with the primary 
receptors being adult workers. Adult workers include both people working at the site long-term and 
temporary contractors.  

The DC and surrounding areas are highly urbanized/industrialized, including the adjacent Boeing Field 
(King County International Airport). Contamination at the site is primarily covered by pavement and 
other physical barriers, except potentially along the shoreline of the LDW. Wildlife may be present 
along the shoreline but is generally not present throughout the rest of the site.  

As part of the RI/FS process, Ecology requires that a Terrestrial Ecology Evaluation (TEE) be performed 
for all sites, per WAC 173-340-7490. The goal of the TEE process is to protect terrestrial ecological 
receptors from exposure to contaminated soil with the potential to cause significant adverse effects, 
including breeding, feeding, growth, and survival. In order to fulfill the requirements of the TEE 
process, one of the following actions must be taken: 

• Document an exclusion from any further TEE using the criteria in WAC 173-340-7491 

• Conduct a simplified TEE per WAC 173-340-7492 
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• Conduct a site-specific TEE per WAC 173-340-7493. 

An initial evaluation suggests that the DC may qualify for an exclusion from the TEE process because 
of the highly developed nature of the site and the potential that most soil contamination is covered by 
buildings, pavement, and other physical barriers. The results of the RI will be used to confirm if the DC 
qualifies for an exclusion or perform a simplified TEE, if it becomes necessary. The TEE process, 
including exclusion evaluation, will be documented in the RI report (Section 7.0).   

4.4.2 Contaminated Media and Potential Exposure Pathways 

Contamination is present or potentially present in building materials, stormwater, soil, groundwater, 
soil gas/indoor air, and airborne particles. Past or present site contamination may also present a 
potential source of contamination to adjacent surface water and/or sediments in the LDW offshore of 
the DC site. Possible exposure and migration pathways for the potentially contaminated media are 
summarized in the following sections. Not all site media listed will be subject to further investigation. 
A CSM showing contamination sources and transport, affected media, and exposure pathways is 
presented on Figure 22. 

4.4.2.1 Building Materials 

Contaminants may be present in building materials. Potential migration pathways for contaminants in 
building materials include: 

• Breakdown to particulates. 

• Wind and water transport of particles to stormwater and groundwater. 

• Transport to LDW surface water and sediments. 

4.4.2.2 Stormwater 

Contaminants may be present in stormwater. Potential migration pathways for contaminants in 
stormwater include:  

• Leaching of contaminants to soil and groundwater via cracks or other failures in the 
stormwater sewer system.  

• Transport to LDW surface water and sediments.  

Migration pathways for stormwater discharges to the LDW continue to be evaluated and addressed in 
accordance with the requirements of the ISGP, the Administrative Order, and the Agreed Order for 
stormwater treatment (Section 3.3.7.4). 

4.4.2.3 Soil 

Contaminants may be present in soil. Potential exposure and migration pathways in shallow soil 
include: 



 Landau Associates 

Final Remedial Investigation Work Plan  0025093.120.012 
Boeing Developmental Center 4-9 January 27, 2021 

• Direct contact including incidental ingestion or dermal contact by construction workers with 
hazardous substances that are present in subsurface soil. 

• Inhalation of hazardous substances that are present in soil by site industrial workers through 
windblown dust during construction activities. 

• Leaching of contaminants from soil to groundwater, and ultimately to LDW surface water.  

• Migration of contaminated soil particles to stormwater via cracks or other failures in the 
stormwater sewer system and discharge to LDW surface water. 

• Erosion of bank soils to LDW sediment. 

4.4.2.4 Groundwater 

Contaminants may be present in shallow groundwater. Potential exposure and migration pathways for 
shallow groundwater include: 

• Incidental ingestion and dermal contact by construction workers of hazardous substances that 
are present in groundwater. 

• Migration of contaminated shallow groundwater to stormwater via cracks or other failures in 
the stormwater sewer system and discharge to LDW surface water.  

• Migration of contaminated shallow groundwater to LDW surface water and sediments. 

• Partitioning of contaminants from groundwater to shallow soil gas and then, potentially, to 
indoor air. 

Groundwater in the vicinity of the DC is non-potable, as described in Section 2.3. 

4.4.2.5 Soil Gas/Indoor Air 

Contaminants may be present in soil gas, with potential migration to indoor air. Potential exposure 
and migration pathways for soil gas include: 

• Migration of contaminants in soil gas to excavations, utilities, or indoor air. 

• Inhalation of hazardous substances in excavations or existing utilities by utility workers. 

• Inhalation of hazardous substances in indoor air by site industrial workers. 

4.4.2.6 Airborne Particles 

Contaminants may be present as airborne particles. Potential exposure and migration pathways for 
airborne particles include: 

• Atmospheric deposition on impervious surfaces and migration to LDW surface water via the 
stormwater sewer system.  

• Inhalation of airborne particles by site industrial workers.  

Airborne particle migration is being managed under stormwater Agreed Order No. 15600. Advanced 
stormwater treatment is discussed in Section 3.3.7.7 of this work plan.     
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4.4.2.7 LDW Sediments and Surface Water  

Past or present site contaminants may be a potential source of contamination to surface water 
adjacent to the site and/or offshore LDW sediments through the migration pathways described above. 
Potential exposures are as follows: 

• Exposure of aquatic and benthic organisms. 

• Human consumption of aquatic organisms.  
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5.0 SCREENING LEVELS 
Screening levels are concentrations established for each compound and medium of potential concern 
for evaluation of RI data. Screening levels are typically established at the most conservative regulatory 
concentrations in order to ensure that adequate investigation and appropriate analytical methods are 
employed. Screening levels are not CULs; CULs are typically developed during the FS to account for 
specific exposure scenarios and are often different than the screening levels for a particular 
compound or medium. Cleanup standards developed during the FS phase include CULs, the point of 
compliance (POC; location where CULs must be met), and other regulatory requirements that apply to 
a site. 

Preliminary groundwater and soil screening levels were developed in 2002 for the Summary Report 
(LAI 2002b). Groundwater screening levels were developed to be protective of beneficial use of 
groundwater as surface water, based on the determination that the groundwater at the DC is non-
potable. The MTCA Method B CULs for marine surface water and fresh water were selected as the 
preliminary groundwater screening levels. Preliminary soil screening levels were developed using 
MTCA Method C CULs for industrial properties; levels were protective of groundwater and direct 
human contact (LAI 2002b).  

Cleanup standards for groundwater and indoor air were developed and proposed for the DC in 2013 
based on updated criteria (LAI 2013). The 2013 proposed CULs for several PCOCs have been used to 
evaluate cleanup progress in the three areas of the DC where interim actions continue (AOC-05, 
SWMU-17, and SWMU-20).   

In this work plan, updated screening levels are adopted for soil and groundwater. These new 
screening levels are Ecology CULs for upland MTCA sites that have environmental transport pathways 
to the LDW (Ecology 2019b), referred to as the 2019 LDW preliminary cleanup levels (PCULs). The 
2019 LDW PCULs will be used as screening levels for the completion of the RI at the Boeing DC. 
However, several LDW PCULs are below concentrations achievable by current analytical methods (i.e., 
parts per quadrillion range). For those analytes, the screening level for the completion of the RI has 
been adjusted up to meet the practical quantitation limit (PQL). All proposed screening levels for the 
RI are presented in Table 3. 
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6.0 SUMMARY OF ADDITIONAL INVESTIGATION 
As summarized in Section 1.2 and described in detail in Section 3.3, investigation of soil and 
groundwater at the Boeing DC will be performed to further evaluate the nature and extent of 
contamination in identified areas for the completion of the RI. Data will be used to determine if 
additional action is warranted. Completion of the RI will support FS evaluation of remedial 
alternatives and selection of a final remedy, if necessary. Areas where additional investigation will be 
performed to complete the RI are presented on Figure 3. Results from the RI will be compared to the 
screening levels presented in Table 3. 

General investigation activities are presented in the table below and a more detailed summary is 
provided in Table 4. All proposed sampling locations are presented on Figure 23.  

Investigation Area Description 

Media Investigated for 
Remedial Investigation 

Soil Groundwater 

AOC-01/02 Former fuel USTs x x 

AOC-03/04 Former No. 5 oil USTs x x 

AOC-05 Former unleaded gasoline UST x  

SWMU-16 Former regulated materials storage area x x 

SWMU-17 Former sump and UST x  

SWMU-20 Former degreaser pit x x 

SWMU-43 Stormwater sewer system x x 

Gate J-28/Museum of Flight Offsite historical petroleum release  x 

Groundwater Seeps Site groundwater discharge to the LDW  x 

Bank  Soil erosion x  

 
Detailed descriptions of each sampling activity are provided in the SAP (Appendix A). Additional 
activities will be proposed, if warranted, based on the results from the original proposed RI activities.  

The general scope of the proposed investigation is as follows: 

• Collection and analysis of groundwater samples from existing wells, with monitoring well 
redevelopment and repair, as needed.   

• Completion of utility locating prior to drilling activities.  

• Collection and analysis of soil and groundwater grab samples from soil borings in select 
investigation areas.  
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• Collection and analysis of grab samples from each of the identified groundwater seeps along 
the LDW. Activities will include: 

‒ Reconnaissance of previously identified locations of groundwater seepage to determine if 
locations are accessible and meet necessary requirements for sampling. 

‒ Reconnaissance of new and distinct locations of groundwater seepage not identified 
during previous investigations. 

‒ Collection and laboratory analysis of groundwater samples from all accessible seeps that 
meet sampling requirements. 

• Collection and analysis of grab samples from areas of identified bank erosion along the DC 
facility boundary with the LDW. 

• Additional phase(s) of investigation based on evaluation of initial RI data. Activities may 
include, but are not limited to: 

- Evaluation of site groundwater and stormwater interaction by comparing groundwater 
elevations collected during earlier phase(s) of the RI to stormwater system invert 
elevations. A figure to visualize this interaction will be developed. 

- Installation, development, and sampling of new groundwater monitoring wells.  

- Collection and analysis of soil, soil gas, and/or groundwater samples from additional 
direct-push borings. 

- Indoor air sampling for vapor intrusion evaluation. 

During investigation activities, if any archaeological resources are discovered, work at the sampling 
location will be immediately stopped and Ecology, the Washington State Department of Archaeology 
and Historic Preservation (DAHP), King County, and the appropriate Tribes’ cultural resources 
departments will be notified by the close of business on the day of discovery. Notification will be 
followed by inspection by a licensed archaeologist to document the discovery, provide a 
professionally documented site form, and report to the above-listed parties. In the event of an 
inadvertent discovery of human remains, work will be immediately halted in the discovery area, the 
remains will be covered and secured against further disturbance, and the King County Sheriff’s Office 
and King County Medical Examiner will be immediately contacted, along with the DAHP physical 
anthropologist and authorized Tribal representatives. A licensed archaeologist will then develop a 
treatment plan in consultation with the above-listed parties consistent with Chapters 27.44 and 27.53 
of the Revised Code of Washington (RCW) and implemented in accordance with Chapter 25-48 WAC. 

6.1 AOC-01/02: Former Fuel USTs 
Additional investigation of soil and groundwater at AOC-01/02 will be performed to confirm that no 
further action is necessary. New data collected will determine if contaminants related to the leaking 
USTs remain below screening levels and/or detection limits in both media.  

Additional soil and groundwater investigation will be performed in AOC-01/02 to resolve the following 
data gaps identified by Ecology:  
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• No soil sampling has been performed since the tank replacement in 1990. Soil sampling for 
TPH and BTEX was performed during the excavation and replacement of the former USTs in 
June 1990. TPH was not detected and BTEX was detected below the preliminary screening 
levels in prior samples.  

• Groundwater sampling for TPH-D, TPH-G, PCBs, and metals at three existing monitoring wells 
(DC-9-52-1, DC-9-52-2, and DC-9-52-3) was discontinued in 2002. Ecology deemed no further 
action was required in this area after TPH-D, TPH-G, and BTEX concentrations at all three wells 
remained below the detection limit for two consecutive monitoring events.  

• The vapor intrusion pathway has not been fully evaluated at buildings in the vicinity of 
AOC-01/02. 

The objectives of additional investigation in this area are to: 

• Determine if TPH-D, TPH-G, and BTEX concentrations are below current screening levels in 
both soil and groundwater.  

• Evaluate the potential for vapor intrusion in Building 9-51. 

• Confirm that no further action is necessary in AOC-01/02.  

The soil investigation at AOC-01/02 will consist of collecting soil samples from two soil borings (RISB-1 
and RISB-2; Figure 24). The soil borings will be drilled using direct-push methods. Composite soil 
samples will be collected from three intervals (approximately 7–10 ft bgs, 10–13 ft bgs, and 13–16 ft 
bgs) in order to measure potential contaminant mass remaining in the “smear zone” above the water 
table and mass remaining below the water table. A maximum of three soil samples are anticipated at 
each boring location. Samples will be analyzed for VOCs, TPH-G, and TPH-D/O, per Table 4.  

The groundwater investigation at AOC-01/02 will involve redeveloping and sampling three existing 
monitoring wells (Figure 24). A site reconnaissance in September 2019 determined that three existing 
monitoring wells (DC-9-52-1, DC-9-52-2, and DC-9-52-3) are still present and suitable for sampling 
(i.e., monument and lid remain intact, casing is not damaged, etc.). These wells will be redeveloped 
prior to collecting groundwater samples. Groundwater samples collected from existing monitoring 
wells will be analyzed for VOCs, TPH-G, TPH-D/O, total/dissolved metals, and total/dissolved mercury, 
in accordance with Table 4. 

Soil and groundwater data collected as part of this RI near buildings will be used to evaluate vapor 
intrusion according to Ecology vapor intrusion guidance (Ecology 2018). Vapor intrusion assessment 
follows a tiered approach, beginning with a preliminary assessment to identify whether the potential 
for vapor intrusion exists at the site, and, if it does, which buildings may be affected. The preliminary 
assessment using data collected during the RI will determine if additional assessment steps (Tier I and 
Tier II) are necessary. The scope of potential additional soil vapor intrusion assessment will be 
documented as an amendment to this RIWP.  
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6.2 AOC-03/04: Former No. 5 Oil USTs 
Additional investigation of soil and groundwater will be performed in AOC-03/04 to confirm that 
further action is not necessary. Results of the investigation will determine if contaminants related to 
the leaking USTs remain below screening levels and/or detection limits in both media.   

In AOC-03/04, additional soil and groundwater investigation will be performed to resolve the 
following data gaps identified by Ecology:  

• Soil sampling for TPH has not been performed since 1992, during the excavation and 
replacement of the former USTs. A small area of soil remained at the base of the excavation 
with concentrations of TPH above the preliminary screening level.  

• Soil sampling for TPH was also performed in 1992 during installation of one monitoring well 
(MW-21A) in the vicinity of the USTs. TPH was not detected in the soil sample. Additional soil 
sampling was not performed in AOC-03/04.  

• Groundwater sampling for VOCs and TPH-D at two existing monitoring wells (MW-21A and 
MW-21C) was discontinued in 2002 after TPH-D and TPH-O concentrations were non-detect 
for four consecutive semiannual monitoring events. 

The objectives of further investigation in this area are to: 

• Determine if TPH-D and TPH-O concentrations are below current screening levels in both soil 
and groundwater.  

• Confirm that no further action is necessary in AOC-03/04.  

The soil investigation at AOC-03/04 will consist of collecting soil samples from two soil borings (RISB-3 
and RISB-4) using direct-push methods (Figure 25). Soil samples will be collected at three intervals 
(approximately 7–10 ft bgs, 10–13 ft bgs, and 13–16 ft bgs) in order to measure potential TPH mass 
remaining in the “smear zone” above the water table and mass remaining below the water table. A 
maximum of three soil samples are anticipated at each location. Soil samples will be analyzed for 
TPH-D/O, as described in Table 4.  

The groundwater investigation at AOC-03/04 will involve sampling two existing monitoring wells 
(MW-21A and MW-21C; Figure 25) for analysis of TPH-D/O, in accordance with Table 4. 

6.3 AOC-05: Former Unleaded Gasoline UST 
Additional soil investigation will be performed in AOC-05. Semiannual groundwater sampling in this 
area continues per the IAWP (LAI 2019a); further groundwater investigation is not proposed. 
Additional soil investigation aims to resolve the following data gap identified by Ecology: 

• No soil sampling has been performed in the vicinity of the former UST. Floating product was 
removed from the excavation during tank removal, and additional contamination was 
removed in excavated soil. There are no data to confirm that source material for TPH in 
groundwater has been completely removed in soil from AOC-05. 
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The objectives of further investigation in this area are to: 

• Evaluate current soil conditions in the former tank area.  

• Determine if soil is a media of concern and requires further cleanup action. 

Samples for the soil investigation in AOC-05 will be collected from two soil borings (RISB-5 and RISB-6) 
drilled using direct-push methods in the vicinity of the former UST and existing monitoring wells 
BDC-103 and BDC-104 (Figure 26). In order to measure potential contaminant mass remaining in the 
“smear zone” above the water table and mass remaining below the water table, soil samples will be 
collected at three intervals (approximately 7–10 ft bgs, 10–13 ft bgs, and 13–16 ft bgs). A maximum of 
three soil samples are anticipated. Samples will be analyzed for VOCs and TPH-G, as shown in Table 4. 

6.4 SWMU-16: Former Regulated Materials Storage Area 
Further investigation in SWMU-16 will focus on both soil and groundwater. Detections of PCBs in soil 
beyond the boundary of the former waste management unit prompted a groundwater investigation in 
2001. All groundwater samples were non-detect for PCBs, and it was concluded that PCBs in soil were 
not impacting groundwater. While there are no present concerns that potential residual 
contamination is impacting groundwater, a sample will be collected from a nearby existing well.  

The following data gap identified by Ecology will be addressed by additional soil investigation:  

• Soil sampling for VOCs, PCBs, PAHs, and metals has not been performed since the 
investigation for the Building 9-69/70 RCRA Closure Plan in 1996. Total PCBs in soil beneath 
the former building exceeded the applicable MTCA Method A CULs. Contaminated soil was 
excavated and all concrete underlying the facility was removed. PCBs were also detected 
beyond the boundary of the former waste management unit but were below CULs.  

The objectives of the RI field investigation in this area are to: 

• Evaluate potential residual contamination in soil and groundwater. 

• Determine if further cleanup action is necessary.  

Samples for the soil investigation in SWMU-16 will be collected from two soil borings (RISB-7 and 
RISB-8) drilled using direct-push methods and located hydraulically downgradient of the excavation 
area and beneath the former storage area (Figure 27). Soil samples will be collected approximately 
every 3 ft starting at the water table (measured at the time of drilling) and extending to 15 ft below 
the water table. This sampling interval is consistent with prior PCB soil investigations in SWMU-16. A 
maximum of five soil samples are anticipated per location. Soil samples will be analyzed for VOCs, 
PCBs, PAHs, and total metals as described in Table 4. All PCB soil samples in SWMU-16 will be 
collected as split samples; LAI will submit one sample to the primary analytical laboratory for analysis 
of PCB Aroclors by EPA Method 8082A and will provide the second sample to Ecology to hold for 
potential analysis of PCB Congeners by EPA Method 1668C at a laboratory of its choice.  
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The groundwater investigation at SWMU-16 includes sampling one existing monitoring well 
(BDC-05-05; Figure 27), which will be redeveloped prior to collecting groundwater samples. 
Groundwater will be analyzed for VOCs, PCBs, PAHs, and total/dissolved metals, per Table 4. The PCB 
groundwater sample in SWMU-16 will be collected as a split sample; LAI will submit one sample to the 
primary analytical laboratory for analysis of PCB Aroclors by EPA Method 8082A and will provide the 
second sample to Ecology to hold for potential analysis of PCB Congeners by EPA Method 1668C at a 
laboratory of its choice. Appropriate groundwater sampling procedures for EPA Method 1668C will be 
followed, according to the SAP (Appendix A).  

6.5 SWMU-17: Former Sump and UST 
Additional soil investigation will be performed in SWMU-17. Additional groundwater investigation is 
not necessary, because semiannual groundwater sampling in SWMU-17 continues per the IAWP (LAI 
2019a). After reviewing past investigation data and observations, the following data gap identified by 
Ecology will be addressed by the soil investigation:  

• Soil data is not available after 1986, when soil was sampled during the installation of 
monitoring well BDC-05-02 near the former UST. Certain VOCs and metals were detected, 
indicating that the contamination in SWMU-17 was related to solvents and not hydrocarbons, 
as previously expected. However, soil samples were not analyzed for current groundwater 
contaminants PCE, TCE, cDCE, and VC. There is no soil data for these PCOCs.  

• The vapor intrusion pathway has not been fully evaluated at buildings in the vicinity of the 
SWMU-17 contamination. 

The objectives of the RI field investigation in this area are to: 

• Evaluate potential chlorinated VOC and TPH contamination in soil.  

• Evaluate the potential for vapor intrusion in Buildings 9-53 and 9-98. 

• Determine if further action is necessary. 

The soil investigation in SWMU-17 will involve collecting samples from two soil borings (RISB-9 and 
RISB-10) drilled using direct-push methods. The borings will be located in the vicinity of the former 
sump and UST area (Figure 28). Soil samples will be collected at three intervals (approximately 7–10 ft 
bgs, 10–13 ft bgs, and 13–16 ft bgs). Prior groundwater investigations confirmed a source and that 
contamination was confined to the shallow interval above approximately 18.5 ft bgs. A maximum of 
three soil samples are anticipated. Soil samples will be analyzed for TPH-G, TPH-D/O, VOCs and total 
metals, as described in Table 4.  

Soil and groundwater data collected as part of this RI near buildings will be used to evaluate vapor 
intrusion according to Ecology vapor intrusion guidance (Ecology 2018). Vapor intrusion assessment 
follows a tiered approach, beginning with a preliminary assessment to identify whether the potential 
for vapor intrusion exists at the site, and, if it does, which buildings may be affected. The preliminary 
assessment using data collected during the RI will determine if additional assessment steps (Tier I and 
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Tier II) are necessary. The scope of potential additional soil vapor intrusion assessment will be 
documented as an amendment to this RIWP.  

6.6 SWMU-20: Former Degreaser 
Additional investigation in SWMU-20 will focus on soil potentially still affected by the former 
degreaser. Further groundwater investigation is not necessary, because semiannual groundwater 
sampling for chlorinated VOCs and naphthalene in SWMU-20 continues per the IAWP; however, 
naphthalene detections in groundwater will be evaluated further during the RI (LAI 2019a). The 
following data gaps identified by Ecology will be addressed by additional investigation:  

• Soil has not been sampled since the Phase III ESA was performed in 1991. Frequently-detected 
compounds in soil were PCE, TCE, cDCE, and VC, with a majority of the highest concentrations 
measured between approximately 12 and 18 ft bgs. 

• Though the previous soil investigations were extensive, samples were not analyzed for 
naphthalene. The source of naphthalene in groundwater in the vicinity of Building 9-101 has 
not been identified.  

• The vapor intrusion pathway has not been fully evaluated at buildings in the vicinity of the 
SWMU-20 contamination.  

The objectives of the RI field investigation in this area are to: 

• Evaluate potential residual chlorinated VOC contamination in soil near the former degreaser.  

• Evaluate naphthalene concentrations in soil and groundwater and evaluate the presence of a 
possible source.  

• Evaluate the potential for vapor intrusion in Building 9-101. 

• Determine if further cleanup action is necessary.  

Samples for the soil investigation in SWMU-20 will be collected from four soil borings (RISB-11, 
RISB-12, RISB-13, and RISB-14) drilled using direct-push methods; borings will be located near the 
corner of Building 9-101 in the vicinity of the former degreaser (Figure 29) and outside the extent of 
excavation for pile cap construction. Soil samples will be collected approximately every 3 ft from 7 to 
25 ft bgs in order to measure potential contaminant mass remaining in soil above and below the 
elevation of the bottom of the former degreaser pit, which was located at approximately 10 ft bgs. A 
maximum of six soil samples are anticipated at each location. Soil samples will be analyzed for VOCs, 
as described in Table 4. The analytical method for VOCs also detects naphthalene.   

The groundwater investigation at SWMU-20 includes the collection of grab samples from the four 
planned borings (RISB-11, RISB 12, RISB-13, and RISB-14) and sampling three existing wells (MW-8C, 
MW-15A, and MW-22A; Figure 29). While well MW-22A is currently sampled semiannually, it has been 
several years since wells MW-8C and MW-15A have been sampled; thus, both of those existing wells 
will be redeveloped prior to sampling. Groundwater samples collected from both the above 
mentioned borings and existing wells will be analyzed for PAHs, in accordance with Table 4. 
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Soil and groundwater data collected as part of this RI near buildings will be used to evaluate vapor 
intrusion according to Ecology vapor intrusion guidance (Ecology 2018). Vapor intrusion assessment 
follows a tiered approach, beginning with a preliminary assessment to identify whether the potential 
for vapor intrusion exists at the site, and, if it does, which buildings may be affected. The preliminary 
assessment using data collected during the RI will determine if additional assessment steps (Tier I and 
Tier II) are necessary. The scope of potential additional soil vapor intrusion assessment will be 
documented as an amendment to this RIWP.  

6.7 SWMU-43: Stormwater Sewer System 
Investigation of soil and groundwater is proposed for SWMU-43 with the following objectives: 

• Evaluate if PCOCs are migrating from the stormwater system to the soil and groundwater, and 
from soil and groundwater into the stormwater system when the groundwater level is above 
the storm sewer lines via cracks or other failures in the stormwater sewer system. 
Investigation will mainly focus on structures for which data is available (Appendix J) so that RI 
results can be compared to stormwater data. The installation of monitoring wells or additional 
sampling will be proposed in a later phase of the RI, if necessary, and following evaluation of 
collected soil and groundwater data. 

• Demonstrate site-wide groundwater and stormwater system interaction. Groundwater 
elevations measured at proposed sampling locations in SWMU-43 and other investigation 
areas will be compared to stormwater sewer system invert elevations. The relationship 
between the groundwater and invert elevations will be used to evaluate the direction of 
contaminant migration (i.e., from groundwater to stormwater or vice versa). Spatial 
representation of this relationship will inform if additional SWMU-43 sampling is necessary for 
the RI.  

The soil and groundwater investigation for SWMU-43 will consist of collecting soil and groundwater 
grab samples from 15 soil borings in 13 different drainage areas. Locations are presented on 
Figure 30, and summarized by drainage area in the following table: 

Drainage Area Proposed Boring(s) Nearby Structure(s) with Data 

1 DA01-1 OWS1, 1.32M 

2 DA02-1 OWS2, 2.18M 

3 DA03-1 None 

4 DA04-1 None 

5 DA05-1 OWS5, 5.16M 

9 DA09-1 OWS9, 9.66M 

10 DA10-1 10.9M 

11 DA11-1, DA11-2 11.31M 

12 DA12-1, DA12-2 OWS12.1, 12.56M 

13 DA13-1 OWS13, 13.43M 
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Drainage Area Proposed Boring(s) Nearby Structure(s) with Data 

14 DA14-1 OWS14 

15 DA15-1 OWS15 

19 DA19-1 None 

The 15 soil borings will be drilled using direct-push methods. Soil samples will be collected at three 
intervals (approximately 7–10 ft bgs, 10–13 ft bgs, and 13–16 ft bgs) in order to measure potential 
contaminant mass in soil surrounding and below the stormwater structures. A maximum of three soil 
samples are anticipated at each location. Samples will be analyzed for TPH-D/O, TPH-G, VOCs, PCBs, 
PAHs, and total metals, as described in Table 4. All PCB soil samples for SWMU-43 will be collected as 
split samples; LAI will submit one sample to the primary analytical laboratory for analysis of PCB 
Aroclors by EPA Method 8082A and will provide the second sample to Ecology to hold for potential 
analysis of PCB Congeners by EPA Method 1668C at a laboratory of its choice. 

A single groundwater grab sample will be collected at each boring and analyzed for TPH-G, TPH-D/O, 
VOCs, PCBs, PAHs, total/dissolved metals, and total/dissolved mercury, per Table 4. The PCB 
groundwater sample for SWMU-43 will be collected as a split sample; LAI will submit one sample to 
the primary analytical laboratory for analysis of PCB Aroclors by EPA Method 8082A and will provide 
the second sample to Ecology to hold for potential analysis of PCB Aroclors by EPA Method 8082A at a 
laboratory of its choice. 

As some of the stormwater structures and sampling locations are located in close proximity to the 
LDW, there is a potential for the locations to be within the surface water/groundwater transition 
zone. Ecology has concerns that groundwater sampled within this zone will be diluted by the surface 
water and not representative of localized contamination. The location of the transition zone has not 
been evaluated at the DC, so it will be evaluated during the RI. Field parameters (i.e., conductivity, pH, 
etc.) collected during groundwater sampling in SWMU-43 will be compared to available data at wells 
located in the center of the site to evaluate how far inland the transitional zone extends. Additional 
details of this sampling and evaluation are provided in the SAP (Appendix A).  

6.8 Gate J-28/Museum of Flight 
Additional investigation of groundwater is planned for the Museum of Flight property, pending 
approval from the museum. The investigation will further evaluate the current nature and extent of 
contamination on this parcel. Sampling locations are selected based on the area of known 
groundwater contamination near former well DC-MW-9, as GPR surveys, E-M surveys, Phase II ESA 
sampling and groundwater monitoring determined that this was the only remaining area of concern. 
Results will determine if further action is necessary.  

A groundwater investigation will be performed in the current location of the Museum of Flight West 
Campus to address the following data gaps identified by Ecology:  
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• Groundwater sampling for TPH-G and TPH-D/O at three prior monitoring wells (DC-MW-7, DC-
MW-8, and DC-MW-9) was discontinued in 2004 even though concentrations remained above 
applicable CULs at DC-MW-9. It was concluded that concentrations were not likely to decrease 
until the off-site source of TPH was identified and removed. These wells were not able to be 
located during recent reconnaissance of this area.  

The objectives of additional investigation in this area are to: 

• Evaluate the current concentrations of TPH-G and TPH-D near the former well DC-MW-9 in 
groundwater. 

• Determine if PCOCs in groundwater are discharging to Slip 6.  

The groundwater investigation for the Museum of Flight will involve collecting a single grab sample 
from two direct-push borings (RISB-15 and RISB-16; Figure 31). Boring RISB-15 will be located in the 
vicinity of former well DC-MW-9, where concentrations were above CULs when sampling ended in 
2004 and the highest TPH-D concentration was measured in groundwater during the Phase II ESA. 
Boring RISB-16 will be located along the downgradient boundary of the Museum of Flight property 
and near the location of the former two, 500-gallon, USTs to determine if PCOCs are present in 
groundwater and potentially discharging to Slip 6. The final location of the new borings may be 
adjusted based on the locations of existing storm drains and surrounding utilities. Groundwater 
samples will be analyzed for TPH-D/O and TPH-G in accordance with Table 4. 

6.9 Groundwater Seeps 
An investigation of groundwater seeps along the shoreline of the LDW will be performed to determine 
if PCOCs in site groundwater are reaching the LDW via seeps. 

The investigation associated with groundwater seeps from the DC into the LDW will involve 
reconnaissance and sampling at locations of groundwater seepage. Seven seeps were identified 
during a previous investigation, but only three of the identified seeps were sampled in June 2018 by 
Windward based on available data, accessibility issues, and the failure of several seeps to meet 
sampling requirements (e.g., accessibility, flow rate, conductivity). Reconnaissance of these seven 
previously identified locations (SP-24, SP-26, SP-27, SP-28, SP-33, SP-35, and SP-37) will also be 
performed as part of this investigation. Groundwater samples will be collected from other accessible 
seeps that also meet the sampling requirements stated in the SAP (Appendix A). The seep 
reconnaissance locations are presented on Figure 23.  

The sampling and analysis plan for groundwater seeps is outlined in Table 4. Groundwater seep 
samples from all accessible seeps that meet sampling requirements along the DC facility boundary 
with the LDW will be analyzed for TPH-G, TPH-D/O, VOCs, PCBs, PAHs, total/dissolved metals, and 
total/dissolved mercury. 
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6.10 Bank Soil Erosion 
During the seep sampling reconnaissance along the LDW, shoreline bank area on property owned by 
Boeing between Building 9-120 and Building 9-140 (Figures 3 and 23) and Slip 6 will be observed and 
documented for signs of soil erosion. If soil erosion is observed, soil samples will be collected at a 
frequency of one discrete sample per 20 ft of relatively continuous bank erosion observed. Bank 
erosion samples will be collected per the sampling requirements stated in the SAP (Appendix A). 
Discrete soil samples will be analyzed for TPH-G, TPH-D/O, VOCs, PCBs, PAHs, and total metals, as 
outlined in Table 4. 
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7.0 REPORTING 
An RI report will be prepared in accordance with MTCA (WAC 173-340-350) to document the 
investigation activities conducted at the site and the nature and extent of contamination, and provide 
the data required to support the preparation of an FS for potential cleanup actions at the site. The RI 
report will document the findings of the activities outlined in this work plan and the data collected 
using text, tables, figures, geologic/hydrogeologic cross sections, and groundwater contour maps, as 
appropriate. The report will include an assessment of the quality of the analytical data based on a 
quality assurance/quality control review, and present and discuss the data relative to the site 
screening levels. The report will also include an exclusion evaluation and a simplified TEE, if the results 
of the RI suggest a simplified TEE is necessary.  

The RI report will incorporate, as appropriate, the findings of the RI field investigations with existing 
data from previous investigations and remedial actions at the site to document and evaluate the CSM, 
including: the site stratigraphy, hydrogeology, seasonal groundwater occurrence and flow, potential 
receptors and pathways, and potential contaminant occurrence and migration. 

Per the Agreed Order (No. DE 16275), project progress reports will continue to be submitted to 
Ecology monthly, or as otherwise agreed.  
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8.0 SCHEDULE 
An anticipated schedule for the RI is summarized below. This schedule assumes that all necessary 
approvals of this final work plan will be in place by February 28, 2021. Drilling tasks are dependent on 
driller availability. 

Tasks Date Range or 
Completion Time 

Redevelopment of existing monitoring wells, utility and UST locating, and 
collection and laboratory analysis of groundwater samples from existing wells March 2021 

Collection and laboratory analysis of soil and groundwater grab samples from new 
soil borings in select investigation areas. 
Reconnaissance, and collection and laboratory analysis of groundwater samples 
from groundwater seeps along the LDW. 

March–May 2021 

Completion of all RI field work, including any additional phase(s) of investigation 
that are required after the investigation presented in this work plan 

12 months after 
Ecology approval of 

this work plan 

Submittal of Agency Review Draft RI report 
90 days after 

completion of all RI 
field work 

Variations from this schedule may be necessary based on unanticipated findings, site access 
constraints, weather delays, and potential revisions to the existing scope and budget authorization, if 
needed. If additional RI activities are needed to meet the objectives of the RI work plan, the scope, 
schedule, and submittal requirements for this additional work will be developed and discussed with 
Ecology. Substantial changes/additions will be submitted as RI work plan addenda to Ecology for 
review and approval. 
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9.0 USE OF THIS WORK PLAN 
This work plan has been prepared for the use of The Boeing Company and its designated 
representatives for specific application to the remedial investigation at the Boeing Developmental 
Center facility in Tukwila, Washington. No other party, except applicable regulatory agencies, is 
entitled to rely on the information, conclusions, and recommendations included in this document 
without the express written consent of LAI. Further, the reuse of information and recommendations 
provided herein for extensions of this project or for any other project, without review and 
authorization by LAI, shall be at the user’s sole risk. LAI 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. 
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