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EXECUTIVE SUMMARY

1.0 INTRODUCTION

The Boeing Company (Boeing) Renton Plant (Facility) is located in the City of Renton,
Washington (Figure ES-1). In 1941, this property was selected by the U.S. government to be
the site of a U.S. Air Force seaplane facility, and construction was initiated on a 95-acre parcel
of the property that was originally a marsh. In 1945, a 5,000-foot runway was constructed west
of the original 95-acre parcel on adjacent land reclaimed from Lake Washington, which later
became the City of Renton Municipal Airport. The U.S. government built aircraft on the
property until 1947, when it phased out aircraft production. In 1955, Boeing resumed aircraft

production at the Facility. Boeing purchased the original 95 acres from the Air Force in 1962.

On August 8, 1980, Boeing notified the U.S. Environmental Protection Agency (EPA)
Region 10 of its dangerous waste management activities, and the EPA assigned the generator
identification number WAD009262171 for the Renton Facility. On November 18, 1980,
Boeing filed the original Resource Conservation and Recovery Act (RCRA) Part A permit
application for the storage of dangerous wastes in a container storage unit (CSU) at

Building 4-78 and in dangerous waste tanks at the Facility.

On November 4, 1994, the Washington State Department of Ecology (Ecology) obtained
authorization from EPA Region 10 to implement RCRA corrective action requirements using
an enforceable order or decree pursuant to the Model Toxics Control Act (MTCA) regulations
(specified in Washington Administrative Code [WAC] Chapter 173-340). Boeing and Ecology
entered into Agreed Order No. DE 97HZ-N233 (Agreed Order), which became effective on

October 10, 1997, and addresses former releases of hazardous substances at the Facility.

Boeing has been working with Ecology to address historic releases of hazardous substances at
the Facility for a number of years. Work that has been completed at the Facility includes
detailed site characterization, closure of RCRA units, interim cleanup actions, implementation
of institutional controls, and quarterly and semiannual monitoring of groundwater. Boeing has
completed several requirements of the Agreed Order and has implemented programs to address
corrective action requirements at the Facility. This work has included routine reporting,
Interim Action Work Plans, the Remedial Investigation (RI) Work Plan, the final RI Report,
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and the Final Feasibility Study Work Plan (FSWP) required under the Agreed Order. The final
FSWP was approved by Ecology on June 18, 2004. This Draft Final Feasibility Study Report

is submitted in accordance with the requirements of the Agreed Order.

2.0 FEASIBILITY STUDY APPROACH

The final RI Report for the Facility presents a definitive assessment of historic hazardous
substance releases from the Facility. The RI includes an assessment of 37 solid waste
management units (SWMUSs) and areas of concern (AOCs) identified in the Agreed Order.
Based on the RI, 28 SWMUSs and AOCs were determined to require no further action, and

9 SWMU and AOC groups were recommended for inclusion in the FS. Subsequent to issuance
of the final RI, three additional AOCs were identified that were not included in the Agreed
Order. For logistical reasons, one AOC group defined in the RI (AOC-001, -002, and -003),
was separated into two sites. One additional AOC (AOC-034/-035) has been added to the FS
since the first draft FS Report was submitted. Therefore, 14 different sites (SWMU and AOC
groups) are addressed in this Draft Final FS Report (see Table ES-1).

Effective December 1, 2003, the City of Renton rezoned the Facility and some adjacent areas to
allow mixed land use. Although the rezoning will allow changes in the use of the Facility
property, Boeing will continue to build commercial airplanes there for the foreseeable future.
The Facility and the areas adjacent to each of the SWMUSs and AOCs addressed in this FS
Report are currently used only for industrial purposes and are expected to remain in industrial
use. Based on review of the land use and use characteristics on and adjacent to the Facility, it
has been determined that the Facility meets the requirements of “zoned for industrial use” of
WAC 173-340-745. It is Boeing’s expectation that the changed land use category (UC-N) will
meet Ecology’s criteria for being “zoned for industrial use” until Boeing ceases the production
of aircraft at the Facility.

The overall remediation objective of this FS is to evaluate appropriate remedial alternatives to
reduce the risks to human health and the environment resulting from constituents of concern
(COCs) in soil and groundwater and to select the preferred remedial alternative for each of the
14 sites. The active use of the Facility for manufacturing airplanes creates significant
constraints for remediation. The preferred remedial alternative for each SWMU or AOC must
be compatible with heavy industrial traffic, must not create long-term restrictions for access to
the various portions of the property, must avoid impacting the numerous existing

structures/buildings/underground utilities on the Facility, and must avoid any detrimental
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impact to the workers at the Facility. The plans for continued industrial use also facilitate the
effective implementation of institutional controls, which will be a key element in remedial

alternatives.

As discussed in the FSWP, groundwater beneath the Facility is not used and is not expected to
be used beneficially in the future (Geomatrix, 2004c). Facility groundwater discharges to
adjacent or nearby surface water bodies and is not used as a resource for any purpose. The
final RI Report indicates that groundwater flows from the Facility to these surface water
bodies—either the Cedar River Waterway or Lake Washington (Roy F. Weston [Weston],
2001a). Because these surface water bodies are in close proximity to the Facility, remedial

alternatives must attain a cleanup standard that is protective of these surface water bodies.

Cleanup standards have been established for each of the 14 sites evaluated in this FS. To be
complete, each site-specific cleanup standard must include the cleanup level, point of
compliance (POC), and any applicable regulatory requirements. A cleanup standard addressing
the above three general requirements has been established for each remedial alternative to
ensure that the potential cleanup action would be protective of human health and the

environment.

A preliminary screening of remedial technologies was presented in the FSWP. This screening
resulted in a list of potentially applicable remedial technologies to be used in a focused FS.
The screening process identified technologies compatible with site constituents, ongoing and
expected future site use and activity, and the geologic setting for the Facility. Potentially
applicable remedial alternatives were developed from the remedial technologies described in
the FSWP, and a conceptual design was prepared for each remedial alternative. The
alternatives for each SWMU and AOC were then evaluated relative to the criteria specified in

the MTCA rules to select the preferred alternative for each site.

3.0 SUMMARY OF FEASIBILITY STUDY RESULTS

This section summarizes the preferred remedial alternative for each of the 14 sites addressed in
this FS report. The key issues, preferred remedial alternatives, and estimated cost for the
preferred alternatives are presented in Table ES-2. The total estimated net present value (NPV)

cost for implementation of all preferred alternatives is about $6.5 million.
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3.1 SWMU-168 (BUILDING 5-50)
Data collected for the RI in 1999 indicate that soil at this site was affected by low levels of

methylene chloride and groundwater was affected by vinyl chloride (VC) at a concentration
just above the cleanup level. Enhanced bioremediation and monitored attenuation (MA) is the
preferred alternative for the SWMU-168 site, because it is more effective than the lowest cost
remedial alternative considered for the site and the increased costs are not disproportionate to
the increased benefits. Under this alternative, affected soils would remain capped by well-
maintained pavement or tarmac to prevent potential runoff of affected soil and infiltration of
rainfall into the affected area. The groundwater cleanup standard for this alternative will be the
groundwater cleanup levels cited in Section 3 and a conditional point of compliance (CPOC)
located on leased property downgradient of the source area. An appropriate groundwater
monitoring network, as discussed in Section 6, would be implemented to support this
remediation approach for SWMU-168. The City of Renton, the owner of the area where the
CPOC would be located, has indicated support to allow a CPOC on City property.

3.2 SWMU-172/174 (BUILDING 5-08/5-09)
The site characterization data for this site were collected in 1999 and 2000. The soil COCs

identified at this site include chlorinated solvents, benzene, and several metals. Groundwater
COCs identified in the RI included chlorinated solvents, degradation products of the solvents,
benzene, one semivolatile organic compound (SVOC), and arsenic. Soil vapor extraction
(SVE), enhanced bioremediation, and MA is the preferred remedial alternative for the SWMU-
172/174 site. Although groundwater modeling indicates that natural attenuation of organic
COCs is occurring, natural biodegradation alone would not be sufficient to achieve cleanup
levels at the CPOC. SVE would remove organic COCs in the vadose zone, thus resulting in
permanent destruction of volatile constituents. Enhanced bioremediation would promote rapid
degradation of the organic COCs to nontoxic by-products. SVE in combination with enhanced
bioremediation would be effective in attaining the cleanup standard at an on-site CPOC in a

reasonable time frame.

3.3 SWMU-179 (BUILDING 4-76)
The SWMU-179 cistern was removed in November 1990. After the buildings restricting the

original excavation were demolished in early 2004, additional soil was removed and
confirmation sampling was conducted, which confirmed that affected soil exceeding the
approved cleanup levels in the FSWP had been removed from the site. Based on the recent

cleanup action implemented for this site, no additional cleanup is necessary for SWMU-179,
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because the soil and groundwater COCs at this site (Total Petroleum Hydrocarbons, Diesel
range [TPH-D] and arsenic) meet the approved cleanup levels for soil and groundwater. The
standard POC for soil and groundwater has been met at SWMU-179, and the site is currently in

compliance with applicable environmental regulations.

3.4 BUILDING 4-78/79 SWMU/AOC GROUP

The COCs identified in the final RI Report for this SWMU and AOC group included
trichloroethene (TCE) and its degradation products, 1,1-dichloroethene (1,1-DCE), benzene,
and total petroleum hydrocarbons, gasoline range (TPH-G) in groundwater. Although no soil
COCs were identified in the final RI Report it has been assumed that soil COCs are the same as
groundwater COCs. The preferred cleanup action for the Building 4-78/79 SWMU/AOC group
includes SVE, enhanced bioremediation, MA, and monitored natural attenuation (MNA). This
alternative would provide a more extensive and rapid remediation than the other alternatives
considered. The SVE system would remove COCs from vadose zone soil within both source
areas at this site, thus resulting in permanent destruction of the volatile constituents. Enhanced
bioremediation for the solvent source area and plume would promote rapid degradation of the
solvents to nontoxic by-products. Groundwater modeling conducted for the site indicates that
natural attenuation for the benzene plume would degrade the petroleum hydrocarbons present

in the plume before the compounds reached the CPOC.

3.5 FORMER FUEL FARM

Site characterization data for the former fuel farm in the final RI Report identified several soil
COCs, including benzene, 2-methylnaphthalene, total petroleum hydrocarbons, jet fuel A range
(TPH-Jet A), and TPH-D. The groundwater COCs identified for this site in the final RI Report
were TPH-D and TPH-Jet A. Monitored natural attenuation is the preferred remedial
alternative for the former Fuel Farm. This alternative would provide the greatest benefit at the
lowest cost. Groundwater samples collected downgradient from the source areas and
upgradient from the Cedar River Waterway show that groundwater COCs have not migrated to
the waterway even though the release in the source area occurred many years ago; this indicates
that natural attenuation is an active mechanism for this site. Downgradient observations
indicate that natural biodegradation is active and that the groundwater cleanup levels would be
attained at the CPOC located just west of East Perimeter Road, which is just west of the Cedar
River Waterway. Modeling for the site has also indicated that this alternative would attain the
cleanup standard at the CPOC. The City of Renton has indicated general agreement to allow a
CPOC to be located on City property.
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3.6 AOCs-001 AND -002 (BUILDING 4-81)

In the final RI Report, AOCs-001 and -002 were combined with AOC-003 as a single AOC
group. For the FS, AOCs-001 and -002 have been separated from AOC-003 to facilitate
development and evaluation of remedial alternatives. Based on the results presented in the
final RI Report and subsequent investigations reported in the FSWP, soil COCs for
AOC-001/002 include TCE, degradation products from TCE, and TPH-G. Groundwater COCs
for this site include benzene, chlorinated solvents, solvent degradation products, and one
SVOC. An interim measure conducted in 2005 included excavation of the source area and
enhanced bioremediation within the source area. The preferred alternative for AOC-001/002
includes enhanced bioremediation and MA for the affected groundwater plume for this site.
The remediation costs for this alternative are not considered disproportionate, and this
alternative would provide a more rapid restoration time frame than the other alternatives
considered. Excavation of affected soil exceeding the soil cleanup levels has permanently
remediated much of the affected site soil. The cap provided by the existing, well-maintained
pavement or tarmac would prevent runoff of affected soil and limit infiltration of surface water.
Enhanced bioremediation would rapidly destroy constituents present in groundwater. Site-

specific cleanup levels would be attained at an on-site CPOC within a reasonable time frame.

3.7 AOC-003 (BUILDING 4-81)
The soil COC identified for AOC-003 in the final RI Report was TCE. Groundwater COCs

identified for this site in the RI included tetrachloroethene (also known as perchloroethylene or
PCE) and VC. The preferred remedial alternative for AOC-003 includes enhanced
bioremediation and MA. Remediation costs for this alternative are not considered
disproportionate, and this alternative would provide more rapid remediation than the other
alternative considered. The groundwater cleanup standard for this alternative will be the
groundwater cleanup levels for AOC-003 COCs discussed in Section 3 and an on-site CPOC
located downgradient of this site and upgradient of AOCs-001 and -002. Given that potential
risks from the site COCs in soil and groundwater can be managed through institutional controls
until bioremediation and MA attain cleanup levels, no other measures are required to attain

remediation objectives and standards.

3.8 AOC-004 (BUILDING 4-21)

Based on the final RI Report, the soil COCs for AOC-004 included several VOCs and TPH-G.
The groundwater COCs were benzene, lead, and TPH-G. The preferred alternative for AOC-

004 includes enhanced bioremediation and MA. Limited quantities of affected soil would also
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be removed under this alternative. The remediation costs for this alternative are not considered
disproportionate, and this alternative would provide more rapid remediation than the other
alternative considered. The groundwater cleanup standard for this alternative is the
groundwater cleanup levels discussed in Section 3 at an on-site CPOC located immediately

downgradient of this site.

3.9 AOC-034/035 (BUILDING 4-41)

Although site characterization data from the RI indicated that no COCs for this AOC exceeded
PCLs, it was added to the FS due to the presence of VC in groundwater that exceeded the
cleanup level negotiated with Ecology for CPOCs at the Facility. The preferred remedial
alternative for AOC-034/035 includes enhanced bioremediation and MA. Remediation costs
for this alternative are not considered disproportionate, and this alternative would provide more
rapid remediation than the other alternatives considered. The groundwater cleanup standard for
this alternative will be the groundwater cleanup levels discussed in Section 3 and an on-site
CPOC located downgradient of this site at the Facility property boundary. Given that potential
risks from the site COCs in soil and groundwater can be managed through institutional controls
until bioremediation and MA attain cleanup levels, no other measures are required to attain

remediation objectives and standards.

3.10 AOC-060 (BUILDING 4-42)
The COCs defined in the final RI Report for AOC-060 included TCE and its degradation

products in groundwater. No soil COCs were defined for this site. Monitored natural
attenuation was selected as the preferred alternative for AOC-060 because it would provide the
greatest benefit at the lowest cost. Substantial evidence was collected during the RI and
subsequent quarterly monitoring to demonstrate that natural biodegradation of organic COCs is
active at this site. Groundwater samples collected downgradient from the source areas and
upgradient from the Cedar River Waterway show that groundwater COCs have migrated off
Facility property but have not been detected in wells close to the waterway since 2002.
Modeling of natural attenuation at this site agrees with actual monitoring well data and
indicates that groundwater cleanup levels would be attained at an off-site CPOC located in the
adjacent Cedar River Trail Park within a reasonable time frame. Although groundwater COC
concentrations have exceeded cleanup levels in a limited portion of the park, they would

present no significant risks to park users.
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The City of Renton is the property owner for the Cedar River Trail Park and Nishiwaki Lane
(the access road to the park); the City has indicated general agreement to allow a CPOC to be
located in the park.

3.11  AOC-090 (BUILDING 4-65)

During the interim action source removal conducted at AOC-090 in 2004, approximately

1,500 cubic yards of contaminated soil was removed from this site. Following soil removal,
approximately 17 tons of molasses was added to the excavation area to promote and accelerate
degradation of VOCs in soil and groundwater. Evidence collected during the RI and
supplemental RI demonstrated that natural biodegradation of organic site COCs is active at this
site. Enhanced bioremediation and monitored attenuation would provide the greatest benefit at

the lowest cost for AOC-090 and was selected as the preferred remedial alternative.

Soil COCs identified for AOC-090 in the final RI Report and subsequent investigations include
several VOCs (including chlorinated solvent degradation products), SVOCs, TPH-G, TPH-D,
total petroleum hydrocarbons, motor oil range (TPH-MO), and several metals. Groundwater
COC:s for this site include VOCs (including chlorinated solvent degradation products), TPH-G,
TPH-D, and TPH-MO. Groundwater samples collected downgradient from the source areas
and upgradient from the Cedar River Waterway show that groundwater COCs have migrated
off Facility property. Separate CPOCs have been proposed for the shallow and intermediate
groundwater zones due to different flow paths in the two zones. Groundwater monitoring data
indicate that COCs are present at the CPOCs at concentrations exceeding cleanup levels.
Boeing has remediated the source area to the extent practicable and is continuing to implement
interim measures for groundwater remediation. The preferred alternative is expected to attain
cleanup levels at the CPOCs within a reasonable time frame. Groundwater characterization
data indicate that the site inorganic COCs are present only in a limited area near the source

areas and are not migrating with groundwater.

While the affected soil and the groundwater plume extend beyond the Facility property line, the
off-site area is owned by the City of Renton and consists of a public road and the Cedar River
Trail Park (also owned by the City). The City of Renton has indicated general agreement to
allow a CPOC to be located on City property. A risk assessment presented in the FSWP
indicates that the VOCs present in groundwater beneath the park do not create a significant risk

to park users.
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3.12  AOC-092 (BUILDING 4-20)
The COCs defined for AOC-092 include TPH-G in soil and benzene plus TPH-G in

groundwater. The preferred remedial alternative for AOC-092 includes source area excavation,
enhanced bioremediation, and MA. The remediation costs for this alternative are not
considered disproportionate, and this alternative would provide more rapid remediation than the
other alternatives considered. Under this remediation approach, affected soils would be
removed from the site to the extent practicable, and groundwater constituents would be actively
degraded in situ. Affected soils under the adjacent building would remain beneath the building,
which would contain the soils and prevent potential runoff of affected soil and limit infiltration

of rainfall to the source area.

3.13  AOC-093 (BUILDING 4-20)

Source Area Excavation and monitored natural attenuation is the preferred remedial alternative
selected for AOC-093. Limited excavation and removal of affected soils would be performed;
some affected soils would remain covered by the pavement or tarmac, which would prevent
potential runoff of affected soil and limit infiltration of rainfall. Given that only TPH-G was
detected in soil and no COCs were detected in groundwater, risks from this site can be
managed through institutional controls. Cleanup levels would be attained within a reasonable
time frame at an on-site CPOC located immediately downgradient from AOC-093. An
appropriate groundwater monitoring program would be implemented to ensure that this

alternative attains the cleanup standard.

3.14  AOC-094 (BUILDING 5-08)

No remedial action is needed at AOC-094 to achieve compliance with applicable
environmental regulations. The only COC identified at this site is TPH-G in soil; measured
concentrations exceeded the MTCA Method A soil cleanup level. Site data indicate that
groundwater has not been affected by the TPH-G present in soil. Therefore, site-specific data
for extractable petroleum hydrocarbons (EPH) and volatile petroleum hydrocarbons (VPH)
were used to calculate site-specific soil cleanup levels for this site. The measured TPH-G in
soil at this site is below the site-specific MTCA Method B cleanup level. Therefore, the site is
currently in compliance with MTCA regulations and no remedial action is necessary. The
standard POC for soil and groundwater has been achieved at AOC-094.
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TABLE ES-1

FEASIBILITY STUDY SWMUs' AND AOCs?
Boeing Renton Facility
Renton, Washington

SWMU/AQC
SWMU-168, Building 5-50
SWMU-172/174, Buildings 5-08 and 5-09
SWMU-179, Building 4-76

Building 4-78/79 SWMU/AOC Group
(SWMU 181, AOC-013, -014, -015, -026, -037, and -054)

Former Fuel Farm SWMU/AOC Group
(AOC-046, -047, and -048)

AOC-001/002, Building 4-81
AOC-003, Building 4-81
AOC-004, Building 4-21
AOC-034/035, Building 4-41
AOC-060, Building 4-42
AOC-090, Building 4-65 Yard
AOC-092, Building 4-20
AOC-093, north of Building 4-20
AOC-094, west of Building 5-08

Notes:
1. SWMU = solid waste management unit.
2. AOC = area of concern.
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DRAFT FINAL
FEASIBILITY STUDY REPORT
Boeing Renton Facility
Renton, Washington

1.0 INTRODUCTION

The Boeing Company (Boeing) has been working with the Washington State Department of
Ecology (Ecology) to address historic releases of hazardous substances at the Boeing Renton
Facility (Facility) located in the City of Renton, Washington. Work that has been completed at
this site includes detailed site characterization, closure of Resource Conservation and Recovery
Act (RCRA) units, interim cleanup actions, implementation of institutional controls, and
quarterly and semiannual monitoring of groundwater. Boeing has entered into Agreed Order
No. DE 97HZ-N233 (Agreed Order) with Ecology to address former releases at the Facility.
The Agreed Order was issued under the Revised Code of Washington (RCW) 70.105D.050(1)
and Washington Administrative Code (WAC) 173-303-646(3)(a), and became effective on
October 10, 1997. In accordance with the requirements of the Agreed Order, this Draft Final
Feasibility Study (FS) Report has been prepared for the Facility and is being submitted to
Ecology.

1.1 BACKGROUND

The location of the Facility is shown on Figure 1-1. In 1941, the Facility property was selected
by the U.S. government to be the site of a U.S. Air Force seaplane facility. That year,
construction was initiated on a 95-acre parcel of the property that was originally a marsh. A
5,000-foot runway was constructed in 1945 west of the original 95-acre parcel on land
reclaimed from Lake Washington, which later became the City of Renton Municipal Airport.
The U.S. government built aircraft at the facility until it phased out aircraft production in 1947.
In 1955, Boeing resumed aircraft production at the Facility, and in 1962 Boeing purchased the

original 95 acres from the Air Force.

On August 8, 1980, Boeing notified the U.S. Environmental Protection Agency (EPA)

Region 10 of its dangerous waste management activities, and the EPA assigned the generator
identification number WAD009262171 for the Renton Facility. On November 18, 1980,
Boeing filed the original RCRA Part A permit application for the storage of dangerous wastes
in a container storage unit (CSU) at Building 4-78 and in dangerous waste tanks at the Facility.
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In May 1990, Science Applications International Corporation (SAIC) performed a visual site
inspection of the Facility on behalf of EPA Region 10 as part of a RCRA Facility Assessment
(RFA). Ecology had previously approved closure of all Facility tanks in the original Part A
permit application. In December 1997, the above-grade portions of the existing Building 4-78
CSU were closed in accordance with the Ecology-approved closure plan. Currently, hazardous

wastes are not stored on the Facility for more than 90 days and no RCRA permit is required.

On November 4, 1994, Ecology obtained authorization from EPA Region 10 to implement
RCRA corrective action requirements using an enforceable order or decree pursuant to Model
Toxics Control Act (MTCA) regulations (specified in Chapter 173-340 WAC). Boeing and
Ecology signed an Agreed Order, which became effective on October 10, 1997.

1.11 Land Use and Zoning

The Boeing Company is currently consolidating its commercial airplane operations at the
Renton Facility. Consolidation of operations will create opportunities for Boeing to reoccupy
or surplus its nonessential properties and buildings, while allowing it to continue to
manufacture airplanes at the Facility. Effective December 1, 2003, the City of Renton rezoned
the Facility and some adjacent areas to allow mixed land use. Although the zoning will allow
changes in the use of the Facility property, Boeing will continue to build commercial airplanes
there for the foreseeable future. The Facility and the areas adjacent to each of the solid waste
management units (SWMUSs) and areas of concern (AOCs) addressed in this FS report are
currently used only for industrial purposes, and are expected to remain in industrial use. Based
on a review of the land use and use characteristics on and adjacent to the Facility, it has been
determined that the Facility meets the requirements of “zoned for industrial use” of WAC 173-
340-745. It is Boeing’s expectation that the changed land use category (Urban Center-North
[UC-N]) will meet Ecology’s criteria for being “zoned for industrial use” until Boeing ceases

aircraft production at the Facility.

Small areas west and south of Renton Municipal Airport are zoned for mixed use commercial
and commercial/residential. These parcels are within 0.25 mile of the properties leased by
Boeing. Additional small parcels are located within 0.25 mile of the Facility along Park
Avenue North. These commercial properties are near Boeing office buildings (such as
Building 10-20). Additional small parcels are also located within 1 mile of the of the Facility
boundary to the south and east. A parcel northeast that directly borders the Facility was

recently rezoned from industrial to commercial.
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The closest residential-zoned properties are located south of North 6th Street, which is south of
Building 10-20. Residential properties are also located within 0.25 mile west and south of the
Renton Municipal Airport. Property located east of Interstate 405 (I-405) (within 0.5 mile of
the Facility boundary) is also primarily zoned residential.

Public use areas near the Facility include land reserved for municipal and/or recreational
purposes. The largest public use area near the Facility is the Renton Municipal Airport. In
addition, Cedar River Trail Park is adjacent to the Facility along the east side of the Cedar
River Waterway, and extends north to Lake Washington. Cedar River Park and Liberty Park
are at the intersection of [-405 and the Maple Valley Highway, approximately 0.7 mile south-
southeast of the Facility boundary. Coulon Beach Park is located approximately 0.25 miles
northeast of the Facility boundary, along the shoreline of Lake Washington. Water sport
activities on Lake Washington adjacent to the Facility include fishing, boating, and water

skiing.

1.1.2 Previous Facility Investigations and Documents
The final Remedial Investigation (RI) report (Roy F. Weston [Weston], 2001a) for the Facility

presents a definitive assessment of historic hazardous substance releases from the Facility. The
RI included an assessment of 37 SWMUs and AOCs identified in the Agreed Order, plus three
new AOCs that were identified at the Facility after the Agreed Order was issued. Preliminary
cleanup levels (PCLs) were developed as part of the RI for each constituent of concern (COC)
identified in the RI. The PCLs were used to evaluate the results of the soil and groundwater
investigation at each of the SWMUs and AOCs and to determine if potential risks were present
for either human health or the environment. Based on the results of this evaluation, the final RI
Report recommended that nine SWMU and AOC groups (sites) be included in the FS. Four
additional sites (AOC-034/035, AOC-092, AOC-093, and AOC-094) were identified after the
RI investigation was completed and will also be included in the FS. Due to the physical
separation between AOC-001/AOC-002 and AOC-003 and because the groundwater plume
from AOC-003 does not extend to AOCs-001 and -002, the AOC group defined as
AOC-001/002/003 in the final RI Report has been divided into one AOC group (AOCs-001 and
-002) and a separate AOC (AOC-003) for this FS. Thus, 14 different sites (SWMUs, AOCs,
and AOC groups) are addressed in this FS report. These sites are based on the final RI Report,
sites identified during investigations subsequent to the RI, and the division of one AOC group
defined in the RI (see Table 1-1). The location of the SWMUSs and AOCs addressed in this FS

report are shown on Figure 1-2.
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Boeing has completed several requirements of the Agreed Order and has implemented
programs to address corrective action requirements at the Facility. This work has included
routine reporting, the Interim Action Work Plan, the RI Work Plan, the final RI Report, and the
final FS Work Plan (FSWP) required under the Agreed Order. The final FSWP was approved
by Ecology on June 18, 2004 (Geomatrix, 2004c).

This FS report was prepared in accordance with the FSWP, and presents the results of the
focused FS that was performed to evaluate potential remedial alternatives for the Facility and to
select the preferred approach for addressing historical releases at the Facility. Potential
remedial alternatives for each of the 14 AOC and/or SWMU sites are identified and evaluated
in this FS report. Preferred corrective actions are identified and recommended for

implementation to address corrective action issues for these 14 sites within the Facility.

1.2 FEASIBILITY STUDY APPROACH

This FS is based on the findings presented in the final RI Report, supplemental data presented
in the final FSWP, and the approach presented in the FSWP. As described in the FSWP, a
focused FS was performed for the 14 sites where historic releases exceeded PCLs in soil and/or
groundwater. Each of these 14 sites is discussed separately in Sections 6 through 19 of this
report. Several elements related to the remediation objectives, cleanup standards, conceptual
remedial designs, and evaluation criteria are consistent among the various alternatives
developed and considered for the SWMUSs and AOCs addressed in this FS. These common
elements are presented and discussed in separate sections addressing these topics (Sections 2
through 5) rather than the sections devoted to the individual SWMUSs and AOCs (Sections 6
through 19).

The objective of this FS is to evaluate appropriate remediation alternatives and select the
preferred remedial alternative for each of the 14 sites listed in Table 1-1. This was
accomplished by identifying and evaluating potential remedial alternatives appropriate to
address the risks to human health and/or the environment posed at each site. This FS was
performed in accordance with the requirements of the Agreed Order, MTCA regulations, and
the approved FSWP. Requirements for selecting cleanup actions (WAC 173-340-360) are also
addressed in this FS.

The focused FS for the Facility followed the procedures and processes provided in the
approved FSWP. Only remedial technologies included in the FSWP were used to develop
remedial alternatives for each of the 14 sites. The approved cleanup levels presented in the
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FSWP and the methods for establishing cleanup levels described in the FSWP were used to
establish remedial objectives and to evaluate points of compliance (POCs). Modeling was
performed as specified in the FSWP to assess natural attenuation of COCs, as appropriate for
each of the 14 sites, and to establish site-specific soil cleanup levels protective of groundwater.

The modeling also supported evaluation of potential conditional POCs (CPOC:s).

Individual sections of this FS report present the FS for each of the 14 sites addressed. The
general Facility geology, hydrogeology, and environmental setting were fully described in the
final RI Report and summarized in the FSWP. These general discussions about the Facility
have not been repeated in this FS report. Key factors and issues regarding site-specific
geologic, hydrogeologic, and environmental concerns are discussed for each individual SWMU
or AOC addressed in this FS. Cleanup levels and POCs specific to each site are also presented

in the sections specific to each site.

1.3 REPORT ORGANIZATION

This FS report is organized into the following sections:

e Section 1 — Introduction. This section presents an overview of the Facility and
previous work completed in support of the corrective action process and describes
the general document organization.

e Section 2 —Remediation Objectives. The potential exposure pathways and
remediation objectives applicable to each of the 14 sites addressed in this FS are
presented in this section.

e Section 3 — Cleanup Standards. A summary of the approach to establish and
evaluate cleanup standards specific to each of the 14 sites is presented in this
section.

e Section 4 — Potentially Applicable Remediation Technologies. An overview of the
remedial technologies considered in this focused FS is provided in this section.

e Section 5 — Remedial Alternative Evaluation Criteria. This section presents the
criteria used to evaluate and compare remedial alternatives for each site and the
relevant elements common among the 14 sites addressed in this FS.

e Sections 6 through 19 — Development and Evaluation of Remedial Alternatives.
These sections present the results of the FS for each of the 14 sites.

e Section 20 —Summary of Preferred Remedial Alternatives. This section presents the
preferred remedial alternative for each site and compares the alternative to
regulatory criteria for selection of a cleanup action.
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e Section 21 — References. Documents and other resources that were cited in this
report are listed in this section.
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TABLE 1-1

FEASIBILITY STUDY SWMUs' AND AOCs?
Boeing Renton Facility
Renton, Washington

SWMU/AQC
SWMU-168, Building 5-50
SWMU-172/174, Buildings 5-08 and 5-09
SWMU-179, Building 4-76

Building 4-78/79 SWMU/AOC Group
(SWMU 181, AOC-013, -014, -015, -026, -037, and -054)

Former Fuel Farm AOC Group
(AOC-046, -047, and -048)

AOC-001/002, Building 4-81
AOC-003, Building 4-81
AOC-004, Building 4-21
AOC-034/035, Building 4-41
AOC-060, Building 4-42
AOC-090, Building 4-65 Yard
AOC-092, Building 4-20
AOC-093, north of Building 4-20
AOC-094, west of Building 5-08

Notes:
1. SWMU = solid waste management unit.
2. AOC = area of concern.
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2.0 REMEDIATION OBJECTIVES

The overall remediation objective of this FS is to identify the preferred alternatives to reduce
the risks to human health and the environment resulting from COCs in soil and groundwater at
the Renton Facility to acceptable levels. All remedial alternatives must address the Conceptual
Site Model (CSM) developed in the FSWP and the site migration and exposure pathways of
concern described in Section 2.1 below. Furthermore, the remediation considerations and
remediation objectives established for the Facility (Sections 2.2 and 2.3) will provide the

framework for development of remedial alternatives.

2.1 FACILITY MIGRATION AND EXPOSURE PATHWAYS OF CONCERN

Migration pathways that may result in exposure of human or ecological receptors to site COCs
must be addressed by the remedial alternatives. Based on the CSM described in the FSWP, the
following migration pathways are of concern for AOCs and SWMUs at the Facility:

e Leaching of contaminants from affected on-site soil to on-site groundwater; and

e Migration of contaminant-affected groundwater from the site to either Lake
Washington or the Cedar River Waterway.

The following exposure pathways are of concern for AOCs and SWMU s at the Facility:

e Exposure of temporary construction workers to contaminant-affected soil from
direct ingestion, dermal contact, particulate inhalation, or inhalation of volatiles
released from affected soil;

e Exposure of temporary construction workers to contaminant-affected groundwater
from dermal contact or inhalation of volatile compounds released from affected
groundwater;

e Exposure of residential users of publicly supplied potable water drawn from the
Cedar River Waterway or Lake Washington due to ingestion, dermal contact, or
inhalation of contaminants present in groundwater entering either Lake Washington
or the Cedar River Waterway from the Facility;

e Exposure of people harvesting fish from portions of the Cedar River Waterway or
Lake Washington that are affected by groundwater entering the waterway or lake
from the Facility;

e Exposure of recreational users of the Cedar River Waterway and Lake Washington
due to direct dermal contact or ingestion of contaminants present in surface water;
and

J:\8888.000 Boeing Renton\092\Draft Final Feasibility Study Report June 2008 Sx.doc 2- 1



&= Geomatrix

e Exposure of small aquatic mammals, benthos, fish, piscivorous birds, and/or raptors
through ingestion of affected surface water, dermal contact with affected surface
water, or ingestion of affected fish or affected aquatic biota.

2.2 FACILITY REMEDIATION CONSIDERATIONS

Several considerations specific to the Facility will affect remediation and the development of
remedial alternatives. The current and future classification of the Facility under industrial land
use will affect the establishment of cleanup levels and constrain the nature and extent of
remedial actions. Two major water bodies are located in the immediate vicinity of the Facility,
which will influence cleanup levels and site-specific remedial objectives. The Facility is
located within an area where shallow groundwater discharges to surface water, where there is
no beneficial use of groundwater either on the Facility or between the Facility and the
groundwater discharge areas, and where there is a reliable alternate supply of potable water
provided by the City of Renton. These factors define the potential groundwater exposure

pathways.

As noted in the final RI Report, the Facility is almost entirely developed with buildings and
paved surfaces and is currently being used as an industrial facility. Boeing intends to maintain
the Facility as a manufacturing facility for the foreseeable future. The active use of the Facility
for manufacturing airplanes creates significant constraints for remediation. The preferred
remedial alternative for each SWMU or AOC must be compatible with heavy industrial traffic,
must not create long-term restrictions for access to the various portions of the property
(including buildings), must avoid impacting the existing structures/buildings/underground
utilities on the Facility, and must avoid any detrimental impact to the workers at the Facility.
The heavy building development and surface paving on the Facility also effectively limit the
potential for constituent migration, because the buildings and pavement or tarmac, which are
continually maintained, act as a cap and therefore significantly limit infiltration of surface
water into affected areas. The plans for continued industrial use also facilitate the effective

implementation of institutional controls, which will be a key element in remedial alternatives.

The eastern portion of the Facility is located adjacent to Nishiwaki Lane and the Cedar River
Trail Park, which runs along the eastern shore of the Cedar River Waterway and a portion of
the southern shore of Lake Washington. The western portion of the Facility is located within
the Renton Municipal Airport west of East Perimeter Road, which borders the western
shoreline of the Cedar River Waterway. The final RI Report indicates that groundwater flows

from the Facility to these surface water bodies. Because these surface water bodies are in
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proximity to the Facility, remedial alternatives must attain a cleanup standard that is protective
of freshwater aquatic life. Additionally, the remedial alternatives must ensure that state water
quality designations are maintained for these two surface water bodies. The remedial
alternatives must also effectively limit surface runoff from affected media, both during and

after implementing remedial action.

Groundwater beneath and downgradient of the Facility (both east and west of the Cedar River
Waterway) is not currently used as a water supply and it is not expected to be used as such in
the future. Withdrawal of shallow Facility groundwater may be restricted by Ecology because
current flow rates in the Cedar River Waterway are near the minimum rates established in
WAC 173-508-060, and groundwater withdrawal would reduce the rate of discharge to the
waterway. The result of an extensive search for wells located within a 1-mile radius of the
Facility was presented in the final RI Report (Weston, 2001a). The RI concluded that none of
the wells within a 1-mile radius would draw groundwater from beneath the Facility. The City
of Renton operates water supply wells in locations upgradient from the Facility; however, the
Facility is located outside the aquifer protection area (APA) defined by the City of Renton to
protect their supply wells (City of Renton Municipal Code, Title IV 4-3-050). These supply
wells provide an alternate water supply for industrial, commercial, and residential users in the
vicinity of the Facility. Since the Facility property is owned either by Boeing or by the City of
Renton, and since the Facility is located very near or adjacent to surface waters receiving
groundwater discharge, it is very unlikely that any future supply wells would be located in the

vicinity of the Facility.

Existing aquifer conditions would limit beneficial use of groundwater from beneath the
Facility. The RI found that groundwater beneath the Facility contains elevated levels of
arsenic, iron, and manganese. The RI also demonstrated that upgradient arsenic concentrations
are not significantly different from those present at the Facility. The concentrations of iron and
manganese exceed Ecology groundwater criteria (WAC 173-200). Detected iron
concentrations were more than two orders of magnitude greater than Ecology criteria, and
manganese concentrations were more than one order of magnitude greater. As noted in the
final RI Report, elevated iron and manganese concentrations have been noted elsewhere in
similar depositional environments (Weston, 2001a). Additionally, a significant portion of the
Facility is a former wetland that was reclaimed in the 1930s and 1940s by placement of fill.
Groundwater within fill areas is not typically used as a water resource. Because the final RI

Report states that natural iron and manganese concentrations in Facility groundwater exceed
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the secondary drinking water maximum contaminant levels (MCLs) established under 40 Code
of Federal Regulations (CFR) 143, it is unlikely that Facility groundwater will be used for
potable purposes.

In summary, groundwater beneath the Facility is not used beneficially and is not expected to be
used beneficially in the future. Facility groundwater discharges to adjacent or nearby surface
water bodies and is not used as a resource for any purpose. Existing uses of groundwater in the
immediate vicinity of the Facility, including the City of Renton, do not draw from beneath the
Facility. The Facility is outside the anticipated future extent of known resource uses because it
is outside the Renton APA. Due to the natural chemical composition of groundwater beneath
the Facility, it is not expected that the groundwater will be used as a resource in the future,
especially since an alternate source of water, the Renton public water system, is readily
available to all users. Therefore, remedial alternatives may effectively address potential
exposure pathways related to use of groundwater by institutional controls. However, because
the Facility is located near surface water bodies classified for potential use as a water supply, it
will be necessary for remedial alternatives to address potential exposure to aquatic receptors
and to support beneficial use of the surface water, including supply of drinking water.

2.3 FACILITY REMEDIATION OBJECTIVES

Remediation objectives have been established that are applicable to all AOCs and SWMU s at
the Facility. Remedial alternatives developed for each of the SWMUs and AOCs must address
the remediation considerations in addition to remediation objectives that are necessary to

address specific remediation concerns or issues. The remediation objectives are as follows:

e Protect human health and the environment from risks related to the constituents
present in soil and groundwater at AOCs and SWMUs;

e Attain a cleanup standard meeting the requirements specified in the MTCA
regulations;

e Prevent the release of soil and groundwater constituents from AOCs or SWMUs to
Lake Washington or the Cedar River waterway at concentrations that may adversely

affect human or ecological receptors;

e Prevent exposure of on-site workers to soil and groundwater constituents at levels
that may cause adverse human health impacts;

e Attain soil cleanup levels protective of continued industrial use of the facility;
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e Minimize potential disruption of ongoing Facility activities and installations;
e Support continued use of the Facility for industrial purposes; and

e Comply with applicable state and federal regulations for site cleanup, health and
safety, and waste management.

The above objectives will be addressed by the remedial alternatives established for each site.
Additional objectives specific to the SWMU or AOC being addressed may be established as

appropriate.
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3.0 CLEANUP STANDARDS

Cleanup standards have been established for each of the 14 sites evaluated in this FS. To be
complete, each site-specific cleanup standard must include the cleanup level, POC, and any
applicable regulatory requirements. As noted in Section 6 of the approved FSWP, it is
expected that CPOCs will be established for remedial alternatives and that some alternatives
may include off-site CPOCs. This is particularly relevant for AOC-060 and AOC-090, where
COCs have been detected in off-site groundwater, and for other sites such as SWMU-172/174,
where groundwater constituents have been detected near the property line. If an oft-site CPOC
is considered for a site, groundwater upgradient of the CPOC may exceed cleanup levels.
Therefore, it is necessary to assess potential risks to human health and the environment that
may be associated with groundwater exceeding cleanup levels upgradient from the CPOC.
Appropriate measures, including institutional controls and engineering controls, must be

included in remedial alternatives to ensure that remediation objectives are attained.

Remedial alternatives included in this FS must be capable of attaining cleanup standards that
meet regulatory requirements. The MTCA regulations (WAC 173-340-200) require that the

cleanup standard specify the following:

e Cleanup levels defined in accordance with MTCA regulations;
e The POC established in accordance with MTCA regulations; and

e Additional regulatory requirements that apply to the specific cleanup action and
POC.

A cleanup standard addressing the above three general requirements has been established for
each remedial alternative to ensure that the potential cleanup action would be protective of

human health and the environment.

Cleanup levels for individual hazardous substances are required to be adjusted downward if the
total combined excess cancer risk potential (calculated in accordance with MTCA methods) for
the carcinogenic substances would exceed one in one hundred thousand (1 X 107), or if the
hazard index (HI) calculated in accordance with MTCA methods exceeds 1. The HI is
calculated by summing hazard quotients (HQs) for individual COCs. The cleanup levels

applicable at the CPOCs must be adjusted to meet these two total risk criteria.
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3.1 CLEANUP LEVELS

The proposed cleanup levels used for this FS are based on the FSWP and subsequent
negotiations with Ecology. Groundwater beneath each of the SWMUSs and AOCs present at the
Facility discharge either to the Cedar River Waterway or to Lake Washington. Therefore,
under MTCA requirements the groundwater cleanup levels must be protective of surface water.
This protection was accomplished by ensuring cleanup levels do not exceed applicable or
relevant and appropriate requirements (ARARS) protective of surface water and by conducting
groundwater modeling to conservatively establish concentrations at the proposed CPOCs that
would attenuate to protective levels before discharge to surface water. The proposed
groundwater cleanup levels were also adjusted in accordance with the MTCA regulations

considering practical quantitation limits (PQLs) and total risk criteria.

3.1.1  Soil Cleanup Levels

Since the Facility is under industrial land use, most soil cleanup levels for specific COCs will
be established in accordance with MTCA Method C requirements, as described in the FSWP.
The Method C soil cleanup levels must be protective of human health and the environment and
protective of groundwater. Cleanup levels for total petroleum hydrocarbons (TPH) will
generally be based on MTCA Method A levels for industrial properties; however, if deemed
appropriate, Boeing will work with Ecology to assess extractable petroleum hydrocarbons
(EPH) and volatile petroleum hydrocarbons (VPH) data to establish TPH cleanup levels
applicable to specific SWMUSs or AOCs.

The proposed soil cleanup levels for each SWMU or AOC are summarized on Table 3-1.
These are either (1) Industrial Method A cleanup levels for TPH or (2) standard or modified
Method C cleanup levels developed in accordance with WAC 173-340-745, as described in the
approved FSWP. The modified Method C soil cleanup levels are protective of groundwater at
the CPOC established for the specific site. These soil cleanup levels were developed
specifically to apply to the designated SWMUs or AOCs. The procedures outlined in the
FSWP and subsequently negotiated with Ecology were used to develop these modified
Method C soil cleanup levels. The modified Method C soil cleanup levels are based upon
partitioning of the COC to groundwater from soil and consider natural attenuation that would
occur as the affected groundwater flows to the CPOC. Natural attenuation was modeled using
BIOCHLOR or BIOSCREEN, as appropriate for the COCs. The modeling procedures
specified in Section 6 of the FSWP were used for the modeling. Partitioning of the COC

between soil and groundwater was calculated using the procedures specified in the MTCA
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regulations and the parameters specified in the FSWP. The modified Method C cleanup level
calculated in this manner would be protective of groundwater at the CPOC. Details regarding
calculation of the modified Method C soil cleanup levels are presented in Appendix A.
Standard Method C soil cleanup levels protective of groundwater (using the Method B
groundwater criteria discussed in Section 3.1.2) were used for proposed soil cleanup levels for
those constituents for which groundwater cleanup levels protective of groundwater at the
CPOC were not established. As shown by the bold entries under the Hazard Quotient/Index
and Calculated Cancer Risk Potential headings, the Hazard Index and total risk potential based
on the proposed soil cleanup levels are both well below the MTCA thresholds of 1.0 for Hazard
Index and 10 for the total cancer risk potential.

The soil cleanup levels tabulated in Table 3-1 for TPH-Gasoline (TPH-G) (both with and
without benzene), TPH-Diesel (TPH-D), and TPH-Motor Oil (TPH-MO) are based on MTCA
Method A cleanup levels for industrial properties. These cleanup levels will be applied to those
sites with TPH-affected soil. If appropriate, EPH/VPH data may be collected during final
design or implementation of a cleanup action to support calculation of cleanup levels for TPH
in soil that would be specific to the SWMU or AOC evaluated. If EPH/VPH data are collected
for a SWMU or AOC, the soil cleanup levels would be calculated using the methods specified
in WAC 173-340-700(8).

3.1.2  Groundwater Cleanup Levels

Cleanup levels for groundwater proposed in this FS have been re-evaluated based on
negotiations between Ecology and Boeing, the current Ecology cleanup levels and risk
calculation (CLARC) database, and PQLs for the analytical methods to be used for
groundwater monitoring. The cleanup levels proposed in the FSWP were also considered in re-

evaluating groundwater cleanup levels for the facility.

The re-evaluation of groundwater cleanup levels for each SWMU and AOC is summarized in
Table 3-2. Table 3-2 includes the cleanup levels proposed in the approved FSWP, the current
Method B cleanup levels obtained from the CLARC database (Ecology, 2007), and the
potential CPOC cleanup levels that were used to assess the HI and cumulative cancer risk
potential at the CPOC. The potential CPOC cleanup level was determined as follows.

1. The potential CPOC cleanup level was initially set to the Method B cleanup criteria
for constituents other than tetrachloroethene (also known as perchloroethylene or
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PCE), trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl
chloride (VC).

2. For PCE, TCE, cis-1,2-DCE, and VC, the potential CPOC cleanup level was
initially set to the lower of the Method B cleanup criteria or the modeled
groundwater concentration at the CPOC protective of surface water, based on the
modeling presented in Appendix A.

3. The potential CPOC cleanup levels were then adjusted as necessary so that the HI
was less than or equal to 1 and so that the cumulative cancer risk potential
(calculated in accordance with MTCA) was less than or equal to 107

4. Since cleanup levels cannot be set at levels lower than PQLs, the proposed CPOC
cleanup levels listed in Table 3-2 were established as the adjusted potential CPOC
cleanup level or the PQL, whichever was higher.

5. For petroleum hydrocarbons, the MTCA Method A cleanup levels were selected for
proposed CPOC cleanup levels, as described in the FSWP.

The procedure used for establishing the proposed CPOC cleanup levels in Table 3-2 is
consistent with guidance established by Ecology (Ecology, 1993) and with cleanup level
negotiations between Ecology and Boeing during preparation of the FS. The Method B
Cleanup Levels listed in Table 3-2 were taken from the CLARC website (Ecology, 2007) and
are the lowest values reported for the standard Method B formulae (carcinogenic and
noncarcinogenic) for groundwater and surface water and for groundwater and surface water
ARARs. The adjustments for cumulative HI and cancer risk potential were made in general
accordance with Ecology guidance that indicates that the cumulative risk evaluations should be
based on risk-based cleanup criteria rather than PQLs. The MTCA regulations [WAC 173-340-
720(7)(c)] specify that cleanup levels shall not be set at concentrations lower than PQLs. The
PQLs listed in Table 3-2 are the current reporting limits for the project laboratory, Analytical
Resources, Inc., as obtained from the laboratory in October 2007. The PQLs for volatile
organics are based on either selected ion monitoring (SIM) methods or a 20-milliliter (mL)
extraction method. The PQLs for metals are based on graphite furnace or cold vapor atomic
absorption spectrophotometry. PQLs for semivolatile organic compounds (SVOCs) are based
on the standard 8270 gas chromatography/mass spectrometry (GC/MS) method.

Both Lake Washington and the Cedar River Waterway have been classified as potential sources
for public water supply. Therefore, the proposed CPOC groundwater cleanup levels were
established to be protective of both human health and ecological receptors. Table 3-2 lists the
groundwater COCs for each of the SWMUs/AOCs and the groundwater cleanup levels.
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Groundwater meeting these cleanup levels at the CPOC would be protective of surface water

use for public water supply and for aquatic life.

3.2 POINTS OF COMPLIANCE

Cleanup levels are applied at the POC to assess compliance with the groundwater cleanup
standard, as specified in the MTCA regulations. The standard POC for each of the 14 sites is
defined as applying throughout that site. A CPOC is located at a designated location
downgradient from the source area and must be established to meet regulatory requirements. If
it can be demonstrated in accordance with the MTCA regulations that it is not practicable to
meet the groundwater cleanup level at the standard POC within a reasonable time frame,
Ecology may approve a CPOC. As noted in the FSWP, many of the SWMUs and AOCs
addressed in the FS will likely require a CPOC to comply with MTCA regulations.

According to the provisions of WAC 173-340-720(8), a CPOC must be as close as practicable
to the source area and cannot extend outside the property boundary unless the property is near
to or abutting surface water or if there is an area-wide groundwater contamination problem.
Where the groundwater cleanup level is based on protection of surface water, Ecology may
approve a CPOC that is located within the surface water or as close as technically possible to
the point or points where groundwater flows into the surface water. The Facility borders Lake
Washington and is located near the Cedar River Waterway. Therefore, as noted in the
approved FSWP, CPOCs may be proposed at locations between the SWMU/AOC source areas
and the Lake Washington shoreline, the shoreline along the Cedar River Trail Park, or along

East Perimeter Road east of the Renton Municipal Airport.

The relevant regulatory provisions for establishing CPOCs are presented in WAC 173-340-
720(8). These provisions also provide for the establishment of an off-site CPOC beyond the
Facility property lines. The specific requirements applicable to the Facility, where groundwater

discharges to surface water, are as follows.

e [t must be demonstrated through the RI/FS and cleanup action selection/planning
process conducted in accordance with WAC 173-340-350 through 173-340-390 that
it is not practicable to attain the standard POC within a reasonable time frame.

e All practicable methods of treatment have been used for cleanup of the affected
groundwater before it discharges to surface water.
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e Affected groundwater will continue to discharge to the surface water after
implementation of the cleanup action.

e No surface water mixing zone has been used in attaining cleanup levels at the
CPOC.

e The groundwater discharge will not cause violations of sediment quality values
specified in WAC 173-204.

e Groundwater and surface water monitoring are conducted as appropriate to assess
the long-term performance of the cleanup action, including the potential for
bioaccumulation for constituents below detection limits.

e Public notice of the CPOC has been provided to the natural resource trustees,
Washington Department of Natural Resources, and the U.S. Army Corps of
Engineers.

e Ifthe CPOC is on an off-site property, any property owners located between the
source property and the surface water body must agree (in writing) to the CPOC.

e Ifthe CPOC is on an off-site property and the extent of the plume exceeding the
cleanup level is known and does not reach the surface water body, the CPOC cannot
be located beyond the extent of affected groundwater exceeding the cleanup level at
the time the CPOC is approved.

These requirements must be addressed to establish a CPOC. For cleanup alternatives
incorporating a CPOC, the regulations in WAC 173-340-720(8)(e) provide for use of upland
monitoring wells to demonstrate compliance at the groundwater CPOC. Under these
provisions, Ecology must consider that natural attenuation of groundwater constituents may
occur between the monitoring wells and the surface water. An estimate of natural attenuation

that considers the following can be used to assess attainment of cleanup levels at the CPOC:

e The rate of attenuation,
e The presence of preferential flow pathways, and

e Any effects that changes in water chemistry due to natural attenuation processes
may have on attaining surface water or sediment quality standards.

The procedures for establishing CPOCs were presented in Section 6 of the approved FSWP.
These procedures include modeling of natural attenuation processes to assess concentrations

downgradient from the source area. The procedures specified in the approved FSWP were
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followed for modeling natural attenuation of COCs for specific sites and for establishing

CPOCs downgradient from source areas.
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4.0 POTENTIALLY APPLICABLE REMEDIATION TECHNOLOGIES

A preliminary screening of remedial technologies was presented in the FSWP. This screening
resulted in a list of potentially applicable remedial technologies to be used in a focused FS.
The screening process identified technologies compatible with site constituents, ongoing and
expected future site use and activity, and the geologic setting for the Facility. The technology
screening and resulting list of remedial technologies was approved by Ecology as part of the
approved FSWP. The remedial technologies listed in the approved FSWP will be used to
develop appropriate remedial alternatives for each of the SWMUs and AOCs addressed by this
FS report.

4.1 SOIL REMEDIATION TECHNOLOGIES

The two soil remediation technologies that passed the screening presented in the FSWP and

that are potentially applicable to the 14 sites at the Facility are summarized in Table 4-1. These
technologies will be incorporated into remedial alternatives considered for each of the SWMUs
and AOCs addressed in this FS report. The potentially applicable soil remediation technologies

are described below.

4.1.1  Source Removal and Disposal

Application of source removal and disposal technology would result in excavation of affected
soils, characterization in accordance with the Dangerous Waste Regulations (WAC 173-303),
and disposal at an off-site facility designed and licensed to handle the waste classification. This
technology would be very effective at reducing concentrations of all constituents within the site
subsurface soils, thereby removing the source for constituents present in the surrounding
groundwater. However, this technology would not destroy constituents present in excavated
soil unless specific treatment is required prior to soil disposal; site constituents would generally

be relocated to another, more secure location.

For most of the sites addressed by this FS report, excavation would be constrained in depth by
the shallow water table beneath the site and in areal extent by the presence of buildings,
underground utilities, property lines, and other improvements on the property. Because the
Facility is actively manufacturing large aircraft, daily operations would also significantly affect
the extent and scheduling of excavation. Excavation would create potential risks for the
excavation workers, and release of volatile constituents during excavation could affect

production workers. Transporting the excavated material to the off-site disposal facility would
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create risks due to the potential for accidental releases during transport. It is likely that
excavated soil affected by volatile organic compounds (VOCs) would require interstate
shipment. Although the excavated material would be placed in a secure, permitted landfill,
some potential risk would remain for release of constituents present in the soil to the
environment. Costs for transportation and disposal would also be very high for soils affected
by VOCs.

4.1.2 Soil Vapor Extraction/Bioventing

The use of soil vapor extraction (SVE) and bioventing have a long and successful history for
remediation of soils within the vadose zone. SVE is often implemented in conjunction with air
sparging (AS) of groundwater as well as with bioventing. SVE has been proven to reduce
volatile constituent levels in the subsurface by removal of soil gas, desorption of VOCs from
soil and nonaqueous phase liquids (NAPL), and volatilization of constituents from
groundwater. Systems for implementing SVE typically consist of several vapor extraction
wells installed in the source area vadose zone to collect soil gas. The soil gas is usually drawn
from the vapor extraction wells to a manifold using a blower, with the blower discharge

typically treated by an oxidizer or adsorber unit.

Implementation of SVE is intrusive in that many wells are typically required. Off-gas
collection and treatment are typically included to limit potential exposure of on-site workers
and off-site receptors. Air permitting requirements would be extensive for implementation of
SVE at the Renton Facility because the Facility is currently classified as a major source under
the Clean Air Act. Special design considerations (e.g., below-grade piping) may be required
for implementation within the Facility to allow free movement of plant traffic and materials
within the area to be remediated. Long-term operation of the SVE system may also be
necessary to attain low cleanup levels. Costs for SVE systems are likely to be moderate to high
and depend on the number of wells required, permitting requirements, and the type of off-gas

treatment utilized.

4.2 GROUNDWATER REMEDIATION TECHNOLOGIES

The groundwater remediation technologies that passed the screening presented in the FSWP
and are potentially applicable to the sites are summarized in Table 4-2. These technologies will
be incorporated into remedial alternatives considered for each of the SWMUSs and AOCs
addressed in this FS report. The potentially applicable groundwater remediation technologies

are described below.
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4.2.1  Biosparging/Air Sparging

Biosparging and AS are based on injection of air into groundwater. For biosparging, the
objective is to dissolve oxygen to promote aerobic biodegradation of constituents such as
petroleum hydrocarbons or VC. The objective for AS systems is to strip dissolved VOCs from
groundwater to the injected air. Sparge or biosparging wells are installed into the saturated
zone. Air is delivered to the wells using a compressor or blower. SVE systems are typically
installed in conjunction with AS systems and sometimes with biosparging systems to collect
volatile components released from groundwater. Biosparging or AS systems can be installed as
distributed systems located throughout the source area or affected groundwater plume or as a

barrier designed to intercept groundwater flowing from the source area.

Implementation of biosparging or AS systems is intrusive in that many wells are typically
required. Off-gas collection and treatment may be needed to limit potential exposure of on-site
workers and off-site receptors. Air permitting requirements could be significant if a large
quantity of volatilization is generated from the SVE system, because the Renton Facility is
currently classified as a major source under the Clean Air Act. Special design considerations
(e.g., below-grade piping) may be required for implementation of this technology within the
Facility to allow free movement of plant traffic and materials. Long-term operation of a
biosparging or AS system may be needed to attain low cleanup levels. Costs for biosparging or
AS systems are likely to be moderate to high and depend on the number of wells required,

permitting requirements, and whether off-gas treatment is necessary.

422 Enhanced In Situ Bioremediation

Enhanced in situ bioremediation is a proven remediation technology that increases
biodegradation of groundwater constituents by adding electron donors or electron acceptors and
necessary nutrients to the affected zone. Aerobic bioremediation accomplished by addition of
electron acceptors (such as oxygen) is commonly used on petroleum hydrocarbons. Anaerobic
bioremediation accomplished by the addition of electron donors (such as lactate or molasses) is
effective to enhance biodegradation of chlorinated solvents. Anaerobic bioremediation
accomplished by adding electron acceptors (such as calcium nitrate) has been effective for
enhancing degradation of some nonchlorinated constituents. Anaerobic and aerobic

bioremediation can also be done sequentially.

Several different approaches have been developed and used for implementing enhanced in situ

bioremediation in the United States and elsewhere. The electron donor or electron acceptor has
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been injected directly into the affected zone using wells or push probes. The electron donor or
acceptor material has also been mixed into the soils following excavation, gradually releasing
the materials to groundwater. For some applications, groundwater is pumped to the surface to
add the electron donor or acceptor and then reinjected to create a recirculation zone with high
biological activity. Injection or recirculation systems have also been implemented in a
distributed approach, with injection or recirculation occurring over the plume or as a barrier
intercepting groundwater flow. Distributed and barrier approaches can also be combined to

fully address the source area and downgradient plume.

Enhanced in situ bioremediation can be designed to have minimal impact on existing
operations, but special design (e.g., buried lines) may be required for compatibility with
Facility activities. Depending on constituent levels, successive chemical applications may be
required over time to ensure all affected areas have been effectively treated and cleanup levels
attained. Substantial groundwater monitoring is also typically required to confirm the

effectiveness of this treatment.

This method works best when combined with selective source removal, as has already been
done for many of the SWMUSs and AOC:s at the Facility. Biofouling of injection wells can
occur, which may necessitate periodic maintenance of the injection wells. Also, existing,
natural groundwater constituents (such as iron) can adversely affect the use of aerobic
bioremediation by creating a high natural oxygen demand. Costs for enhanced bioremediation
systems are expected to be moderate. The term “monitored attenuation,” or MA, will be used

in this document to refer to groundwater monitoring following enhanced in situ bioremediation.

4.2.3 In-Well Air Stripping

In-well air stripping (IWAS) is an in situ technology used to strip VOCs from groundwater
within properly designed wells. It is used primarily for VOCs and TPH-G compounds. This
technology typically uses wells with two screens appropriately spaced. Compressed air is
discharged into the well, thereby reducing the density of the water inside the well and inducing
upward flow. As the air bubbles through the water, VOCs are stripped and discharged with the
air. The stripped groundwater then re-enters the aquifer through the upper screen, thus creating
a recirculation cell with groundwater flowing toward the deeper inlet screen. The air exiting
the groundwater is typically treated to control emissions of VOCs. Emissions can be controlled
using oxidation or adsorption systems. The IWAS wells also create a zone of oxygenated

groundwater that can enhance aerobic biodegradation but that may inhibit anaerobic processes,
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such as reductive dechlorination. IWAS systems can be implemented by distributing the wells
over the affected area or by constructing a barrier to intercept groundwater flowing from the
source area. Downgradient monitoring is required to confirm the effectiveness of this

technology.

IWAS systems can be designed to have a minimal impact on existing Facility operations.
Although a vapor collection manifold is usually required, much of the system could be
constructed below grade. Air permitting requirements for the Renton Facility would likely be
significant because the Facility is classified as a major source under the Clean Air Act. Fouling
of the wells from biological activity or precipitation of natural groundwater constituents such as
iron can affect operations and increase maintenance needs. Costs for IWAS would be moderate
to high, depending on permitting requirements, emission control requirements, and special

design requirements to accommodate ongoing Facility activities.

4.2.4  Monitored Natural Attenuation

Monitored natural attenuation (MNA) is a remedial approach that can lead to permanent
destruction of COCs in a noninvasive manner. This approach relies on natural processes,
including biodegradation by indigenous organisms and adsorption to soil, to retard and degrade
organic compounds and to retard and immobilize metals. It is most effective following source
removal, such as has been completed for many of the Facility SWMUs and AOCs. The
significant period of time that has passed since source removal was completed supports the use
of MNA at many of the SWMUs and AOCs. In addition, the extensive Facility development

and activity support the use of noninvasive remedial technologies such as MNA.

This technology is especially appropriate to both solvent and petroleum hydrocarbon plumes at
the Facility. The depositional history of the shallow subsurface in the vicinity of the Facility
has resulted in a substantial amount of natural organic materials in the subsurface. This organic
material supports natural microorganisms that can support natural biodegradation of
groundwater constituents. The high organic carbon content of soils beneath the Facility has
been confirmed by analytical results presented in the final RI Report (Weston, 2001a) and in
the FSWP (Geomatrix, 2004c). The high organic content of site soils is expected to provide a
favorable environment for effective natural biodegradation of organic constituents that may be
present in affected groundwater. Because this technology does not require installation of

equipment or addition of chemicals to the subsurface, it is readily compatible with the ongoing
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industrial activities at the Facility. Slow degradation rates that may be associated with MNA

may lead to a long restoration time frame.

Groundwater monitoring data for chlorinated solvent sites presented in the final RI Report, the
final FSWP, and quarterly monitoring reports provide ample evidence that natural
biodegradation is active throughout the Facility. All sites where chlorinated solvents have been
identified as groundwater constituents have significant concentrations of the products of
biodegradation. For sites where PCE or TCE was released in the source area, detectable
concentrations of cis-1,2-DCE and VC have been observed, both of which are by-products of
successive reductive dechlorination of PCE and TCE. For most of these plumes, the extent of
affected groundwater is defined by the presence of VC, which is present only due to
biodegradation of the solvents. As an example, AOC-060 clearly demonstrates the
effectiveness of natural attenuation at the Facility. The source area is located beneath a
building, and groundwater flows from the building toward the Cedar River Waterway. Several
monitoring wells are present in the plume, and groundwater quality has been monitored for
several years. The solvent originally released, TCE, is present only in the immediate vicinity of
the source area. The biodegradation products (cis-1,2-DCE and VC) define the areal extent of
the plume. While the release occurred several years ago, current groundwater monitoring data
(2007) indicate that the groundwater COCs are not reaching the waterway at concentrations
exceeding the PCLs defined in the final RI Report. Groundwater modeling conducted for this
site, as presented in the FSWP and in this report, requires that biodegradation be included to
adequately calibrate the model to site data. These lines of evidence clearly indicate that natural

attenuation is active at chlorinated solvent sites at the Facility.

Facility monitoring data collected for petroleum hydrocarbon sites also indicate that natural
attenuation by biodegradation is active. At the Former Fuel Farm, natural attenuation is
limiting the migration of groundwater constituents. This site was used for underground storage
of fuels for several years, which resulted in the release of petroleum hydrocarbons. Although a
large amount of soil was removed during tank removals, it was not practicable to remove all
affected soil from the site. The residual hydrocarbons serve as an ongoing source of
hydrocarbons to site groundwater. An interim measure (air sparging and bioventing) has been
conducted at this site; however, the interim measure does not fully address the entire
hydrocarbon plume at the Former Fuel Farm. Groundwater monitoring indicates that the
affected groundwater plume has not reached the Cedar River Waterway, even though the

release has likely been present for many years. The limited extent of the plume suggests that
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attenuation is effectively limiting its migration. Groundwater modeling conducted using
BIOSCREEN and MTCATPH requires that active biodegradation be included in the model in
order to calibrate it to site data. These lines of evidence indicate that natural attenuation is

active for petroleum hydrocarbon sites at the Facility.

A rigorous monitoring network and program are typically associated with this technology to
ensure that hazardous constituent degradation is effective and that cleanup levels are attained.
The development of a valid remedial approach for MNA requires a monitoring plan designed to
verify the existence of and quantify the extent of enhanced and natural attenuation processes.
Guidance by Ecology (July 2005) and other recent guidance (Wiedemeier and Haas, 2002;
EPA, 2004) provide technical recommendations regarding the types of monitoring parameters
and analyses useful for evaluating the effectiveness of MNA and establishing a performance
monitoring plan for natural attenuation of VOCs. The EPA guidance builds on EPA Office of
Solid Waste and Emergency Response (OSWER) Directive 9200.4-17P (EPA, 1999), which
provides guidelines for the use of MNA in RCRA Corrective Actions and establishes general
objectives for monitoring programs. Prior to implementation of MNA as a final remedy, a
directed investigation, performed in accordance with the Ecology and EPA guidance (Ecology
2005; EPA 1998, 1999), must be completed. Because of the additional study needed to prove
that degradation occurs and to monitor the effectiveness of MNA, costs for this technology are

expected to be moderate.

425 Permeable Reactive Barriers

Permeable reactive barriers consist of a reaction barrier placed at a location where it would
intercept the plume as it migrates downgradient from the source area. The materials used to
construct the reaction barrier would promote degradation of groundwater COCs. Permeable
reactive barriers have been constructed of zero-valent iron for chlorinated solvents and some
metals and from proprietary materials (e.g., Forager Sponge) to adsorb and immobilize
organics and metals. Some barriers may support enhanced biological activity to degrade and
destroy organic groundwater constituents. This technology can be effective in destroying or
removing groundwater COCs before migration and exposure to a receptor occur. Permeable
reactive barriers may be constructed across the affected groundwater flow path or they may be
implemented in a “funnel and gate” arrangement, where low-permeability walls are used to
direct groundwater flow to the reactive barrier. These barriers are generally passive and require

regular monitoring but minimal maintenance.
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This technology can be applied successfully to treat chlorinated solvents and petroleum
hydrocarbons in groundwater. Based on the site conditions at the Facility, it would be
necessary to place the barrier wall to a sufficient depth and width to intercept the full extent of
the groundwater plume. Implementing the funnel and gate system at the Facility would be
difficult because there is no low-permeability layer present for keying the impermeable wall
into so that it would effectively funnel groundwater flow. Because of the site-specific nature of
this technology, bench-scale (and possibly pilot-scale) testing would likely be required to
confirm its effectiveness. The extensive development and activities at the Facility may limit
areas where barrier walls could be located. Downgradient groundwater monitoring is also
necessary to prove the effectiveness of this approach. Costs for this technology are expected to

be moderate to high.
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TABLE 4-1

POTENTIALLY APPLICABLE SOIL REMEDIATION TECHNOLOGIES
Boeing Renton Facility
Renton, Washington

Constituents
Remedial Technology Comments Addressed’
Excavation is effective in removing affected source
soils. Geologic conditions of Facility are amenable
Source Removal/ for removal of shallow soils at many areas. All
Disposal Excavation would be constrained by existing constituents
development, Facility activity, property lines, and
the high water table.

Removes VOCs and would be compatible with

Facility geology. Technology would be VOCs and
Soil Vapor constrained by existing buildings and may create gasoline-
Extraction/Bioventing | potential exposure to Facility workers. range TPH

Permanently destroys volatile constituents through | compounds
oxidation or activated carbon regeneration.

Notes:
1. TPH = total petroleum hydrocarbons; VOCs = volatile organic compounds.
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TABLE 4-2

POTENTIALLY APPLICABLE GROUNDWATER REMEDIATION
TECHNOLOGIES
Boeing Renton Facility
Renton, Washington

Remedial Constituents
Technology Comments Addressed
Works well for certain petroleum hydrocarbons,
aromatics, and VOC:s; is relatively easy to VOCs' and
Biosparging/Air im_ple_ment; a_nd can be done in areas constrained by ggsoline-
Sparging buildings. Bioventing permanently destroys diesel range
hydrocarbons through biodegradation. Air sparging | TPH?
permanently destroys VOCs through oxidation or compounds

activated carbon regeneration.

Works well with a variety of COCs® and media.
Easy to implement and minimal impact on facility
operations. Results in permanent destruction of TPH, select
degradable constituents. Can be supplemented to VOCs, and
immobilize metals. Difficult to implement in plumes | some metals
with both chlorinated and nonchlorinated
constituents.

Removes VOCs and should be effective for Facility

Enhanced In Situ
Bioremediation

. - . VOCs and
geologic conditions. Can be implemented as a asoline-
In-Well Air Stripping | distributed system over the source area or as a g
barri . . : range TPH
arrier. Potential problems due to high Fe in
compounds
groundwater.
Can be effective for many Facility constituents,
provided that proper conditions exist and will be VOCs, light
Monitored Natural maintained over the time required for remediation. TPH
Attenuation Permanently destroys degradable constituents. Can compounds,
be implemented in constrained areas. Requires and metals
significant study and monitoring.
Zero valent iron barrier walls can be effective for
chlorinated constituents present in groundwater, .
. Chlorinated
Permeable provided that proper hydrogeology and water
: . : L VOCs, some
Reactive Barriers chemistry conditions are present. Can permanently metals

destroy constituents. Requires pilot testing. Long-
term effectiveness is not known.

Notes:

1. VOCs = volatile organic compounds.
2. TPH = total petroleum hydrocarbons.
3. COCs = constituents of concern.
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5.0 REMEDIAL ALTERNATIVE EVALUATION CRITERIA

Potentially applicable remedial alternatives will be developed from the remedial technologies
described in Section 4. Each of these alternatives will be designed to attain the remedial
objectives specific to each SWMU and AOC, as described in later sections of this FS report. A
conceptual design will be prepared for each remedial alternative. The alternatives for each
SWMU and AOC will then be evaluated relative to the criteria specified in the MTCA rules to

select the preferred alternative for that site.

The evaluation for each site will use either a permanent alternative or the most protective
alternative as the baseline for the evaluation; all remedial alternatives will be compared to the
baseline alternative. The MTCA evaluation criteria are described in more detail in Section 5.1.

The basis for selecting a baseline alternative is presented in Section 5.2.

5.1 EVALUATION CRITERIA

The evaluation criteria to be used for this focused FS must address requirements of the MTCA
regulations and the Agreed Order, as discussed in the approved FSWP. The evaluation criteria
for this FS include the following:

e Protectiveness and Risk Reduction,

e Permanence,

o C(Cost,

e Long-Term Effectiveness,

e Management of Short-Term Risks,

e Technical and Administrative Implementability,
e Public Concern, and

e Reasonable Restoration Time Frame.

All remedial alternatives considered in this FS will be designed to attain the cleanup standard to
the extent practicable. For many alternatives, the cleanup standard will be based on a CPOC.
Constraints specific to each SWMU or AOC may limit the capability of attaining cleanup levels
at the standard POC. The cleanup standards used for the remedial alternatives will consist of
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the cleanup levels shown in Tables 3-1 and 3-2 and a POC where the cleanup levels must be

attained.

The evaluation criteria are defined and discussed in the following subsections. The criteria are
used to evaluate the remedial alternatives as appropriate for each SWMU and AOC in
Sections 6 through 19. Since these evaluation criteria are used for each of the remedial
alternatives considered in this FS, details regarding application of each criterion are presented

in this section and are not repeated in the sections evaluating the alternatives.

5.1.1  Protectiveness and Risk Reduction

This criterion is used to assess the degree to which each remedial alternative protects human
health and the environment and reduces potential risks to human or ecological receptors.
Protectiveness and risk reduction will address long-term effects rather than short-term effects,
which are evaluated under a different criterion. Alternatives that attain the cleanup levels for
each alternative will be considered as protective, and alternatives that meet cleanup levels in a
shorter time will be considered as providing a higher level of risk reduction. Alternatives that
rely on engineering controls or institutional controls to provide protectiveness and risk
reduction will generally be considered as ranking lower for this criterion than alternatives that

do not rely on these controls.

Factors considered to evaluate this criterion include the following:

e Potential risks of the specific SWMU or AOC to human health and the environment
under conditions prior to completion of the alternative. Preremediation risks would
be used as a baseline to assess the reduction in risks that would result from the
remedial alternative;

e Present and future land use for the SWMU or AOC;

e Present and potential for future use of any water resources either associated with or
affected by the SWMU or AOC;

e Potential effectiveness and reliability of institutional controls associated with the
alternative;

e The availability of alternative water supplies, as appropriate;
e The ability of the alternative to limit and monitor migration of COCs;

e Toxicity of COCs associated with the SWMU or AOC; and
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e Efficacy of any natural processes that may mitigate the impact of COCs associated
with the SWMU or AOC.

5.1.2 Permanence

Permanence is the degree to which a remedial alternative attains cleanup objectives by
permanently destroying COCs and its capability to reduce the toxicity, mobility, or volume of
affected media. Alternatives that actively degrade or destroy COCs would be ranked higher for
this criterion than alternatives that rely on on-site or off-site containment. The alternative for
each SWMU or AOC with the greatest degree of permanence will be used as the baseline
alternative against which other alternatives will be compared.

Factors considered to evaluate this criterion include the following:

e Present and future land use for the SWMU or AOC and nearby properties;

e Present and potential for future use of any water resources either associated with or
that may be affected by the SWMU or AOC;

e Potential effectiveness and reliability of institutional controls associated with the
alternative;

e The ability of the alternative to limit and monitor migration of COCs; and

e Efficacy of any natural processes that may mitigate the impact of COCs associated
with the SWMU or AOC.

5.1.3 Cost

Costs of remedial alternatives include implementation costs, operation and maintenance costs,
monitoring costs, and reporting costs. Cost estimates will be prepared for each remedial
alternative considered for each of the SWMUSs and AOCs. The costs will include future costs
for the estimated restoration time of the specific alternative or a maximum life of 15 years,
whichever is less. Future costs will be included in the total alternative cost using present net

worth analysis.

The costs for implementing an alternative include costs for engineering, permitting, public
relations, construction, purchase of facilities and equipment, building demolition or utility
relocation, transportation and disposal, building restoration, and site restoration.
Implementation costs typically occur at the beginning of the remediation program but may also

include costs that occur later in the remediation program, such as replacement of key remedial
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system components. Details regarding cost estimates for each of the sites are presented in

Appendix B.

Costs for operations, maintenance, monitoring, and reporting generally occur annually after
construction has been completed. Operation and maintenance costs include longer term
expenses associated with multiyear remediation activities. Reporting costs are incurred to
document monitoring and operations activities and provide regulatory information to Ecology.
These ongoing costs usually include labor, power, analyses, subcontractors, and consumed
materials. Future recurring costs for operations and maintenance, monitoring, and reporting
will be combined with initial implementation costs into a single net present value (NPV) cost
for each remedial alternative. The NPV calculations consider future annual inflation (assumed
to be 2%) and an annual discount rate (assumed to be 7%) that addresses the time value of
money. The discount rate is typically described as the interest rate that could be obtained from
a prudent investment. This NPV cost, including initial implementation costs and future
recurring costs, will be used to assess the cost criterion and compare the cost of the remedial

alternatives.

For the purpose of this FS, a standard period of 15 years has been used for future recurring
costs for all remedial alternatives evaluated. This period has been based on an assumed long-
term groundwater monitoring period. In general practice, monitoring is conducted for a few
years after remediation has been completed to ensure that cleanup standards have been attained.
The time required to achieve remediation objectives cannot be accurately predicted in the
absence of site-specific monitoring or testing data. The actual monitoring period would likely
be different for a specific alternative; monitoring periods may be longer than 15 years for some
alternatives and shorter than 15 years for other alternatives. It is difficult to accurately
anticipate the monitoring time frame before reviewing the results of laboratory or pilot studies
that would probably be conducted prior to final design and full-scale implementation.
Additionally, monitoring programs can be terminated earlier than expected (or extended longer
than expected) based on actual monitoring data collected. Longer monitoring periods would
have minimal impact on the NPV cost estimate because the discount rate would reduce their
present value. Monitoring periods shorter than 15 years would have a more significant effect
on the NPV cost than longer periods because the effect of the discount rate would be lower.
The standard monitoring period of 15 years is considered reasonable for the conceptual

evaluation of remedial alternatives and comparison of remediation cost.
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514 Long-Term Effectiveness

For this criterion, the capability of a remedial alternative to reliably maintain its effectiveness
over a long period of time is assessed. In addition, the production of residues is assessed;
alternatives that do not generate hazardous substance residues would have a greater long-term
effectiveness than alternatives that do produce such a residue. Many COCs have a very slow
degradation rate under natural conditions, and some COCs, such as metals, do not degrade.
Permanent alternatives that result in destruction of COCs would provide better long-term

effectiveness than alternatives relying on containment using engineering controls.

To evaluate this criterion, both positive and negative long-term environmental consequences
are assessed. Positive consequences of remedial alternatives other than those associated with
reductions in exposure concentrations of COCs include enhancements to the environment that
may result from remediation (such as improved habitat) or not causing a disturbance to the
existing environment (such as not altering natural groundwater flow patterns). Negative long-
term consequences include factors such as changes that may reduce environmental value (such
as destroying habitat) or the introduction of new, persistent constituents to the environment as a
result of remediation. The incremental benefit accrued for an alternative will be compared to

the negative consequences to assess disproportionality in long-term benefits and effectiveness.

Factors considered to evaluate this criterion include the following:

e Efficacy of any natural processes that may mitigate the long-term impact of COCs
associated with the SWMU or AOC;

e Present and potential for future use of any water resources either associated with or
that may be affected by the SWMU or AOC;

e Potential effectiveness and reliability of institutional controls;
e The ability of the alternative to limit long-term migration of COCs; and

e Present and future land use for the SWMU or AOC, including any constraints land
use may have on the alternative.

515 Management of Short-Term Risks

Short-term risks associated with remedial alternatives include potential releases of material,
water, particulates, or vapors containing COCs that could occur during implementation of the
alternative. These types of losses could occur as a result of dust generation during excavation

or handling of excavated materials, loss of affected soil or affected groundwater during
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treatment, or accidental releases during transport of affected media to a permanent disposal or
treatment facility. Alternatives with minimal potential risks requiring management, such as
MNA, would rank higher for this criterion than alternatives such as excavation and off-site

disposal, which would have significant potential short-term risks.

5.1.6  Technical and Administrative Implementability

The technical and administrative implementability criterion involves the capability to
effectively implement the alternative. Technical implementability involves technical and
physical factors, such as the presence of existing buildings, that may affect implementation of
an alternative or the need to have very specialized equipment for implementation.
Administrative implementability assesses factors such as permitting requirements or regulatory
approvals needed for implementation. Administrative factors would most likely affect the
implementation schedule, whereas technical factors could make an alternative ineffective.
Simple, nonintrusive alternatives would rank high for technical implementability. Alternatives
with minimal permitting requirements and that are readily accepted by regulatory agencies

would rank high for administrative implementability.

Factors considered to evaluate this criterion include the following:

e The size and complexity of the remedial alternative;

e The degree to which the remedial alternative can be integrated with existing plant
operations and activities;

e Regulatory requirements, including permitting;

e Present and future land use for the SWMU or AOC, including any constraints land
use may have on the alternative;

e Present and potential for future use of any water resources either associated with or
that may be affected by the SWMU or AOC; and

e Potential effectiveness and reliability of institutional controls associated with the
alternative.

5.1.7  Public Concern

For this criterion, the potential for creating concern among the general public, adjacent
facilities, and the community if the alternative were to be implemented is assessed.
Alternatives likely to be readily accepted by the public would rank higher than alternatives that

5 -6 J:\8888.000 Boeing Renton\092\Draft Final Feasibility Study Report June 2008 Sx.doc



&= Geomatrix

may create issues that must be addressed. Potential public concerns include factors such as
increased truck traffic, noise, dust, odors, release of vapors, and effects on property values.

The Cedar River Trail Park is located just west of several SWMUs and AOCs in the main
portion of the Facility, which could lead to potential public concern related to potential impacts
to the park or to users of the park. Impacts on Lake Washington or the Cedar River Waterway
may also create public concern over water quality or potential effects on aquatic biota. The
public potentially affected by the Facility includes users of the Cedar River Trail Park and
lessees/users/owners of nearby facilities or the Renton Municipal Airport. The potentially

affected landowner is the City of Renton.

5.1.8  Reasonable Restoration Time Frame
The restoration time frame is the time required for an alternative to attain remedial objectives.
In assessing this criterion, the practicability of attaining the shortest restoration time is

assessed. Additional consideration is given to several factors, including the following:

Existing risks to human health and the environment;

Site use;

Potential future site use;

Availability of alternative water supplies; and
e Reliance on institutional controls.

These factors are assessed as a whole and determine the urgency of achieving the remedial
objectives for a specific site. Alternatives that achieve remediation objectives in a shorter time
would rank higher for this criterion than alternatives requiring a longer time. This criterion
involves the practicality and necessity of implementing an alternative within a shorter time and
the potential effectiveness and reliability of any institutional controls associated with the

alternatives.

5.2 BASELINE REMEDIAL ALTERNATIVES

The baseline remedial alternative must be a cleanup alternative that provides the highest degree
of permanence. The MTCA regulations (WAC 173-340-200) define a “permanent solution” or
a “permanent cleanup action” as:
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“...a cleanup action in which the cleanup standards of WAC 173-340-700 through
173-340-760 can be met without further action being required at the site being
cleaned up or any other site involved with the cleanup action, other than the

approved disposal of any residue from the treatment of hazardous substances.”

The MTCA regulations in WAC 173-340-700 through 173-340-760 define the requirements for
establishing cleanup levels and POCs, which together comprise the cleanup standard that must
be met by the selected cleanup action. Cleanup levels established in accordance with these
regulations were proposed in the FSWP and recently negotiated with Ecology. Points of

compliance are defined for each remedial alternative considered in this FS.

Each remedial alternative is evaluated relative to attainment of the cleanup standard. As
previously noted, all alternatives considered for each site would be capable of attaining the
cleanup standard and are, therefore, permanent alternatives. For each site evaluated in this FS,

the “most permanent” alternative is defined as the baseline alternative.

The factors considered in defining the baseline alternative include the following:

e Attaining the standard POC for soil and groundwater;
e Establishing a CPOC as close to the source area as possible;

e The degree to which COCs are destroyed with no toxic residual. Alternatives with a
greater degree of COC destruction will be favored over alternatives with a lesser
degree; and

e For most COCs that are not destroyed by alternatives, the degree to which COCs are
removed from the site. Alternatives that remove COCs would be favored over
alternatives that immobilize or contain the COCs.

The baseline alternatives considered for each SWMU and AOC in this FS were selected based
on a consideration of these factors.
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6.0 DEVELOPMENT AND EVALUATION OF REMEDIAL ALTERNATIVES,
SWMU-168

In this section we discuss remediation objectives, identify and evaluate remedial alternatives,
and describe the preferred remedial alternative for SWMU-168.

6.1 SITE CHARACTERIZATION SUMMARY

SWMU-168 (referred to as “the site” in this section) is located near the northeast corner of
Building 5-50 near the Renton Municipal Airport and consists of the area around a former
underground storage tank (UST) designated URE-31 (for underground tank Renton, number
31) (see Figure 1-2). Former UST URE-31 was a 1,000-gallon concrete tank that was installed
in 1979 and removed in September 1985. This UST was used for the storage of solvent waste
generated in Building 5-50. There is no documented information regarding releases from this
SWMU. Section 5.4 of the final RI Report presents the complete site characterization results
for this SWMU (Weston, 2001a). The results of the RI and additional data collection are

summarized below.

6.1.1  Historical, Present, and Future Site Use

The type of solvent waste that was stored in URE-31 is not known. Building 5-50 is currently
used by Boeing to support airplane manufacturing activities conducted at the Renton Facility.
This building is owned by Boeing and the land is leased to Boeing by the City of Renton. This
building and the adjacent buildings and areas are currently used for industrial purposes and are

expected to remain in industrial use for the foreseeable future.

6.1.2 Previous Site Remedial Actions

The UST URE-31 was removed in 1985, and there was no documented soil removal at the time

the tank was removed.

6.1.3  Site Hydrogeology

The general stratigraphy beneath SWMU-168 consists of an upper layer of fill material that
extends to depths ranging from approximately 5 to 7 feet below ground surface (bgs)
throughout most of the SWMU-168 site. In the immediate vicinity of the former UST, the fill
material extends to depths of approximately 10 to 14 feet bgs. This fill material consists of
fine- to medium-grained reddish- to greenish-brown sand with silt and gravel. The alluvium
below the fill, which is present throughout the SWMU-168 area, consists of interbedded
greenish-gray clayey silt with gravelly and silty sand.
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A sheet pile wall is located adjacent to the Cedar River Waterway, downgradient from the site.
In 1999, the U.S. Army Corp of Engineers (USACE) constructed floodwalls and earthen levees
for flood control along both the east and west sides of the Cedar River Waterway from the
Logan Avenue North bridge to the mouth of the waterway. The concrete floodwalls (maximum
height of approximately 10 feet above grade) were constructed above interlocking steel sheet
piles that were driven to a minimum depth of 21 feet bgs. The sheet piling runs along the entire
western bank of the waterway, from Logan Avenue to Lake Washington. According to the
final RI Report, the sheet piling is not keyed into a low-permeability soil unit and functions as a
“hanging barrier wall.” It is expected that the sheet pile wall affects groundwater flow, likely

causing groundwater to flow beneath the piling as it approaches the waterway.

Depth to groundwater at SWMU-168 was approximately 5 feet during the RI. The general
direction of groundwater flow is to the northeast toward the Cedar River. A groundwater
hydraulic gradient of 0.001 to 0.006 was measured for this SWMU. The hydraulic conductivity
of the shallow aquifer in the SWMU-168 area ranges from 4.6 x 10 to 4.2 x 10~ centimeters
per second (cm/s).

Based on a geologic cross-section presented in the final RI Report, the predominant soil type in
the vadose zone is silty sand with gravel, and the soil type dominating groundwater flow is also
silty sand with gravel. Therefore, the dominant Unified Soil Classification System (USCS) soil
classification for both the vadose and saturated zones is SM; soil characteristics for SM soil
will be used for relevant calculations in this FS.

6.1.4  Nature and Extent of Affected Soil

The 1999 sampling results from the RI (summarized on Figure 6-1) indicated that SWMU-168
soils contained VOCs above the respective PCL as defined in the final RI Report (Weston,
2001a). Methylene chloride was the VOC detected exceeding the soil cleanup level at that
time; it was detected in 1999 at only two sample locations: PP001 (at 2 feet bgs) and PP002 (at
5 feet bgs). Methylene chloride was detected in a soil sample from PP0O0O1 at a concentration of
73 micrograms per kilogram (pg/kg) and in a soil sample from PP002 at a concentration of

30 pg/kg. None of the remaining soil samples collected during the RI contained methylene
chloride at concentrations that exceeded the methylene chloride PCL of 27 ng/kg. TCE and
cis-1,2-DCE were also detected in soil samples, but none of the concentrations exceeded the
PCLs.

6-2 J:\8888.000 Boeing Renton\092\Draft Final Feasibility Study Report June 2008 Sx.doc



SMWU-168
LOCATIOI\_I

e &= Geomatrix

6.1.5 Nature and Extent of Affected Groundwater

VC was detected at concentrations exceeding the VC groundwater cleanup level in one
groundwater sample collected in 1999 from push probe PP003 at SWMU-168. VC was
detected at a concentration of 2.1 micrograms per liter (ug/L), which is just above the
groundwater PCL of 2.0 pg/L for VC. Analytical results from the groundwater investigation at
the site are also summarized on Figure 6-1. The extent of VC-affected groundwater was
limited to PP003. VC was not detected in any of the remaining push probe groundwater
samples. No other VOCs were detected above the PCLs in groundwater samples collected

from the remaining push probes.

6.2 CONCEPTUAL SITE MODEL

A preliminary conceptual model for migration of constituents present in affected soil and
groundwater at the Facility is shown in Figure 2-6 of the FSWP (Geomatrix, 2004c). Based on
the conceptual model and considerations presented in the FSWP plus information specific to
this site, a site-specific conceptual site model is described below. This site-specific conceptual
site model identifies the media and exposure pathways that must be addressed for remedial

alternatives potentially applicable to this site.

Methylene chloride was present in soil within the source area for SWMU-168. As shown in the
Facility conceptual model presented in the FSWP, methylene chloride can migrate from the
source areas via groundwater or vapor pathways. Migration via a vapor pathway may have
already occurred, and remaining concentrations of methylene chloride may be below the
applicable cleanup level. It is also possible that methylene chloride has migrated through the
vadose zone to groundwater, although it was not detected in groundwater samples collected at
the same push probe locations at the time. Constituent transport via groundwater at this site is
affected by soil/groundwater interactions, biodegradation, and by the presence of the sheet pile
wall in the downgradient groundwater flow path. As groundwater flows through methylene
chloride-affected soil in the source area, adsorbed methylene chloride may dissolve into
groundwater. Any dissolved methylene chloride will move with groundwater but at a different
velocity because of continuing solute-soil interactions. This movement may create a plume
extending downgradient from the source areas; however, no such plume was detected in the

adjacent push probes.

The extent of groundwater affected by dissolved VC was limited to a small area near PP003.

The source of the VC is likely the shallow soils at the site, which contain low concentrations of
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TCE and cis-1,2-DCE, but at concentrations below the soil cleanup levels. The VC-affected
groundwater is migrating to the northeast from the source area toward the discharge area along
the Cedar River Waterway. However, the low concentration of VC in the groundwater will
likely degrade into ethene and chloride salts before it reaches the waterway. Volatilization of
constituents from groundwater is not significant for most workers at this site, as noted in the
conceptual model presented in the FSWP.

6.3 SITE REMEDIATION OBJECTIVES AND CLEANUP STANDARDS

The remediation objectives for the Renton Facility were presented in Section 2 of this report.
Cleanup levels applicable to the Facility were proposed in the FSWP and were subsequently
negotiated with Ecology. The remedial alternatives developed and evaluated for this site will
be capable of attaining the remediation objectives and cleanup standards presented in this
section. As defined in the MTCA regulations, the cleanup standard consists of the cleanup
level and the location or POC at which the cleanup level must be met. The remedial
alternatives for this site, presented below in Section 6.4, may have different points of

compliance while fully addressing remediation objectives and meeting cleanup levels.

The groundwater and soil COCs exceeding the PCLs established in the final RI Report for
SWMU-168 were identified in FSWP Tables 5-1 and 5-3, respectively. These constituents
were identified by comparing detected constituent concentrations to the PCLs identified in the
final RI Report; if a constituent concentration measured in any sample exceeded the PCL, the
constituent was listed as a COC that must be addressed in the FS. Cleanup levels for both soil
and groundwater meeting MTCA requirements were presented in the FSWP (Tables 5-6 and
5-2, respectively) and subsequently negotiated with Ecology.

The soil and groundwater cleanup levels for the SWMU-168 site COCs are listed in Tables 3-1
and 3-2, respectively. The soil cleanup levels in Table 3-1 were established using MTCA
Method A or Method C and are applicable anywhere within the site up to and including the
CPOC. The groundwater cleanup levels listed in Table 3-2 were developed as described in
Section 3 and in accordance with recent negotiations with Ecology. The cleanup levels in

Table 3-2 are protective of surface water, human health, and the environment.

6.4 DESCRIPTION OF SITE REMEDIAL ALTERNATIVES

SWMU-168 is located near the northeast corner of Building 5-50 near the Renton Municipal
Airport and consists of the area around former UST URE-31. This area is leased from the City
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of Renton, and the nearby buildings will continue to be used to support airplane manufacturing

activities for the main plant area across the Cedar River Waterway for the foreseeable future.

MTCA requires that remedial alternatives selected for a site meet the MTCA threshold
requirements for cleanup actions. The minimum threshold requirements specify that cleanup
actions shall (1) protect human health and the environment, (2) comply with cleanup standards,
(3) comply with applicable state and federal law, and (4) provide for compliance monitoring.
In order to be considered as a potential remedial alternative for the site, the technologies
considered had to pass the screening evaluation of the remedial technologies described in
Section 4. In addition, the alternatives had to meet the minimum threshold requirements
established by MTCA and had to be consistent with overall site conditions.

Based on the screening evaluation, MTCA minimum threshold requirements, and the site
considerations discussed above, three remedial alternatives addressing groundwater COCs were
developed for SWMU-168:

e Alternative 1: Monitored Natural Attenuation
e Alternative 2: Soil Vapor Extraction and Monitored Attenuation

e Alternative 3: Enhanced Bioremediation and Monitored Attenuation

6.4.1  Alternative 1: Monitored Natural Attenuation

Alternative 1 consists of three primary elements: confirmation sampling, followed by
institutional controls and MNA, if necessary. The groundwater cleanup standard for this
alternative will be the groundwater cleanup level for the SWMU-168 COC discussed in
Section 6.3 and a CPOC downgradient of the Facility, as shown on Figure 6-1. The soil
cleanup standard will be the general soil cleanup level discussed in Section 6.3 and shown in
Table 3-1. The detected concentrations of methylene chloride in soil at PP001 and PP002 and
VC in groundwater at PP003 are the only COCs exceeding the soil and groundwater cleanup
levels at SWMU-168. Alternative 1 uses institutional controls and MNA to address these
COCs.

6.4.1.1 Confirmation Sampling
Because the COC:s at this site are VOCs and were detected more than 5 years ago, it is possible
that natural attenuation has already resulted in concentrations below the cleanup levels. To

confirm that these VOC:s in soil and groundwater still exist, a confirmation sampling program
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would be conducted, and soil and groundwater samples would be collected as they were in
1999 at the PP001, PP002, and PP003 locations shown on Figure 6-1. If concentrations in soil
or groundwater continue to exceed cleanup levels, the subsequent steps of this alternative,
institutional controls and MNA, would be implemented. If the soil and groundwater
concentrations were found to be below cleanup levels, no additional remedial action would be
taken.

6.4.1.2 Institutional Controls

The following institutional controls are included to reduce the risk of human exposure to

impacted soil or groundwater:

e Continued engineering controls, protocols, and monitoring previously established by
Boeing to ensure that industrial workers inside buildings are protected and indoor
air concentrations meet Permissible Exposure Limits (PELs) established by the
Washington Department of Labor and Industry;

e Continued engineering controls, protocols, and monitoring to ensure that temporary
construction workers adhere to WAC 296-62-300, applicable Washington Labor and
Industry standards, and Occupational Safety and Health Administration (OSHA)
Hazardous Waste Operation and Emergency Response (HAZWOPER) regulations
(29 CFR 1919.120) for all construction work conducted in exposed areas of affected
soil and groundwater; and

e Deed restrictions to limit development and use of the site.

It is anticipated that deed restrictions would be established to limit future unrestricted land use
without additional actions to attain compliance with appropriate soil and groundwater cleanup
levels. It is further assumed that a CPOC would be established for this alternative with
permission granted by the landowner, the City of Renton. In conjunction with permission for a
CPOC, it is anticipated that the City of Renton would formalize internal restrictions and
institutional controls for temporary construction or maintenance workers in areas off of the

Boeing lease property.

6.4.1.3 Monitored Natural Attenuation

Groundwater monitoring data collected at the Renton Facility (as discussed in Section 4.2.4)
indicate that natural processes are at work degrading and retarding the migration of COCs at
other SWMUSs and AOC:s (as discussed in Section 4.2.4), so it is expected that these same

processes will also address the low concentrations of methylene chloride and VC at
SWMU-168.
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In accordance with the current guidance and the approach discussed in Section 4.2.4, the

conceptual monitoring program for SWMU-168 is designed to:

e Demonstrate that natural attenuation is occurring according to expectations;
e Identify any potentially toxic and/or mobile transformation products;

e Verify that the plume is not expanding beyond the CPOC;

e Verify that cleanup levels are attained at the CPOC;

o Verify that there is no unacceptable impact to downgradient receptors;

e Detect new releases of COCs that could impact the effectiveness of the natural
attenuation remedy;

e Demonstrate the efficacy of institutional controls put in place to protect potential
receptors; and

e Verify attainment of remediation objectives.

The conceptual monitoring program for Alternative 1 at SWMU-168 assumes that if this
remedy were selected, a detailed MNA Validation and Long-Term Sampling Work Plan would
be developed to guide the process. This work plan would identify additional monitoring wells
and monitoring analytes that would be required for both characterization/validation sampling
and long-term groundwater monitoring. Characterization/validation sampling would be used to
demonstrate the effectiveness of MNA with respect to contaminant mass reduction, attenuation
rates, and temporal trends. Long-term groundwater monitoring would be used after
characterization/validation monitoring to confirm that the contaminant plume is progressing

toward containment or achievement of numerical cleanup goals.

For this conceptual design, it is assumed that characterization/validation sampling would
consist of quarterly monitoring of four monitoring wells for a minimum of 1 year. Four new
monitoring wells (three shallow monitoring wells and one intermediate depth monitoring well)
are assumed to be required to monitor plume migration (Figure 6-1). Monitoring parameters
and analytes would consist of VOCs (contaminants and daughter products), as well as the full
suite of MNA geochemical parameters [dissolved oxygen, nitrate, Fe(Il), sulfate, methane,
temperature, pH, specific conductance, alkalinity, oxidation/reduction potential, chloride,
ethane, and total organic carbon (TOC)]. It is assumed that reporting for

characterization/validation sampling would follow each quarterly event.
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It is further assumed that long-term groundwater monitoring would follow for an additional

13 to 14 years (15 total years of monitoring) and include semiannual monitoring of the four
monitoring wells for VOCs (contaminants and daughter products) and a limited suite of
geochemical parameters (dissolved oxygen, oxidation/reduction potential, temperature, and
pH). To ensure plume control, all four wells would be sampled once every 5 years for the
entire characterization/validation list of analytes. It is assumed that annual reporting would be

required for long-term groundwater monitoring.

6.4.2  Alternative 2: Soil Vapor Extraction and Monitored Natural Attenuation
Alternative 2 consists of four primary elements: confirmation sampling, followed by
institutional controls, SVE, and MNA, if necessary. The groundwater cleanup standard for this
alternative will be the groundwater cleanup levels for SWMU-168 COCs discussed in

Section 6.3 and a CPOC as shown on Figure 6-1. The soil cleanup standard will be the general
soil cleanup level discussed in Section 6.3 and presented in Table 3-1. The detected
concentrations of methylene chloride in soil at PPO01 and PP002, and VC in groundwater at
PP003, are the only COCs that exceed soil and groundwater cleanup levels at SWMU-168.
Alternative 2 uses institutional controls, SVE, and MNA to address the soil and groundwater
COCs. Given that other risks from the VOCs in soils can be managed through institutional
controls (discussed below) and that the soils are confined by the existing tarmac or pavement,

no other active measures are required to remediate soils.

6.4.2.1 Confirmation Sampling

Confirmation sampling for Alternative 2 would be performed as discussed in Section 6.4.1.1

for Alternative 1.

6.4.2.2 Institutional Controls

Institutional controls for Alternative 2 would be as discussed in Section 6.4.1.2 for

Alternative 1.

6.4.2.3 Soil Vapor Extraction

A single SVE well would be used to extract soil affected by methylene chloride at SWMU-168.
The well would be installed near PPOO1 (Figure 6-1). SVE is compatible with the current site
use and would be effective at addressing the affected soil at this SWMU. VOCs removed from
the soil would be collected and treated using potassium permanganate and granular-activated

carbon (GAC) beds operated in series to control emissions. Subsequent to the completion of
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SVE system operation, soil confirmation sampling would be performed to confirm that the

unsaturated zone soil at this SWMU had met the soil cleanup level for methylene chloride.

6.4.2.4 Monitored Natural Attenuation

Monitored natural attenuation for this alternative is intended to be a final “polishing”
mechanism, following the soil vapor extraction, to ensure that cleanup levels for all COCs are
met at the CPOC. With this alternative, it is assumed that MNA would follow SVE and consist
of long-term groundwater monitoring for three shallow wells and one intermediate well, as
described in Section 6.4.1.3 for Alternative 1.

6.4.3  Alternative 3: Enhanced Bioremediation and Monitored Attenuation
Alternative 3 consists of four primary elements: confirmation sampling, followed by
institutional controls, enhanced biodegradation, and MA. The groundwater cleanup standard
for this alternative will be the groundwater cleanup levels for SWMU-168 COCs discussed in
Section 6.3 and a CPOC as shown on Figure 6-1. The soil cleanup standard would be the
general soil cleanup level discussed in Section 6.3 and presented in Table 3-1. The detected
concentrations of methylene chloride in soil at PPO01 and PP002, and VC in groundwater at
PP003, are the only COCs exceeding the soil and groundwater cleanup levels at SWMU-168.
Alternative 3 uses institutional controls, enhanced biodegradation, and MA to address the soil
and groundwater COCs. Given that other risks from the VOCs in soils can be managed
through institutional controls and that the soils are confined by the existing pavement or

tarmac, no other active measures are required to remediate soils.

6.4.3.1 Confirmation Sampling
Confirmation sampling for Alternative 3 would be conducted as described in Section 6.4.1.1 for

Alternative 1.

6.4.3.2 Institutional Controls

Institutional controls for Alternative 3 would be conducted as described in Section 6.4.1.2 for

Alternative 1.

6.4.3.3 Enhanced Bioremediation
Enhanced bioremediation for SWMU-168 would consist of increasing the reductive capacity of
the subsurface aqueous system by providing additional growth substrates for microbial activity.

The conceptual design of enhanced bioremediation for Alternative 3 employs a series of four
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injection push probes in an injection zone surrounding the apparent source area (Figure 6-1).
The push probes would be driven to approximately 15 feet bgs, and growth substrate would be
injected through the probes into the impacted aquifer at a depth between 11 and 15 feet bgs.
The growth substrate injected would be emulsified vegetable oil or similar substrates. For
costing purposes, it is assumed that 250 gallons of 2% emulsified vegetable oil would be
injected into the four push probes in approximately equal portions. It is also assumed that a

single application would be sufficient to effectively treat the aquifer.

6.4.3.4 Monitored Attenuation

Monitored attenuation for this alternative is intended to be a final “polishing” mechanism,
following the active enhanced bioremediation, to ensure that cleanup levels for all COCs are
met at the CPOC. With this alternative, it is assumed that MA would follow enhanced
bioremediation and consist of the long-term groundwater monitoring for three shallow wells

and one intermediate well, as described in Section 6.4.1.3 for Alternative 1.

6.5 EVALUATION OF SITE REMEDIAL ALTERNATIVES
As previously discussed, all three alternatives developed for SWMU-168 meet the MTCA

minimum requirements for cleanup actions. This section compares and evaluates the
alternatives based on the MTCA criteria described in Section 5.1. Analyses of all three
alternatives with respect to the evaluation criteria are summarized in Table 6-1 and discussed

below.

6.5.1  Protectiveness and Risk Reduction Evaluation

Protectiveness and risk reduction are gauged primarily by the time required for the alternative
to reduce risk and meet cleanup levels. Because they employ active technologies,
Alternatives 2 and 3 are expected to more quickly reduce COCs in soil and groundwater to

attain cleanup levels and are rated highest for this criterion.

6.5.2  Permanence

Permanence refers to the ability to reduce the toxicity, mobility, or volume of hazardous
substances, including the permanent destruction of hazardous substances. All three alternatives
provide permanent destruction of COCs. Alternative 2 is rated highest for this criterion
because the destruction is more controlled in both soil and groundwater and is expected to

occur at a faster rate.
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6.5.3 Cost

The cost evaluation includes all costs related to implementation of an alternative, including
initial design and construction costs, operation and maintenance costs, monitoring costs, and
reporting costs. The annual costs for operation, maintenance, monitoring, and reporting are
recurring costs that occur in the future. The cost evaluation considers initial implementation
costs and future recurring costs using NPV analysis. For NPV calculation, recurring costs were
inflated 2% annually and a discount rate of 7% was used. Details regarding the cost estimates
for the three alternatives are presented in Appendix B. The NPV costs for the three

alternatives, in 2007 dollars, are summarized below:

Alternative Net Present Value
1: Monitored Natural Attenuation $367,000
2: Soil Vapor Extraction and Monitored Attenuation $572,000
3: Enhanced Bioremediation and Monitored Attenuation $409,000

As shown by these costs, Alternative 2 has the highest NPV cost, while Alternative 1 has the
lowest. Therefore, Alternative 1 ranks highest for cost and Alternative 2 ranks lowest, with

Alternative 3 having nearly the same cost as Alternative 1.

6.5.4 Long-Term Effectiveness

Long-term effectiveness includes the degree of certainty and reliability of the alternative and
whether treatment residue remains from the alternative that will require management. All three
alternatives are proven technologies. Alternatives 1 and 3 would produce no residual waste.
The SVE treatment system for Alternative 2 would produce residual wastes requiring off-site

handling.

6.5.5 Management of Short-Term Risks
Short-term risk refers to the risk to human health and the environment during implementation
of the alternative. Because Alternative 1 would be the simplest to implement and not require

construction of a treatment or injection system, it is rated highest for this criterion.
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6.5.6  Technical and Administrative Implementability

This criterion refers to whether the alternative is technically possible relative to complexity,
administrative/regulatory requirements, size, access, and integration with existing operations.
Given that Alternative 1 is a small, simple system that integrates well with the Facility

operations, it is rated highest, whereas Alternative 2 rates lowest.

6.5.7 Public Concerns

This criterion considers potential community concerns with the alternative. Because all three
of these alternatives deal with an industrial site with limited public access, they are rated the

same.

6.5.8  Reasonable Restoration Time Frame

Restoration time frame involves the practicability of a shorter restoration time frame with
consideration given to a number of factors, including site risks, site use and potential use,
availability of alternative water supply, effectiveness and reliability of institutional controls,
and toxicity of hazardous substances at the site. As a whole, these factors are a measure of the
urgency of reducing risk and achieving cleanup goals for the site. Given that the site is
industrial, has limited public access, and the risk to the public is low, all three of these

alternatives are ranked medium low.

6.6 SELECTION OF THE PREFERRED SITE REMEDIAL ALTERNATIVE

Selection of a preferred alternative under MTCA requires that a preference be given to
alternatives that use permanent solutions (to the maximum extent practicable), alternatives that
provide for a reasonable restoration time frame, and alternatives that consider public concerns.
The analysis below compares the baseline alternative (the alternative that provides the greatest
degree of permanence) to the other alternatives based on degree of permanence, reasonable
restoration time frame, and public concerns. According to MTCA (WAC 173-340-200), a
permanent solution or permanent cleanup action means a cleanup action in which cleanup
standards can be met without further action being required at the site involved, other than the

approved disposal of any residue from the treatment of hazardous substances.

6.6.1  Baseline Remedial Alternative
The baseline remedial alternative for SWMU-168 is Alternative 2. Although all three

alternatives could be considered to be permanent cleanup actions in the sense that cleanup

standards would be met, this alternative is considered to have a higher degree of permanence
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because it relies on permanent destruction of hazardous substances in both soil and
groundwater and would likely provide for a shorter restoration time frame than Alternatives 1
and 3.

The evaluation of all three remedial alternatives for this site is summarized in Table 6-1. None
of the alternatives is capable of attaining the standard POC at this site. However, all
alternatives are capable of meeting the CPOC located on the leased property and less than

60 feet from PP003.

6.6.2  Comparison to Baseline Alternative

As noted above, Alternative 2 has been defined as the baseline remedial alternative for this site.
Alternatives 1 and 3 will be compared to the baseline alternative below for selection of the
preferred alternative. The purpose of this comparison is to assess the benefits and costs for
Alternative 2 relative to Alternatives 1 and 3. The evaluation criteria presented above and in
Table 6-1 were established in accordance with the MTCA requirements cited in WAC 173-
340(3)(f). Costs for the alternatives will be based on the NPV, which reflects the total cost
associated with each alternative over the 15-year time period evaluated. The evaluation of

benefits will be qualitative.

The benefits to be assessed in this comparison and the relative rating for the alternatives are

presented in Table 6-2. The rationale for this comparison is presented below.

e Reduced risk to on-site worker health. All three alternatives are equal in reducing
risk to site workers because they are all equally protective. Although the baseline
alternative would remove volatile COCs within a few years, potential risks to
on-site workers would not be changed substantially by the other alternatives. The
institutional controls included in each of the alternatives have been proven effective
in protecting worker health and would continue to be protective.

e Reduced risk to off-site human health. All three alternatives were rated high for
this benefit. All three would attain the cleanup level at the CPOC, which is
protective of human health and the environment. The institutional controls included
in the alternatives that have proven to be protective of worker health on site would
also be protective of human health in off-site areas located upgradient of the CPOC.

e Reduced risk to the environment. All three alternatives were rated high for this
benefit. All three alternatives would be protective of the aquatic environment
because they would attain the cleanup levels at the CPOC.
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e Minimal adverse impact on Facility operations. The baseline alternative was
rated moderate for this benefit because it would impact Facility operations during
installation and maintenance of the SVE system. A high rating was given to
Alternative 1, which relies on passive degradation of site COCs and would have the
least impact on Facility operations.

e Minimal restrictions on Facility traffic and access. The baseline alternative was
rated moderate for this benefit because it would impact Facility traffic and access
during installation and maintenance of the SVE system, and during operation.
Alternative 3 was also rated moderate for similar reasons as the baseline alternative.
Alternative 1 was given a high rating because it would affect traffic only during
installation of monitoring wells, resulting in the least impact on Facility traffic and
access.

e Minimal adverse impact on Facility structures and utilities. All three
alternatives were rated high for minimizing adverse impacts on facility structures
and utilities. None of these alternatives would potentially affect the integrity of site
improvements.

The potential benefit evaluation for the alternatives shows that Alternative 1, Monitored
Natural Attenuation, would provide the greatest benefit. The baseline alternative
(Alternative 2) and Alternative 3 would provide the next highest benefits.

The NPV costs for all three alternatives were presented in Section 6.5.3. Alternative 2 ranks
first among the alternatives and would have the highest cost (approximately 56% higher than
the cost for Alternative 1, and 40% higher than the cost for Alternative 3).

6.6.3 Preferred Remedial Alternative

Alternative 3, Enhanced Bioremediation and Monitored Attenuation, is the preferred remedial
alternative for the SWMU-168 site. Under Alternative 3, affected soils would remain capped
by maintained pavement or tarmac to prevent potential runoff and infiltration of rainfall.
Groundwater in the area is not used for any purpose, and potable water is readily available from
the Renton public water system. The institutional controls included in Alternative 3 have been
implemented and proven by Boeing, who would continue to maintain overall responsibility for
this site and ensure that the institutional controls are properly enforced. Alternative 2, as the
baseline and the most permanent potential remedy, does not provide more benefits than the
other two alternatives. Alternative 3, Enhanced Bioremediation and Monitored Attenuation, is

the preferred alternative for the SWMU-168 site because it is nearly as effective as the baseline
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alternative, but at a lower cost. Furthermore, the additional cost of Alternative 3 over

Alternative 1 is not disproportionate to the more rapid restoration time frame.

Enhanced bioremediation and monitored attenuation for this site would achieve the
expectations for cleanup actions cited in the MTCA regulations at WAC 173-340-370 (1) — (8).

The relevant expectations are addressed as follows.

e Implement Treatment at Sites with Liquid Wastes, High Contaminant
Concentrations, Highly Mobile Materials, or Discrete Areas of Contamination.
Ecology expects that treatment will be emphasized for sites meeting these general
criteria. The remaining COC levels at this site are low in concentration, and there is
no evidence of liquid wastes at the site. The source area is not discrete preventing
ready access for removal or treatment. Enhanced bioremediation and MA will
degrade or “treat” organic COCs over the long term using natural processes that
result in nontoxic degradation products.

e Destroy, Detoxify, or Remove Hazardous Substances. Ecology expects that
hazardous substances will be destroyed, detoxified, or removed to below cleanup
levels. Enhanced bioremediation and MA will ultimately destroy COCs resulting in
nontoxic degradation products and meeting cleanup levels at the CPOC.

e Implement Engineering Controls for Low Contaminant Concentrations.
Ecology recognizes the need for containment for low concentrations of
contaminants where treatment is impracticable. This alternative uses containment
by the pavement or tarmac to limit migration from soil to groundwater.

e Prevent Runoff of Hazardous Substances. Ecology expects that cleanup actions
will include active measures to prevent precipitation from creating runoff that
contains affected soil. This expectation would be met by the preferred alternative,
because the source area is entirely covered by pavement or tarmac. This pavement
and tarmac are integral to Boeing’s activities at the site and are well maintained. In
addition to preventing runoff from contacting hazardous substances, the
pavement/tarmac minimizes surface water infiltration, thus resulting in decreased
groundwater flow rates and increased time for groundwater to flow from the source
area to the waterway.

e Consolidate On-Site Contaminants Exceeding Cleanup Levels. Ecology expects
that when contaminants are left on site exceeding cleanup levels that they will be
consolidated to the extent practicable. At this site, due to the location of the
contaminants, it is not practicable to consolidate contaminants.

e Prevent Runoff and Groundwater Discharge to Surface Water. Ecology
expects that the cleanup action would include active measures to prevent or
minimize releases to adjacent surface water bodies via runoff or groundwater
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discharge, and that dilution will not be the sole method for attaining cleanup levels.
Available groundwater monitoring data indicate that biodegradation of organic
COCs is active and significant at this site. The cleanup alternative also includes a
groundwater monitoring network and program that would confirm that cleanup
levels are attained in groundwater less than 60 feet downgradient of the SWMU and
before groundwater can reach the Cedar River Waterway.

e Ensure Appropriateness of Attenuation. Ecology expects that natural attenuation
may be appropriate if source control has been conducted to the maximum extent
practicable; contaminants remaining on site do not pose unacceptable risks to
human health and the environment; evidence indicates that degradation is occurring
and will continue to occur at a reasonable rate; and appropriate monitoring is
conducted. These expectations would all be achieved by Alternative 3. Although
affected soil and groundwater have been present at the site for a long time, Boeing
has implemented effective institutional controls that have proven effective in
protecting human health and the environment at this site. Groundwater monitoring
data indicate that biodegradation of organic COC:s is active at the Facility; coupled
with the high organic fraction in site soil, site conditions are favorable to continued
active biodegradation, and the enhanced bioremediation included under
Alternative 3 would further support biodegradation. Alternative 3 also includes a
robust groundwater monitoring program. The monitoring system included in the
preferred alternative would confirm that cleanup levels are attained prior to
groundwater discharging to the Cedar River Waterway.

The preferred remedial alternative would be designed to comply with applicable regulations.
Potentially applicable regulations are listed in Table 6-3. These regulations govern the design,
installation, and operation of remediation systems. For the preferred alternative at SWMU-168,
regulatory requirements are expected to be minimal. Construction for the preferred alternative
would be limited to injection of substrate through four push probes and installation of new

monitoring wells, some within 200 feet of the shoreline along the Cedar River Waterway.

The primary regulations governing the preferred alternative would be the MTCA regulations,
the Washington well drilling regulations for monitoring wells, the solid waste disposal
regulations, the dangerous waste regulations, the transportation regulations, underground
injection control regulations, and the Department of Labor and Industries health and safety
regulations. Well drilling rules specify well design and drilling requirements. The solid and
dangerous waste regulations specify waste characterization, manifesting, and disposal
requirements for soil from drilling operations. Transportation regulations specify labeling and
shipping requirements for wastes generated from implementation of the alternative.
Underground injection control regulations must be addressed for injection of substrate for

enhanced bioremediation. MTCA regulations specify the remediation requirements and the
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cleanup standards to be attained. The alternative would require environmental analysis and
public notice in accordance with MTCA and the Washington State Environmental Policy Act
(SEPA) requirements. The preferred alternative would be designed and implemented to

comply with these regulations.
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TABLE 6-3

POTENTIALLY APPLICABLE REGULATIONS
SWMU-168 PREFERRED REMEDIAL ALTERNATIVE
Boeing Renton Facility
Renton, Washington

Law/Regulation Citation Applicability

Chemical-Specific Laws and Regulations

Waste management,

Washington Dangerous Waste Regulations WAC 173-303 . .
permitting requirements

Washlngton Model Toxics Control Act WAC 173-340 Establishment of
Regulations cleanup levels and POCs

Action-Specific Laws and Regulations

Washington State Environmental Policy Act Permitting, EIA/EIS*

WAC 197-11

Regulations requirements
Washmgton Industrial Safety and Health Act WAC 296-24 Occupational health and
Regulations safety

49 CFR Parts 100 & Transportation for

Transportation regulations 177, WAC 446-50 wastes and materials

Well design and

Washington well drilling regulations WAC 173-160 & -162 installation standards
Washlr]gton underground injection control WAC 713-218 Unde_rg'round injection
regulations permitting
Washington solid waste disposal regulations WAC 173-304 Disposal of
nondangerous waste
Location-Specific Regulations
Standards for
Shoreline Management Act RCW 90.58 construction within 200

ft of shoreline

Notes:
1. EIA = Environmental Impact Assessment; EIS = Environmental Impact Statement.
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7.0 DEVELOPMENT AND EVALUATION OF REMEDIAL ALTERNATIVES,
SWMU-172/174 (BUILDINGS 5-08 AND 5-09)

In this section we discuss remediation objectives, identify and evaluate remedial alternatives,
and describe the preferred remedial alternative for SWMU-172/174.

7.1 SITE CHARACTERIZATION SUMMARY

SWMUs 172 and 174, collectively referred to in this section as the site, are located on the west
side of the Cedar River Waterway, near the Renton Municipal Airport (Figure 7-1). Both
SWMU-172 and SWMU-174 are the locations of former wastewater USTs located adjacent to
Buildings 5-09 and 5-08, respectively. SWMU-172 is associated with former UST URE-66,
and SWMU-174 is associated with former UST URE-73. URE-66 was a 155-gallon concrete
tank installed in 1963, and URE-73 was a 120-gallon concrete tank installed in 1957. Both
USTs were used for the collection and temporary storage of steam-cleaning wastewater.
URE-73 was deactivated in 1980; the deactivation date for URE-66 was not documented,
indicating that it occurred prior to 1980. Both USTs were removed in 1987. Section 5.5 of the
final RI Report presents the complete site characterization results for these units

(Weston, 2001a). Additional site characterization data are presented in Section 3.2.2 of the
FSWP (Geomatrix, 2004c). The results of the RI and additional data collection are summarized

below.

7.1.1  Historical, Present, and Future Site Use

Steam-cleaning wastewater was stored in the former USTs at SWMU-172 and SWMU-174.
Based on the site investigation results presented in the final RI Report, wastewater containing
VOCs appears to have been released from the former USTs, apparently affecting soil and
groundwater. The constituents identified for this site include PCE, TCE, cis-1,2-DCE, VC, and
benzene. Both cis-1,2-DCE and VC are biodegradation products from chlorinated solvents
such as PCE and TCE. The presence of these compounds indicates that biodegradation is

active in this area.

Buildings 5-08 and 5-09 are currently used by Boeing to support airplane manufacturing
activities at the Renton Facility. These buildings are owned by Boeing and the land is leased to
Boeing by the City of Renton. These buildings and adjacent buildings and areas are currently
used for industrial purposes and are expected to remain in industrial use for the foreseeable

future.
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7.1.2  Previous Site Remedial Actions

During the UST removal activities conducted in 1987 for both SWMUs, approximately

29 cubic yards of affected soil was removed from SWMU-172 and approximately 8 cubic yards
of affected soil was removed from SWMU-174. The excavations were backfilled with clean,

imported fill. Excavated areas have been repaved with asphalt and returned to active use.

7.1.3 Site Hydrogeology

Several monitoring wells and push probes have been placed both upgradient and downgradient

of these SWMU s to assess the shallow stratigraphy and hydrogeology for this site. The general
stratigraphy beneath SWMU-172/174 consists of an upper layer of sand and gravel fill material
underlain by predominantly fine-grained alluvial deposits. The fill material consists mostly of

sand and gravel with isolated pockets of debris (glass, paper, and bricks) that extend to a depth

of approximately 10 to 15 feet bgs at SWMU-174, and to a depth of approximately 15 feet bgs

at SWMU-172. The underlying alluvial deposits consist of interbedded greenish-gray silty

clay, clayey silt, and fine- to medium-grained silty sand with occasional gravelly lenses.

A sheet pile wall is located adjacent to the Cedar River Waterway, downgradient from the site.
In 1999, the USACE constructed floodwalls and earthen levees for flood control along both the
east and west sides of the Cedar River Waterway from the Logan Avenue North bridge to the
mouth of the Cedar River Waterway. The concrete floodwalls (maximum height of
approximately 10 feet above grade) were constructed above interlocking steel sheet piles that
were driven to a minimum depth of 21 feet bgs. The sheet piling runs along the entire western
bank of the waterway, from Logan Avenue to Lake Washington. According to the final RI
Report, the sheet piling is not keyed into a low-permeability soil unit and functions as a
“hanging barrier wall.” It is expected that the sheet pile wall affects groundwater flow, likely
causing groundwater to flow beneath the piling as it approaches the Cedar River Waterway

from the west.

The depth to groundwater in this area ranges from approximately 8 to 11 feet bgs, with
groundwater generally extending into the lower portion of the fill material. Results from the
final RI Report indicate that shallow groundwater generally flows to the northeast, toward the
Cedar River Waterway, with a hydraulic gradient ranging from 0.003 to 0.006. The calculated
hydraulic conductivity of the shallow aquifer in the vicinity of SWMU-172/174 ranges from
4.6x 107 to 4.2 x 10™ cm/s. Based on a geologic cross-section presented in the final RI

Report, the predominant soil type in the vadose zone is sand with gravel, and the soil type
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dominating groundwater flow is also sand with gravel. Therefore, the dominant USCS soil
classification for both the vadose and saturated zones is SP/SW; soil characteristics for this soil

type will be used for relevant calculations in this FS.

7.1.4  Nature and Extent of Affected Soil

The results of the RI indicate that SWMU-172/174 soils contain concentrations of VOCs and
some metals above the respective PCLs defined in the final RI Report. The analytical results
from soil investigations conducted at this site are summarized on Figure 7-1. The VOCs
exceeding PCLs include PCE, TCE, benzene, and methylene chloride. The most prevalent
VOC found in site soil was PCE, which was detected above the PCL of 48 ng/kg in eight soil
samples collected from six locations. The detected PCE concentrations ranged from 70 pg/kg
to 5,900 pg/kg. VOC-affected soil appears limited to the upper 15 feet of soil at both SWMU .
VOC-affected soil in SWMU-172 was detected above PCLs in an area extending at least 45
feet to the east, 15 feet to the north, 70 feet to the southeast, and 10 feet to the southwest of the
former location of the UST. Affected soil in SWMU-174 exceeding the PCLs did not extend

more than about 10 feet from the former UST location.

Antimony, copper, selenium, thallium, and zinc were detected above their respective PCLs in
soil samples collected for SWMU-172/174. The highest concentrations of these metals were
typically found in the samples collected from the fill materials. Metals-affected soils were
found to extend laterally north, east, and southwest from SWMU-172. The lateral extent of
metals above the PCLs was not defined to the north and east from SWMU-174, but the final RI
Report concluded that the extent was likely limited due to the generally low metals
concentrations detected within these units. The vertical extent of soil affected by metals is
approximately 15 feet bgs at both SWMUs.

7.1.5  Nature and Extent of Affected Groundwater

VOC:s, bis(2-ethylhexyl) phthalate, and metals were detected at concentrations exceeding the
respective PCLs defined in the final RI Report in the vicinity of SWMU-172/174 in some
groundwater samples collected. The analytical results from groundwater investigations
conducted at the site are summarized on Figure 7-2. It should be noted that site
characterization data described below are several years old; the most recent sampling event
occurred in August 2000, over 7 years ago. Groundwater conditions may have changed since

the last sampling event.
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Results from the final RI Report indicate that soil layers composed of sand with gravel or silty
sand predominate in the saturated zone at this site. Therefore, the saturated zone soils will be

characterized as SP/SW sand for assessing soil properties.

Based on results from the RI, VOCs exceeding PCLs included 1,1-dichloroethene (1,1-DCE),
benzene, chloromethane, cis-1,2-DCE, methylene chloride, PCE, TCE, and VC. These VOCs
were detected in groundwater samples collected from both monitoring wells and push probes.
PCE and its breakdown products were detected at the highest concentrations in push probe
PP061, which was installed just downgradient of SWMU-172, in the shallow groundwater at
12 feet bgs. Based on the RI data, the extent of affected groundwater exceeding the PCLs
appears to be defined by monitoring wells GW171 to the south, GW084 to the west, and
GWO080/GWO8I to the north. The downgradient extent of the dissolved VOCs extending
eastward toward the Cedar River Waterway was not fully defined during the RI. However,
VOCs in groundwater samples collected as part of investigations performed subsequent to the
final RI Report and reported in the FSWP from three push probes (PP086, PP087, and PP08S)
placed downgradient from the former UST locations were well below the PCLs established in

the final RI Report, defining the eastern extent of affected groundwater at this site.

The SVOC bis(2-ethylhexyl) phthalate was detected above the PCL of 1.8 ug/L in groundwater
samples collected from well GW152 and push probes PP005 and PP0O07. No other SVOCs

have been detected in site groundwater at concentrations exceeding the PCLs.

Metals detected in site groundwater samples at concentrations above the PCLs included
arsenic, chromium, copper, and lead. All of these constituents were found in a sample
collected in June 1999 from well GW152; arsenic was detected in a sample collected from
GW153. Dissolved metals concentrations in push probe groundwater samples were below the
PCLs, except for arsenic detected in samples collected near the former location of the USTs
(PP006 for SWMU-172 and PP007 for SWMU-174). These results indicate that metals other
than arsenic appear to be related to the presence of suspended sediment in the water sample
rather than from site activities and will not be addressed further in this FS. Arsenic was
detected in groundwater at concentrations exceeding the PCLs only in samples collected within
the source areas. The extent of groundwater affected by arsenic appears to be limited to the
source areas where the USTs were located, and arsenic does not appear to be migrating from

the source areas.
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7.2 CONCEPTUAL SITE MODEL

A preliminary conceptual model for migration of constituents present in affected soil and
groundwater at the Renton Facility was shown in Figure 2-6 of the FSWP (Geomatrix, 2004c).
Based upon the conceptual model, considerations presented in the FSWP, plus information
specific to this site, a site-specific conceptual site model is described below. This site-specific
conceptual site model identifies the media and exposure pathways that must be addressed for
remedial alternatives potentially applicable to this site. Additional details regarding migration
and exposure pathways addressed by remedial measures for this site were presented in

Section 2.

VOCs and metals are present in soil within the source areas for SWMU-172/174. As shown in
the Facility conceptual model presented in the FSWP, these soil constituents can migrate from
the source areas via groundwater or vapor pathways. For this site, migration via groundwater is
the most significant pathway. Constituent transport via groundwater at this site is affected by
soil/groundwater interactions, biodegradation, and the presence of the sheet pile wall in the
downgradient groundwater flow path. As groundwater flows through the VOC-affected soil in
the two source areas, adsorbed VOCs dissolve into groundwater. These dissolved constituents
move with groundwater but at a different velocity because of continuing solute-soil
interactions. This movement has created a plume extending downgradient from the source
areas. The VOC:s at this site also undergo natural biodegradation that destroys the constituents
originally released (PCE, TCE) and generates biodegradation products (cis-1,2-DCE, VC).
These degradation products will also biodegrade, ultimately producing ethene and chloride

salts.

The extent of groundwater affected by dissolved VOCs extends to the north, south, and east of
the source areas where the USTs were located. The affected groundwater is migrating to the
northeast from the source areas toward the discharge area along the Cedar River Waterway.
Although no data have been collected to confirm the exact groundwater flow path adjacent to
the waterway, it is expected that the sheet pile wall affects the flow path. The sheet pile wall,
which is located between East Perimeter Road and the waterway, extends to a minimum depth
of 21 feet bgs. The sheet pile wall functions as a low-permeability barrier and diverts
groundwater flow through more permeable pathways. Groundwater is expected to flow
downward as it approaches the sheet pile wall and pass beneath the sheet piles and into the
lower depths of the waterway. Site constituents, if present in the groundwater at this location,

would enter the waterway along with groundwater.
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Volatilization of constituents from groundwater is not significant for most workers at this site,
as noted in the conceptual model presented in the FSWP. However, the release of volatile
groundwater constituents to receptors may occur after affected groundwater enters the Cedar

River Waterway.

7.3 SITE REMEDIATION OBJECTIVES AND CLEANUP STANDARDS
The remediation objectives applicable to SWMU-172/174 were presented in Section 2 of this
report. The selected remedial alternative considered for potential implementation at the site

will be capable of achieving remediation objectives and cleanup standards for the site.

The COCs for groundwater and soil were identified in FSWP Tables 5-1 and 5-3, respectively.
These COCs were identified by comparing detected constituent concentrations to the PCLs
defined in the final RI Report; if a constituent concentration measured in any sample exceeded
the PCL, the constituent was listed as a COC that must be addressed in the FS. Cleanup levels
for both soil and groundwater meeting MTCA requirements were presented in the FSWP
(Tables 5-6 and 5-2, respectively) and subsequently negotiated with Ecology. To confirm that
the COC:s listed in the FSWP included all constituents detected at concentrations exceeding the
approved cleanup levels, the RI soil and groundwater data were compared to the approved
cleanup levels listed in the FSWP. If concentrations for constituents that were not identified as
COCs exceeded cleanup levels, it would be necessary to include them as COCs. If
concentrations for previously identified COCs were below the approved cleanup levels, the
constituent should be removed as a COC. No new constituents were identified as COCs for
this site, and one COC identified in the final RI Report (thallium) was removed as a result of

this comparison.

The soil and groundwater cleanup levels for the site COCs are listed in Tables 3-1 and 3-2,
respectively. The soil cleanup levels are either MTCA Method A cleanup levels or site-specific
MTCA Method C cleanup levels that are protective of groundwater at the CPOC and were
calculated in accordance with the procedures described in the FSWP or in accordance with
recent negotiations with Ecology. The groundwater cleanup levels listed in Table 3-2 were
developed as described in Section 3 and in accordance with recent negotiations with Ecology.

The cleanup levels are protective of surface water, human health, and the environment.
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1.4 SITE REMEDIAL ALTERNATIVES

Remedial alternatives that incorporate remedial technologies presented in Section 4 have been
identified and developed for SWMU-172/174. The alternatives specifically address site
conditions, the site remediation objectives, and the soil and groundwater cleanup levels for
SWMU-172/174. The remedial alternatives to be evaluated for this site are described below.

These alternatives are evaluated against the evaluation criteria in Section 7.5.

SWMU-172/174 is located on leased property on the eastern portion of the Renton Municipal
Airport. As noted previously, the site and adjacent areas are used for industrial purposes and
are expected to remain under industrial use. Industrial buildings are located adjacent to the
former locations of the USTs. Water level contours presented in the final RI Report indicate
that groundwater beneath this site generally flows to the northeast toward the Cedar River
Waterway. Groundwater flows from the source areas toward the leased property boundary,
which is about 80 to 140 feet to the northeast of the two source areas. Outside the property
boundary, groundwater flows beneath East Perimeter Road, beneath the sheet pile wall, and
into the Cedar River Waterway. A concrete retaining wall extends about 8 feet above grade
along the sheet pile wall. There is unrestricted public access to East Perimeter Road and the

embankment along the Cedar River Waterway.

The buildings adjacent to the former USTs will constrain remedial activities for this site.
Although affected soil was excavated at the time the former USTs were removed from the two
source areas, additional excavation would be limited because of the potential for undermining
the buildings or causing settlement that would damage the buildings. The buildings
immediately upgradient of the two source areas would also limit access for conducting
remediation activities upgradient of the source areas. Access for remediation and/or
monitoring is also constrained outside the lease boundary line because of the adjacent public
roadway and the retaining wall. Remediation approaches considered for the two site
groundwater plumes must address the effects the sheet pile wall has on the groundwater flow

path.

The soil COCs for this site include several metals, PCE, TCE, methylene chloride, and
benzene. With the exception of selenium, all soil samples reported in the final RI Report with
metals exceeding PCLs were collected from depths less than 9 feet bgs (see Figure 7-1).
Concentrations of selenium near the laboratory reporting limit were found at greater depths.

Additionally, all soil samples exceeding PCLs for metals were located within about 20 feet of
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the former UST locations; samples collected outside this range were below PCLs. With the
exception of samples collected from PP061 and PP062, soil samples exceeding PCLs for PCE,
TCE, methylene chloride, and benzene were also located within about 20 feet of the former
UST locations. Based on the results from the final RI Report, it appears that soil affected with
both metals and VOC:s is located near the two former USTs, and soil affected only by VOCs is
in another area in the vicinity of PP061 and PP062.

Selenium was identified as a soil COC for this site; it was not identified as a groundwater COC
because groundwater sampling results indicated selenium was below the PCL in all samples
collected for the RI. The RI results indicated that 8 of the 16 samples analyzed for metals
contained detectable levels of selenium at sampling depths up to 15 feet bgs. Data presented in
the final RI Report indicate that the depth to groundwater varies from about 8 to 11 feet bgs.
Some samples that exceeded the soil PCL were collected within the saturated zone. Although
soil exceeding the selenium PCL is present in the saturated zone, selenium in groundwater did
not exceed its PCL. All samples with reported selenium concentrations were collected near the
two former USTs. Although present in site soil, selenium was not used in production processes
at the Boeing Renton Plant. No other site COCs exceeding PCLs were present at the depth

where selenium was detected.

The detected selenium concentrations in soil (7 to 8 milligrams per kilogram [mg/kg]) were
only slightly greater than the PCL for selenium (5.2 mg/kg) and just slightly above the
laboratory reporting limit (5 to 10 mg/kg). The laboratory reporting limits were somewhat
greater than the PCL because the analytical results were converted to dry weight for reporting.
The selenium quantitation limit is 5 mg/kg; this limit was achieved by the analysis, but the
reporting limit was raised by converting the 5 mg/kg to dry weight. Selenium concentrations in
groundwater samples collected downgradient from the locations where selenium was detected
in soil were below reporting limits, which indicates that the selenium present in site soil,

including in the saturated zone, is not migrating via groundwater.

The soil PCL of 5.2 mg/kg is a Method C cleanup level calculated using the MTCA
partitioning model for protection of groundwater. Although the measured soil concentrations
slightly exceed the concentration calculated for protection of groundwater, site data indicate
that existing concentrations are protective of groundwater (all groundwater samples were below
the groundwater PCL for selenium). Actual site data indicate that the calculated MTCA
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Method C cleanup level for the site is conservative, and that the higher concentrations present

at the site are protective of groundwater.

The Method C Cleanup Level listed in CLARC 3.1 tables for direct ingestion is 17,500 mg/kg;
the EPA Region 9 Preliminary Remediation Goal (PRG) for residential soil is 390 mg/kg. Both
of these alternate health-based standards are substantially greater than the concentrations
detected at the site. Therefore, while selenium was identified in the final RI Report as a COC
for soil at this site, it is not a COC for groundwater, existing soil concentrations are protective
of groundwater, and existing soil concentrations are well below levels posing a risk to human
health. Given these considerations, selenium will not be considered as a soil COC for

remediation of this site.

Antimony was identified as a soil COC for this site; it was not identified as a groundwater COC
because groundwater sampling results indicated that antimony was below the PCL in all
samples collected during the RI. The RI results indicated that only 3 of the 11 soil samples
analyzed contained detectable antimony, with all hits reported at depths less than 9 feet bgs.
Antimony was detected only in samples collected near SWMU-174. The water table varies
from about 8 to 11 feet bgs at the site, indicating that the soil samples containing antimony
extend to the capillary fringe above the water table. As such, soils with the measured antimony
concentrations are in intimate contact with site groundwater. In the three samples with
reportable concentrations of antimony, all were only slightly above the reporting limit of 5 to

7 mg/kg, and all three were reported as “J”” values, which indicate that the constituent was

detected but that the quantification is approximate.

The approved MTCA Method C soil cleanup level for antimony listed in the FSWP is

5.786 mg/kg. This cleanup level was calculated using the MTCA partitioning model for
protection of groundwater. The antimony concentrations in groundwater samples collected
downgradient from SWMU-174 were all below the PCL and are all below the groundwater
cleanup level listed in the FSWP. Since the measured soil antimony concentrations are above
the calculated cleanup level and groundwater antimony is below the cleanup level, site data
indicate that existing antimony concentrations in soil are protective of groundwater. These data
also indicate that the MTCA partitioning model yields a conservative cleanup level. The
Method C Cleanup Level listed in the CLARC 3.1 tables for protection of workers is

1,400 mg/kg and the EPA Region 9 PRG for residential soil is 31 mg/kg, both of which are

substantially greater than the concentrations detected at the site. Therefore, while antimony
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was identified in the final RI Report as a COC for soil at this site, it is a minor constituent, it is
not mobile, existing concentrations are protective of groundwater, and antimony is below levels
that may pose a risk to human health. Based on these considerations, antimony will not be

considered as a soil COC for remediation of this site.

Thallium was defined as a soil COC based on one sample exceeding the PCL. The detected
thallium concentration (6 mg/kg in the borehole for GW152) exceeds the PCL of 5 mg/kg, but
it is below the cleanup level for thallium of 71.2 mg/kg in the approved FSWP. This cleanup
level is based on protection of groundwater. Since the detected thallium concentration at this

site is below the cleanup level, thallium is not addressed as a COC in this FS report.

Copper was defined as a soil COC but it was not identified as a groundwater COC. Three of
the 16 samples analyzed for copper exceeded the PCL, which is based on the background
concentration assigned by Ecology. These results indicate that about 19% of the samples
exceeded the background concentration, which is based on the 90th percentile. Given the basis
for the Ecology background concentration, it is expected that 10% of uncontaminated soil
samples would exceed the established background threshold. Although the soil samples
exceeding the copper PCL were all collected in or adjacent to the former UST locations, copper
concentrations in all downgradient groundwater samples were below groundwater PCLs. The
only exceedance for copper in groundwater was for total metals in one well (GW-152) located
adjacent to a former UST location; the dissolved copper in the same sample was below the
cleanup level, indicating that the exceedance was due to suspended sediment. A subsequent
sample from the same well did not exceed the PCL for copper. These data indicate that copper
present in site soil is not mobile and is not affecting groundwater. Therefore, while copper is a
soil COC at this site, it is a minor constituent and is not mobile. Residual levels of copper that
may remain in site soil after implementation of a remedial measure will not pose a risk to
human health and will not be considered significant. Residual levels of copper will be

addressed by deed recordation and institutional controls.

The groundwater COCs for this site include several metals, chlorinated solvents, benzene, and
one semivolatile compound (see Table 3-2). Groundwater analytical results exceeding PCLs
are shown on Figure 7-2. All sample results with metals concentrations exceeding PCLs were
collected in the immediate vicinity of the former UST locations. Groundwater samples
collected downgradient and cross-gradient from the former UST locations were all below

PCLs, indicating that metals in groundwater are limited to the source areas.
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The highest concentrations detected for VOCs in groundwater were in PP061, which is
approximately 40 feet downgradient from SWMU-172. The affected groundwater plume
extends laterally from the source areas, from just south of wells GW080 and GWO081 to south
of PP062, covering a lateral span of approximately 240 feet. Groundwater samples collected
downgradient from the source areas indicate that biodegradation is active within the
downgradient plume, which likely extends beyond the lease boundary line but not to the Cedar
River Waterway. Downgradient groundwater samples show significant concentrations of the
reductive dechlorination by-products of PCE and TCE. The rapid disappearance of the primary
compounds (PCE and TCE) coupled with the rapid rise of the degradation products clearly
confirms that natural biodegradation is active at this site and is destroying the COCs originally
released. The substantial decrease in concentration seen in a short distance indicates that this
transformation is occurring at a significant rate. The rapid degradation of the toxic COCs to
nontoxic by-products is also demonstrated by the limited extent of affected groundwater
downgradient from the source areas; groundwater COCs have not migrated to the shoreline of

the waterway, as demonstrated by groundwater sampling.

The groundwater metals exceeding PCLs for this site (arsenic, total chromium, copper, and
lead) were detected only in groundwater samples collected less than about 20 feet from the
former USTs. All groundwater samples collected further downgradient from the source areas
were below the PCLs for theses metals. The metals other than arsenic appear to be due to the
presence of suspended soil in the samples, since analyses for dissolved metals were below the
PCLs. These data indicate that the metals present in site groundwater are much less mobile
than the VOCs, which were detected in samples well downgradient from the two source areas.
These data also indicate that the only metal exceeding PCLs in filtered samples, arsenic, rapidly
attenuates at the site. The site data also show that several metals present in soil at low
concentrations are not mobile and do not pose a significant risk to human health and the
environment. The single soluble metal exceeding PCLs in groundwater, arsenic, has not
migrated significantly from the source areas and meets cleanup levels in all downgradient

monitoring wells.

Based on these considerations, the remedial alternatives developed for this site must address
VOC:s in source area soil and in groundwater. Site characterization data show that VOCs in
soil and groundwater can pose a risk to construction workers and that migration within
groundwater is occurring. Site characterization data also show that migration has not reached

the downgradient receptor, the Cedar River Waterway.
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MTCA requires that remedial alternatives selected for a site meet the MTCA threshold
requirements for cleanup actions. The minimum threshold requirements specify that cleanup
actions shall (1) protect human health and the environment, (2) comply with cleanup standards,
(3) comply with applicable state and federal law, and (4) provide for compliance monitoring.
To be considered as a potential remedial alternative for the site, the technologies considered
had to pass the screening evaluation of the remedial technologies described in Section 4. In
addition, the alternatives had to meet the minimum threshold requirements established by
MTCA and had to be consistent with Facility conditions.

Based on the screening evaluation, MTCA minimum threshold requirements, and the site
considerations discussed above, the following three remedial alternatives that could be used to
address COCs on the SWMU-172/174 site were developed:

e Alternative 1: Source Area Excavation, Enhanced Bioremediation, and MA
e Alternative 2: Soil Vapor Extraction and Enhanced Bioremediation
e Alternative 3: Monitored Natural Attenuation
7.4.1  Alternative 1: Source Area Excavation, Enhanced Bioremediation, and
Monitored Attenuation
Remediation Alternative 1 would involve excavating the source areas at SWMU-172/174 to
remove affected soil in the vicinity of the source areas. This alternative also includes enhanced

bioremediation and MA to address the groundwater plume downgradient from the source areas.

The specific elements of this remediation alternative are:

e Excavation of source area soil in the vicinity of the two former USTs and push
probes PP061 and PP062; the extent of excavation would be guided by soil
verification sampling to confirm removal of affected soil exceeding cleanup levels
for soil COC:s to the extent practicable;

e Enhanced anaerobic bioremediation for chlorinated VOCs by adding electron donor
and nutrients within the source areas;

e MA for groundwater constituents using both existing and new monitoring wells
located appropriately to intersect the plume at the CPOC;

e Institutional Controls:

- Deed recordation noting the location and nature of historical waste management
at the site;
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- Covenants and deed restrictions to address potential risks to human health that
may remain as a result of residual soil constituents and affected groundwater
within the plume area;

e An on-site CPOC near the lease boundary line to provide ready access for
installation and sampling of the downgradient monitoring wells.

Additional soil from the vadose zone that exceeds soil cleanup levels for chlorinated solvents
and metals would be excavated and removed. Biodegradation of chlorinated VOCs present
within the downgradient plume would destroy these constituents prior to the point where
groundwater enters the Cedar River Waterway. The institutional controls would continue to
protect human health, as has been done routinely at the site by the existing institutional
controls. For this remedial alternative, a CPOC would likely be used. The CPOC for
groundwater would be located along the lease boundary west of East Perimeter Road

(Figure 7-3). The approximate extent of soil excavation, the expected location of the CPOC,

and the downgradient monitoring wells are shown on Figure 7-3.

7.4.1.1 Source Area Excavation

With Remedial Alternative 1, affected soils in the two source areas would be excavated for off-
site disposal. Soil exceeding cleanup levels would be removed from the vadose zone. The
approximate extent of the soil excavations is shown in Figure 7-3. The maximum depth of
excavation would be to the water table, approximately 8 to 11 feet bgs, to minimize potential
sidewall stability issues. The lateral westward extent of the excavation would be limited by
Buildings 5-08 and 5-09 to avoid undermining the building foundations and causing settlement.
The extent of the excavations to the north, east, and south would generally be based on

verification sample results.

For the conceptual design developed for this FS, it was estimated that approximately

1,200 cubic yards of soil would be removed from the site for off-site treatment and disposal.
Excavated soil would be characterized in accordance with dangerous waste regulations and
disposed of, as appropriate, in permitted, off-site RCRA Subtitle C or solid waste landfills. The
excavated soil would be treated if required to meet RCRA requirements for landfill disposal.
Verification soil sampling would be conducted to confirm the removal of soil exceeding
cleanup levels or to characterize soil that could not be excavated due to physical constraints
such as buildings.
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It is expected that, unless constrained by physical structures, excavation would remove soil
exceeding the soil cleanup levels listed in Table 3-1. For those soil COCs for which cleanup
levels have not been established, the general cleanup levels would be used for comparison to
verify sample results. Buildings 5-08 and 5-09 would likely prevent removal of all soil
exceeding cleanup levels because the affected soil may extend beneath the buildings. To the
extent practicable, soil exceeding soil cleanup levels (as appropriate for constituents other than
selenium) would be removed from the site. As indicated above, existing selenium levels in soil
are protective of groundwater and selenium is not a COC for remediation of this site. To the
extent practicable, this alternative would provide a permanent remedial solution for affected

soil at this site.

7.4.1.2 Enhanced Bioremediation and Monitored Attenuation

With remedial Alternative 1, the reductive dechlorination processes that are active at this site
would be enhanced by the addition of an electron donor and nutrients to site groundwater, as
appropriate. By increasing the concentration of electron donor and any nutrients that may be
deficient, biological activity would be enhanced and the rate of biodegradation would increase,
thereby destroying the chlorinated solvents present in groundwater. An electron donor (such as
molasses, lactate, or emulsified vegetable oil) would be injected into affected groundwater at
the locations shown on Figure 7-3. For the purposes of this FS, it was assumed that this would
be accomplished using a line of injection wells traversing the groundwater plume near the
source areas and/or through existing monitoring wells. The assumed spacing for the injection
wells is 25 feet; actual spacing would be defined in the detailed design for implementation of
this alternative. New injection wells would be installed to an approximate depth of 15 feet bgs
and would be screened through the entire saturated zone above the silty clay layer identified
beneath the site. The electron donor injected into these wells would cover the width of the
plume and move downgradient as the groundwater moves, eventually addressing the affected
groundwater area. Based on this conceptual design, up to 12 electron donor injection wells
would be used. It has been assumed that four injection events occurring over a 2-year period
would be sufficient to achieve full degradation of groundwater COCs. Although the electron
donor has not been selected for this site, for the conceptual design it was assumed that
emulsified vegetable oil would be used. A different electron donor may be used if this
approach is selected for implementation. For costing purposes, it was estimated that

200 gallons of 2% emulsified vegetable oil per well (approximately 2,400 gallons total) would

be injected during each event.
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Monitored attenuation would be conducted to confirm the effectiveness of enhanced
bioremediation and attainment of the cleanup standard. A network of groundwater monitoring
wells would be required at the CPOC to assess the effectiveness of enhanced bioremediation
and to confirm that the cleanup standard is met for groundwater. In accordance with the MNA
guidance discussed in Section 4.2.4, the conceptual monitoring program for SWMU-172/174
has been designed to:

e Demonstrate that biodegradation is occurring according to expectations for site
COCs;

¢ Identify any potentially toxic and/or mobile transformation products;

e Verify that the plumes are not expanding beyond the CPOC;

e Verify that there is no unacceptable impact to potential downgradient receptors;
e Verify that cleanup levels are attained at the CPOC;

e Detect new releases of COCs that could impact the effectiveness of the remedy;

e Demonstrate the efficacy of the institutional controls to protect potential receptors;
and

e Verify attainment of remediation objectives.

For this remedial alternative, a detailed MA plan would be developed to document the
monitoring program. This plan would identify existing and additional monitoring wells and
analytes that would be required for both characterization/validation sampling and long-term
groundwater monitoring. Characterization/validation sampling would be done during the initial
implementation to demonstrate the effectiveness of enhanced bioremediation with respect to
COC mass reduction, attenuation rates, and temporal trends. Long-term groundwater
monitoring would be used after the characterization/validation sampling program was
completed to confirm that the COC plume is progressing toward and eventually attaining

numerical cleanup goals.

For this alternative, an on-site CPOC would be required; the assumed location is along the
downgradient lease boundary on the west side of the East Perimeter Road wall (Figure 7-3). It
has been assumed that three new shallow monitoring wells would be located along the CPOC
(see Figure 7-3). Two of the shallow CPOC monitoring wells would be nested with

intermediate depth wells to monitor the deeper sand unit underlying the shallow, affected zone,
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for a total of five new wells located along the CPOC. Due to the installation of new wells
along the CPOC, existing wells GW152 and GW153 would be abandoned in accordance with
Ecology regulations. The new shallow wells would be completed in the upper portion of the
saturated zone at a depth of about 15 feet bgs. The two intermediate wells would be completed
beneath the silty-clay layer at a depth of about 25 feet bgs. The five new monitoring wells

would be fitted with 5-foot-long screens.

It has been assumed that the five new CPOC monitoring wells, plus six existing source area
monitoring wells (GWO081, GW082, GW084, GW171, GW172, and GW173), would be
included in the monitoring well network for a total of 11 monitoring wells. For this conceptual
program, it was assumed that characterization/validation sampling would consist of quarterly
monitoring of the 11 monitoring wells for a minimum of 1 year. Monitoring parameters and
analytes for each of these wells would include groundwater COCs listed in Table 3-2 and the
appropriate MNA geochemical parameters [e.g., dissolved oxygen, nitrate, Fe(Il), sulfate,
methane, temperature, pH, specific conductance, alkalinity, oxidation/reduction potential,
chloride, ethane, and TOC]. For the conceptual design, it was also assumed that data reporting
for characterization/validation sampling would follow each quarterly sampling event and an

annual report would be prepared that evaluates and discusses the monitoring data.

Long-term groundwater monitoring would follow the initial characterization/validation
sampling program. The long-term monitoring would be conducted for an additional 13 to

14 years (15 years of monitoring total), with semiannual sampling of five shallow wells for
groundwater COCs and a limited suite of geochemical parameters (dissolved oxygen,
oxidation/reduction potential, temperature, and pH). It was assumed that the intermediate wells
would be dropped from the monitoring program after 2 years of quarterly monitoring. To
monitor overall plume control, all 11 wells would be analyzed once every 5 years for the full
list of characterization/validation analytes. For the conceptual design of this alternative, it was

assumed that long-term groundwater monitoring results would be reported to Ecology annually.

7.4.1.3 Institutional Controls

Institutional controls would be incorporated into this remedial alternative to ensure it is fully
protective of human health and the environment. Institutional controls are necessary because it
is expected that some COCs may remain beneath existing buildings and because enhanced
biodegradation of groundwater constituents would require time to fully degrade the COCs. In

general, the institutional controls that would be incorporated into this remedial alternative
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would be a continuation of the controls that have been implemented at the Renton Facility and
that have been proven effective. These institutional controls would be established such that

they are legally enforceable for current and future landowners.

The nature and location (including depth) of the former USTs at SWMU-172/174 would be
recorded on the deed to the property. This recordation would identify the nature of the releases
and inform any future landowners of potential human health or ecological issues related to the

release.

An institutional control restricting the recovery and use of groundwater beneath and
downgradient of the site would be implemented. This control would apply to the leased
property where the SWMU s are located and the area downgradient, extending to the Cedar
River Waterway. This institutional control would require cooperation from the City of Renton
because the City is responsible for the property being leased by Boeing and for the
downgradient area outside the lease boundaries. Recovery of groundwater in this area for any

purpose other than construction dewatering would be prohibited.

Institutional controls requiring implementation of specific and appropriate health and safety
procedures would be implemented for conducting any subsurface work in the immediate
vicinity of the source areas and in the downgradient area where affected groundwater occurs.

In the portions of the source areas where all COCs would not be removed, these controls would
cover all subsurface work, including excavation and installation or maintenance of underground
utilities. In the downgradient plume area, where only affected groundwater is present, the
institutional controls would require appropriate health and safety procedures for any work (such
as excavation below the water table) where direct contact with affected groundwater or

inhalation of vapors released from groundwater may occur.

It was assumed that deed restrictions would be established to limit future unrestricted land use
without additional actions to attain compliance with appropriate soil and groundwater cleanup

levels.

7.4.2  Alternative 2: Soil Vapor Extraction, Enhanced Bioremediation, and Monitored
Attenuation

Remediation Alternative 2 includes SVE within the source area to remove volatile COCs from
affected soil in the vicinity of the source areas and enhanced bioremediation with MA to

address the groundwater plume downgradient from the source areas. Nonvolatile COCs would
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remain within site soils under this alternative. The specific elements included in this

remediation alternative are:

¢ Installation and operation of a SVE system in the vicinity of the two former USTs
and push probes PP061 and PP062. VOCs removed from the soil would be
collected and treated prior to discharge of soil gas to the atmosphere;

e Soil verification sampling to confirm attainment of cleanup levels for volatile soil
COCs;

¢ Enhanced anaerobic bioremediation of chlorinated VOCs by the addition of electron
donor and nutrients to site groundwater;

e MA for groundwater constituents using both existing and new monitoring wells
located appropriately to intersect the plume at the CPOC;

e Institutional Controls:

- Deed recordation noting the location and nature of historical waste management
at the site;

- Covenants and deed restrictions to address potential risks to human health that
may remain as a result of residual soil constituents and affected groundwater
within the plume;

e Points of Compliance: On-site CPOC along the downgradient lease boundary to
provide ready access for installation and sampling of the monitoring wells.

The SVE system would be installed to remove volatile soil COCs from the vadose zone within
the source areas. This technology would be capable of removing volatile constituents that are
present beneath the existing buildings without adversely affecting the buildings or facility
operations. Biodegradation of the groundwater constituents would destroy VOCs present

within groundwater prior to its entering the Cedar River Waterway.

Metals present in site soil would remain with this alternative. As discussed above, residual
metals are not mobile and do not present a significant risk to human health or the environment.
Attenuation of these metals through soil-groundwater interactions would continue to limit their
migration. The institutional controls included in Alternative 2 would adequately address issues
related to these metals and continue to protect human health, as has been done routinely at the
site by the existing institutional controls. The CPOC for this alternative would be located along

the downgradient lease boundary on the west side of East Perimeter Road (see Figure 7-4).
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The approximate locations for the SVE system, the enhanced bioremediation injection wells,

and the downgradient monitoring wells are shown on Figure 7-4.

7.4.2.1 Soil Vapor Extraction

For this remedial alternative, soils in the two source areas affected by volatile COCs would be
remediated by an SVE system. The approximate locations of the SVE wells are shown in
Figure 7-4. Due to the nature of this process, it is expected that volatile COCs present beneath
the existing buildings west of the former USTs would be effectively removed. The SVE
system would address essentially all source area soils above the water table. For conceptual
design of the SVE system, three vapor extraction wells have been assumed (see Figure 7-4).
One well would be placed in each of the former UST locations, and one well would be placed
in the area east of Building 5-09. A blower with a capacity of approximately 100 cubic feet per
minute (cfm) would be used to draw soil gas from the vapor extraction wells. The extracted
soil gas would be treated using a permanganate oxidation bed and activated carbon adsorption
to prevent the release of VOCs and to permanently destroy COCs during off-site regeneration.
Air permitting may be required to address the site remediation National Emission Standards for
Hazardous Air Pollutants (NESHAPS) regulations. Field testing would be required to

determine site-specific design parameters for implementation of SVE at the site.

Verification sampling of soils within the area treated by SVE would be conducted after
monitoring data indicate that the SVE system has removed recoverable VOCs. It has been
assumed that this would be accomplished in 2 years. The verification samples would be
compared to soil cleanup levels to confirm attainment of remediation objectives. The
verification samples would also be analyzed for nonvolatile COCs to confirm previous
sampling results and to confirm the delineation of soil affected by the nonvolatile COCs. It
should be noted that verification sampling may not be possible in all treated areas due to access

restrictions related to the site buildings and activities.

It is expected that the SVE system would substantially remove soil VOCs throughout the
affected area, including the area beneath buildings. Residual concentrations of soil COCs
would be addressed by institutional controls. This alternative would provide a permanent

remedial solution for most of the soil affected by VOCs at this site.
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7.4.2.2 Enhanced Bioremediation

The enhanced bioremediation approach for Alternative 2 would be essentially the same as that
described in Section 7.4.1.2 for Alternative 1. The SVE system included in this alternative
would create an aerated zone within unsaturated soils above the water table. It is expected that
this aerobic soil zone would not adversely affect the anaerobic reductive dechlorination process
in the groundwater. The addition of electron donor would ensure that reducing conditions
would be maintained to support reductive dechlorination processes. The SVE system may
create a slight increase in the demand for electron donor material. For this alternative, a
slightly higher dose of electron donor has been included in the conceptual design. The
enhanced bioremediation system for this alternative would include 12 injection wells designed
as described for Alternative 1 and spaced about 25 feet apart. For costing purposes, it was
estimated that 250 gallons of 2% emulsified vegetable oil per well (approximately

3,000 gallons total) would be injected during each event. It has also been assumed that four
injection events occurring over a 2-year period would be sufficient to achieve full degradation
of groundwater COCs. The conceptual layout for the injection system for this alternative is

shown on Figure 7-4.

An MA program would be included for Alternative 2 similar to that described in

Section 7.4.1.2 for Alternative 1. The CPOC for groundwater would be located on site along
the lease boundary on the west side of East Perimeter Road (see Figure 7-4). The network of
groundwater monitoring wells for Alternative 2 would include all of the wells as presented
above for Alternative 1, plus two additional existing monitoring wells for a total of 13 wells.
The monitoring well network included in this alternative is shown on Figure 7-4. Monitored
attenuation would be conducted as described for Alternative 1; quarterly sampling and
reporting would be conducted for the first 1 to 2 years, followed by 13 to 14 years of

semiannual monitoring and annual reporting.

7.4.2.3 Institutional Controls

The institutional controls for Alternative 2 would be nearly the same as those described above
in Section 7.4.1.3 for Alternative 1. This alternative would remove the majority of soil affected
by VOCs beneath the building, but the metals present in soils would remain unaffected. This
would be reflected in the deed recordation and in health and safety procedures required for
subsurface work in the source area. The institutional controls for the groundwater plume would

be the same as those for Alternative 1.
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7.4.3  Alternative 3: Monitored Natural Attenuation

Alternative 3 is based on biodegradation of organic constituents by MNA and on institutional
controls to limit the potential for exposure to site constituents that may remain in site soil. The
cleanup standard for this alternative would be attained through permanent destruction of
organic constituents by the ongoing natural processes and immobilization of the

nonbiodegradable COCs. The specific elements included in this alternative are:

e Groundwater monitoring using both existing and new monitoring wells located
appropriately to intersect the plume at the CPOC;

e Institutional Controls:

- Deed recordation noting the location and nature of historical waste management
at the site and location where residual COCs exceed cleanup levels;

- Covenants and deed restrictions to address potential risks to human health that
may remain as a result of residual soil constituents and affected groundwater
within the plume area;

e Points of Compliance: An on-site CPOC to provide for ready access to install and
sample monitoring wells.

For this alternative, the CPOC would be along the eastern lease boundary, as shown in
Figure 7-5.

7.4.3.1 Monitored Natural Attenuation

For this alternative, MNA would be used to attain the groundwater cleanup levels at the CPOC.
The groundwater monitoring data for this site presented in the final RI Report and the data
collected during the supplemental investigation and presented in the FSWP indicate that natural
processes are effectively degrading and retarding the migration of both organic and inorganic
COCs. Groundwater sampling data within the source areas and in the downgradient plume
show the products of biodegradation for the chlorinated solvents released in the source areas.
The data also show that although chlorinated COCs are present near the lease boundary, they
have not reached the area east of East Perimeter Road. Available monitoring data indicate that
groundwater COCs have not migrated to the lease boundary; the front of the plume lies
between the most downgradient monitoring wells (GW081, GW173, and GW172) and the
downgradient push probes PP086 and PP087. The groundwater sampling data also show that
metals are only present in samples collected immediately adjacent to the source areas, which
indicates that the metals COCs are not mobile. The single SVOC detected at the site [bis-(2-
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ethylhexyl) phthalate] is also only present within the source area and was not found in any
downgradient groundwater samples collected during the RI. These data demonstrate that

natural attenuation is an active process for this site.

Based on the highly conservative modeling approach presented in Section 6 of the FSWP, fate
and transport groundwater modeling using BIOCHLOR was conducted to evaluate the potential
efficacy of MNA as a final remedy for this site. The modeling followed the conservative
protocol established in the FSWP using the approved model input parameters presented in the
FSWP. The BIOCHLOR model was calibrated using groundwater data for SWMU-172.
Calibration required that degradation rates be included in the model, further supporting that
natural attenuation is active at this site. The modeling parameters specified in the FSWP result
in a very conservative evaluation of natural attenuation. Modeling results with these very
conservative parameters indicate that natural attenuation may not attain the cleanup levels for
chlorinated COCs prior to reaching the Cedar River Waterway. Details regarding the modeling
are presented in Appendix A.

In accordance with current MNA guidance and the approach discussed in Section 4.2.4, the

conceptual monitoring program for SWMU-172/174 is designed to:

e Demonstrate that natural attenuation is occurring according to expectations and
regulatory requirements for both organic and inorganic COCs;

e Identify any potentially toxic and/or mobile transformation products;

e Verify that the plume is not expanding beyond the CPOC;

e Verify that cleanup levels are attained at the CPOC;

e Verify that there is no unacceptable impact to potential downgradient receptors;

e Detect new releases of COCs that could impact the effectiveness of the natural
attenuation remedy;

e Demonstrate the efficacy of the institutional controls to protect potential receptors;
and

e Verify attainment of remediation objectives.

For this alternative, a detailed MNA monitoring plan would be developed. This plan would

identify existing and additional monitoring wells and analytes that would be required for both
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characterization/validation sampling and long-term groundwater monitoring.
Characterization/validation sampling would be used to demonstrate the effectiveness of MNA
with respect to COC mass reduction, attenuation rates, and temporal trends. Long-term
groundwater monitoring would be used after the characterization/validation sampling program
was completed to confirm that the COC plume is progressing toward achievement of numerical

cleanup goals.

For this conceptual design it was assumed that the groundwater monitoring program for MNA
would be the same as the monitoring program described in Section 7.4.2.2 for Alternative 2.
Quarterly sampling for the groundwater COCs listed in Table 3-2 would be conducted for

2 years, followed by 13 to 14 years of semiannual sampling. As described previously, more
rigorous monitoring would be conducted every 5 years, for a total of 15 years of monitoring,
for the geochemical and monitoring parameters identified in Section 7.4.1.2.

7.4.3.2 Institutional Controls

Institutional controls would be incorporated into this Alternative, as described in
Section 7.4.1.3 for Alternative 1.

7.5 EVALUATION OF SITE REMEDIAL ALTERNATIVES

As previously discussed, all three remedial alternatives developed for SWMU-172/174 meet
the MTCA minimum requirements for cleanup actions. This section compares and evaluates
the alternatives based on the MTCA criteria of protectiveness and risk reduction, permanence,
cost, long-term effectiveness, management of short-term risks, technical and administrative
implementability, public concerns, and restoration time frame. An evaluation of each
alternative with respect to these evaluation criteria is summarized in Table 7-1 and discussed

below.

7.5.1  Protectiveness and Risk Reduction Evaluation

Protectiveness and risk reduction are gauged primarily on the time required for the remedial
alternative to reduce risk associated with the site and to meet cleanup levels. Alternatives 1 and
2 would provide protectiveness and risk reduction and are expected to attain cleanup levels for
organic constituents. Alternative 2 is rated higher than the others because it would provide the
most complete and rapid removal of soil COCs from the site. Enhanced bioremediation, which
has been included in Alternative 2, would also provide the most rapid destruction of

groundwater COCs.
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75.2 Permanence

Permanence refers to the ability to reduce the toxicity, mobility, or volume of hazardous
substances, including the permanent destruction of hazardous substances. For this site,
Alternatives 1 and 2 would provide a greater degree of permanence than Alternative 3, which
was ranked lowest. Under Alternatives 1 and 3, organic constituents would remain in soils
beneath buildings. Alternative 2 was ranked highest for permanence because it would provide

the most rapid and complete destruction of site COCs in soil and groundwater.

75.3 Cost

The cost evaluation includes all costs related to implementation of an alternative, including
initial design and construction costs, operation and maintenance costs, monitoring costs, and
reporting costs. The annual costs for operation, maintenance, monitoring, and reporting are
recurring costs that occur in the future. The cost evaluation considers initial implementation
costs and future recurring costs using NPV analysis. For NPV calculation, recurring costs were
inflated 2% annually, and a discount rate of 7% was used. Details regarding the cost estimates
for the three alternatives are presented in Appendix B. The present value costs for the three

alternatives, in 2007 dollars, are summarized below:

Alternative Net Present Value
1: Source Area Excavation, Enhanced Bioremediation, and
. . $1,416,000
Monitored Attenuation
2: Soil Vapor Extraction, Enhanced Bioremediation, and S 900.000
Monitored Attenuation ’
3: Monitored Natural Attenuation $ 492,000

As shown by these costs, Alternative 1 has the highest NPV cost, while Alternative 3 has the
lowest. Therefore, Alternative 1 ranks lowest for cost, Alternative 3 ranks highest, and

Alternative 2 is intermediate.

754 Long-Term Effectiveness

Long-term effectiveness includes the degree of certainty and reliability of the alternative and
whether treatment residue remains from the alternative that will require management.
Alternative 2 was ranked highest for this criterion because it would remove soil and
groundwater COCs to the greatest extent and accomplish this in the shortest time. Alternative 3

was ranked lowest for this criterion because it would lead to the slowest destruction of site
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COCs. Alternative 1 was ranked intermediate because excavation would not remove all
affected soil beneath buildings. All the alternatives would use proven technologies and have
good long-term effectiveness. Alternative 1 would produce a residual waste that would require
long-term management at an off-site facility. The three alternatives would all rely on in situ
biological processes to destroy soil and groundwater COCs; however, Alternative 3 would have
the slowest rate of degradation. Alternative 2, which includes SVE and enhanced
bioremediation, would require active operation to achieve faster remediation, while

Alternative 3, which relies solely on natural attenuation, is a passive process with no active
operating requirements. Alternative 2 was ranked highest for long-term effectiveness because

it would attain cleanup objectives faster than Alternative 1, which was ranked intermediate.

755 Management of Short-Term Risks

Short-term risk refers to the risk to human health and the environment during implementation
of the alternative. Since Alternative 1 would require excavation of affected soil, it would create
potential short-term risks because of the open excavation and off-site transport of affected soil
and groundwater. Alternative 3 would create minimal short-term risks because it relies on
passive, in situ processes. Alternative 3 was ranked highest for this criterion, with

Alternative 1 ranked lowest.

7.5.6  Technical and Administrative Implementability

This criterion is evaluated based on whether the alternative is technically possible relative to
complexity, administrative/regulatory requirements, size, access, and integration with existing
operations. Alternative 1 would require invasive construction to excavate affected soil, thus
significantly affecting site activities and facilities. Alternatives 1 and 2 would both require
permitting and waste manifesting. Alternative 3 was ranked highest for this criterion and

Alternative 1 was ranked lowest.

7.5.7  Public Concerns

This criterion involves potential community concerns with implementation of the alternative.
All three alternatives deal only with an industrial site, which minimizes the potential for public
concern. However, all three alternatives include an on-site CPOC located along the
downgradient lease boundary. Alternative 1 was ranked lowest for public concern due to the
potential for creating odors during excavation and the need to transport significant quantities of

waste for off-site disposal. Both Alternatives 2 and 3 were ranked equal for this criterion.
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7.5.8  Reasonable Restoration Time Frame

Restoration time frame involves the practicability of a shorter restoration time frame with
consideration given to a number of factors, including site risks, site use and potential use,
availability of alternative water supply, effectiveness and reliability of institutional controls,
and toxicity of hazardous substances at the site. As a whole, these factors are a measure of the
urgency of reducing risk and achieving cleanup goals for the site. Given that the site is an
industrial facility and that no imminent risks have been identified, only Alternatives 1 and 2
would achieve a reasonable restoration time frame. Alternative 3, monitored natural

attenuation, would not be able to meet the restoration time frame for PCE and TCE.

7.6 SELECTION OF PREFERRED SITE REMEDIAL ALTERNATIVE

Selection of a preferred alternative under MTCA requires that preference be given to
alternatives that use permanent solutions (to the maximum extent practicable), provide for a
reasonable restoration time frame, and consider public concerns. The analysis below defines
the baseline alternative for SWMU-172/174 and compares the other alternatives to the baseline
alternative based on the degree of permanence, reasonable restoration time frame, and the
degree to which it addresses potential public concerns. Based on this comparison, the preferred
remedial alternative is identified and proposed for selection as the cleanup action to be

implemented for the site.

7.6.1  Baseline Remedial Alternative

The comparison of the three remedial alternatives for this site is summarized in Table 7-1.
None of the alternatives is capable of attaining the standard POC at this site. Buildings 5-08
and 5-09 are located adjacent to the source areas, and affected soil and groundwater extend
beneath the buildings. These buildings are actively used to support manufacturing operations at
the Facility and cannot be demolished. Therefore, it is not technically possible to remediate
affected soil and groundwater beneath the buildings without creating the potential for damaging
the buildings.

Based on the remedial alternative evaluation presented above and summarized on Table 7-1,

the three remedial alternatives are ranked as follows for permanence:

1. Alternative 2: Soil Vapor Extraction, Enhanced Bioremediation, and MA

2. Alternative 1: Source Area Excavation, Enhanced Bioremediation, and MA
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3. Alternative 3: Monitored Natural Attenuation

Based on this ranking, Alternative 2, Soil Vapor Extraction, Enhanced Bioremediation, and
MA, is defined as the baseline remedial alternative. This alternative would provide the greatest
degree of removal and destruction for site COCs and accomplish this removal in the shortest
time. Alternative 2 would provide for permanent destruction of volatile organic COCs through
the SVE system and biodegradation. During initial SVE operations, VOCs present in extracted
soil vapor would be adsorbed or oxidized by on-site equipment; adsorbed VOCs would be
destroyed during regeneration of the adsorbers at an off-site facility. Thus, the alternative

would lead to permanent destruction of the volatile organic constituents.

7.6.2 Comparison to Baseline Alternative

As noted above, Alternative 2 has been defined as the baseline remedial alternative for this site.
Alternatives 1 and 3 will be compared to the baseline alternative in this section for selection of
the preferred alternative. The purpose of this comparison is to assess the benefits and costs for
Alternatives 1 and 3 relative to Alternative 2. The evaluation criteria presented above and in
Table 7-1 were established in accordance with the MTCA requirements cited in WAC 173-
340(3)(f). Costs for the alternatives will be based on the NPV, which reflects the total cost
associated with each alternative over the 15-year time period evaluated. The evaluation of

benefits will be qualitative.

The benefits to be assessed in this comparison and the relative rating for the alternatives are

presented in Table 7-2. The rationale for this comparison is presented below.

e Reduced risk to on-site worker health. All three alternatives are equal in reducing
future risk to site workers because they are all equally protective. Alternative 1
would pose some risk to site workers during remedial construction. Although the
baseline alternative would remove volatile COCs within a few years, potential risks
to on-site workers would not be changed substantially by the other two alternatives.
The institutional controls included in each of the alternatives have been proven
effective in protecting worker health and would continue to be protective.

e Reduced risk to off-site human health. All three alternatives were rated moderate
for reducing risks to off-site human health. The baseline alternative and
Alternative 1 would attain the cleanup level at the CPOC, which is protective of
human health and the environment. Alternative 3 would not attain the cleanup level
at the CPOC. The baseline alternative actively withdraws volatile COCs from the
subsurface, which creates the potential for emissions that may impact off-site
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receptors. For Alternative 1, volatile COCs exposed during excavation could be
released to the atmosphere and migrate to off-site receptors.

e Reduced risk to the environment. Alternative 3 was ranked lower than the
baseline alternative and Alternative 1 for reducing potential risks to the
environment, since it may not attain the cleanup level at the CPOC. The active
removal of volatile COCs using SVE that would result from the baseline alternative
creates the potential for emissions to the atmosphere, which could migrate to oft-site
ecological receptors. The excavation for Alternative 1 could also release VOCs that
could migrate to ecological receptors. The baseline alternative and Alternative 1
would be protective of the aquatic environment because they would all attain the
cleanup levels prior to discharge of the groundwater to the Cedar River Waterway.

e Minimal adverse impact on Facility operations. The baseline alternative was
rated moderate for this benefit because it would impact Facility operations during
installation of the SVE system and require long-term operation and periodic
replacement of SVE system components. Alternative 1 was rated low because the
excavation would substantially disrupt activities at the site. A high rating was given
to Alternative 3, which relies on passive degradation of site COCs and would have
the least impact on Facility operations.

e Minimal restrictions on Facility traffic and access. The baseline alternative was
rated moderate for this benefit because it would impact Facility traffic and access
during installation and operation of the SVE system. Additional impact would
occur during periodic replacement or maintenance of SVE system components.
Alternative 1 was rated low because the excavation would substantially disrupt site
traffic and access during construction. Alternative 3 was given a high rating
because it would affect traffic only during installation of monitoring wells, resulting
in the least impact on Facility traffic and access.

e Minimal adverse impact on Facility structures and utilities. The baseline
alternative and Alternative 3 were both rated high for minimizing adverse impacts
on facility structures and utilities. Neither of these two alternatives would
potentially affect the integrity of site improvements. Alternative 1, which relies on
excavation to remove COCs from the source areas, could cause damage to buildings
or underground utilities, and was rated low for this benefit.

The potential benefit evaluation for the three alternatives shows that the baseline alternative
(Alternative 2 — SVE, Enhanced Bioremediation, and Monitored Attenuation) would provide
the greatest benefit. MNA (Alternative 3) would provide the next highest benefit, and
Alternative 1 ranks lowest for benefits.

The NPV costs for the three alternatives were presented in Section 7.5.3. The baseline

alternative ranks second among the three alternatives, with an intermediate cost. Alternative 3
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would have the lowest net present value cost (approximately 54% of the estimated cost for the
baseline alternative). Alternative 1 would have the highest cost (approximately 1.6 times the
cost for the baseline alternative). Alternative 3 is ranked highest for cost because it has the
lowest NPV.

7.6.3  Preferred Remedial Alternative
The preferred remedial alternative for SWMU-172/174 is the baseline alternative,

Alternative 2, Soil Vapor Extraction, Enhanced Bioremediation, and Monitored Attenuation.
This alternative would address the elevated COC concentrations remaining in the soil. PCE
exceeds the soil cleanup level that is protective of groundwater at the CPOC. PCE and TCE
concentrations in the source area groundwater also exceed the cleanup level that is protective of

groundwater at the projected CPOC.

Groundwater fate and transport modeling conducted using very conservative assumptions
indicates that groundwater COCs would attain cleanup levels at an on-site CPOC located
upgradient of the Cedar River Waterway. The presence of East Perimeter Road and the
retaining wall along the western shoreline of the waterway precludes development and

minimizes the potential for exposure to groundwater downgradient from the CPOC.

Groundwater in the vicinity of the site is not used for any purpose, and potable water is readily
available from the Renton public water system. The institutional controls included in
Alternative 2 have been implemented and proven by Boeing, who would continue to maintain
overall responsibility for this site and ensure that the institutional controls are properly
enforced.

SVE and enhanced bioremediation for this site would achieve the expectations for cleanup
actions cited in the MTCA regulations at WAC 173-340-370 (1) — (8). Only those expectations
relevant to large, complex sites are considered relevant to SWMU-172/174. The relevant

expectations are addressed as follows.

e Implement Treatment at Sites with Liquid Wastes, High Contaminant
Concentrations, Highly Mobile Materials, or Discrete Areas of Contamination.
Ecology expects that treatment will be emphasized for sites meeting these general
criteria. Boeing has completed removal of affected soils within the source areas to
the extent practicable without adversely affecting building foundations. While
remaining COC levels are significant, they are not high, and there is no evidence of
liquid wastes at the site. The source areas are not discrete and extend beneath
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buildings, preventing ready access for removal or treatment. SVE and enhanced
bioremediation will address the source areas to the extent practicable given site
constraints.

e Destroy, Detoxify, or Remove Hazardous Substances. Ecology expects that
hazardous substances will be destroyed, detoxified, or removed to below cleanup

levels. SVE and enhanced bioremediation will result in the ultimate destruction of
COCs.

e Implement Engineering Controls for Low Contaminant Concentrations. The
buildings and extensive surface pavement or tarmac covering the site serve as a cap
to provide containment for affected soil and groundwater over the source areas and
much of the plume. The cap will remain over the site while SVE and enhanced
bioremediation treat the site COCs.

e Prevent Runoff of Hazardous Substances. Ecology expects that cleanup actions
will include active measures to prevent precipitation from creating runoff that
contains affected soil. This expectation would be met because the installation of the
SVE system and implementation of enhanced bioremediation would not materially
alter the buildings, tarmac or pavement at the site. The buildings, tarmac, and
pavement are integral to Boeing’s activities at the site and are well maintained. In
addition to preventing runoff from contacting hazardous substances, the buildings,
tarmac, and pavement minimize surface water infiltration, thus resulting in
decreased groundwater flow rates and increased time for groundwater to flow from
the source area to the waterway.

e Prevent Runoff and Groundwater Discharge to Surface Water. Ecology
expects that the cleanup action would include active measures to prevent or
minimize releases to adjacent surface water bodies via runoff or groundwater
discharge, and that dilution will not be the sole method for attaining cleanup levels.
SVE and enhanced bioremediation would attain cleanup levels by removing and
destroying COCs or promoting their enhanced bioremediation. The cleanup
alternative also includes a groundwater monitoring network and program that would
confirm that cleanup levels are attained in groundwater upstream from the
waterway.

The preferred remedial alternative would be designed to comply with applicable regulations.
Potentially applicable regulations are listed in Table 7-3. These regulations govern the design,
installation, and operation of remediation systems. Construction for the preferred alternative
would include installation of the SVE wells, the bioremediation injection wells, and the new
monitoring wells, some of which are within 200 feet of the shoreline along the Cedar River
Waterway. To establish baseline groundwater conditions at the proposed CPOC, these

groundwater monitoring wells may be installed as an interim action prior to completion of the
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Cleanup Action Plan (CAP). Results from installation and water quality testing at the CPOC
may be used during the CAP process to ensure that this preferred alternative is optimal for this
SWMU and continues to meet site objectives. If appropriate, based on the initial monitoring
results for the CPOC wells, the remedial design may be revised as part of the CAP to ensure the
remedial design is optimal for this SWMU.

The primary regulations governing the preferred alternative would be the MTCA regulations,
the Puget Sound Clean Air Agency (PSCAA) regulations, federal NESHAPS, Washington well
drilling regulations for monitoring wells, solid waste disposal regulations, dangerous waste
regulations, transportation regulations, underground injection control regulations, and
Department of Labor and Industries health and safety regulations. Well drilling rules specify
well design and drilling requirements. The solid and dangerous waste regulations specify waste
characterization, manifesting, and disposal requirements for drilling wastes and spent media
from controlling emissions. Transportation regulations specify labeling and shipping
requirements for wastes and spent media generated from implementation of the alternative.
The PSCAA and NESHAPS regulations govern design and permitting for emissions from the
SVE system. MTCA regulations specify remediation requirements and the cleanup standards
to be attained. The preferred alternative would be designed, implemented, and monitored to

comply with these regulations
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TABLE 7-1

COMPARISON OF REMEDIAL ALTERNATIVES, SWMU-172/174"

Boeing Renton Facility
Renton, Washington

&= Geomatrix

Standards/Criteria

Alternatives

1 -Source Area Excavation/Enhanced Bioremediation/MA

2 - Soil Vapor Extraction/Enhanced Bioremediation/MA

3 - Monitored Natural Attenuation

Protectiveness and
Risk Reduction

Pros

Removes or destrays soil COCs, including metals. Soil COCs addressed
quickly. Destroys or immobilizes groundwater COCs.

Removes volatile soil COCs. Destrays or immobilizes groundwater
COCs. Removes VOCs beneath buildings.

Destroys organic groundwater COCs. Immaobilizes metals.

Cons

Slow to achieve cleanup for groundwater. Cannot remediate area beneath
buildings. Off-site waste management required.

Cannot remove nonvolatile soil COCs.

Metals remain at site. Long remediation time.

Rating

MH

H

ML

Pros

Most soil COCs, including metals, are removed from site. Organic
groundwater COCs are destroyed.

Volatile soil and groundwater COCs are destroyed.

Natural carbon in site soils promotes MNA. COCs are destroyed, no toxic
residuals.

Effectiveness

Cons

Soil COCs remain beneath buildings. Requires institutional controls. Off-
site waste management.

Requires periodic injections. Metals remain in site soils. Requires
institutional controls. Off-site waste management.

Permanence COCs beneath building remain at site. Metals remain in site soil. Nonvolatile soil COCs remain at site. Metals remain in site soil. L . . ) .
Cons Residuals managed at off-site facility. Off-site CPOC. Residuals managed at off-site facility. Off-site-CPOC. Metals remain in site soil. Slow degradation rates; Off-site CPOC.
Rating MH H ML
Pros |Long-term costs minimized. Lowest total cost. Minimal impact on site activities.
Cost Cons [Affects site activities. May damage facilities. High initial cost. Long-term monitoring costs incurred.
Rating ML MH H
Removes or destroys accessible soil COCs. Groundwater organic COCs  |Removes or destroys volatile soil COCs. Organic groundwater COCs ) .
Pros Destroys COCs; Passive, natural process.
destroyed. destroyed.
Long-Term

Requires institutional controls.

Short-Term Risks

transportation. Requires periodic electron donor injection.

potential for emissions.

Rating MH H ML
Pros |In situ management of affected groundwater. In situ management of affected groundwater. Simplest implementation. Minimal potential for exposure to site COCs.
Management of Cons Exposure of affected soil, potential emission of dust and volatiles. Waste [Requires periodic electron donor injection. Volatile COCs are extracted,

Rating

L

ML

H

Technical and
Administrative
Implementability

Pros

Off-site landowner has indicated general acceptance for CPOC.

Moderate impact on site activities. Off-site landowner has indicated
general acceptance for CPOC.

Simple system, minimal impact on ongoing activities. No permits needed. Off-
site landowner has indicated general acceptance for CPOC.

Cons

Requires excavation and backfill permits, waste manifests, coordination
with site manufacturing activities. Potential for damaging facilities.
Periodic electron donor injection. Injection permit required. Off-site
landowner permission needed for CPOC.

Requires periodic electron donor injection. Injection and emission
permitting. Off-site landowner permission for CPOC.

Off-site landowner permission for CPOC.

Restoration Time
Frame

Most rapid removal of soil COCs.

Fair to moderate cleanup time frame.

Rating L MH H
Pros |Industrial site. Industrial site. Industrial site.
Public Concerns Cons [Requires City of Renton approval for CPOC. Potential odor issues. Requires City of Renton approval for CPOC. Requires City of Renton approval for CPOC.
Rating ML MH MH
Industrial site; Proven institutional controls; Alternative water available;  |Industrial site; Proven institutional controls. Alternative water available. A S ) . .
Pros Industrial site; Proven institutional controls; Alternative water available.

Cons

Does not address COCs beneath building. Practicability of shorter time
frame limited by facility operations

Practicability of shorter time frame limited by facility operations. Metals
remain in site soil.

Longest cleanup time. Metals remain in site soil. Practicability of shorter time
frame limited by facility operations.

Rating

ML

ML

L

Notes:
1. Comparison Ratings:

H = Highest (if the decision were based solely on one criterion, an H score would indicate the alternative is the preferred alternative);
MH = Medium High;
ML = Medium Low;

L= Low.
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TABLE 7-3

POTENTIALLY APPLICABLE REGULATIONS
SWMU-172/174 PREFERRED REMEDIAL ALTERNATIVE
Boeing Renton Facility
Renton, Washington

Law/Regulation Citation Applicability

Chemical-Specific Laws and Regulations

Washington Clean Air Act/Puget Permitting, air quality

Sound Clean Air Agency WAC 173-400 .

: impacts
Regulations
National Emission Standards for Emission control

40 CFR Part 61

Hazardous Air Pollutants requirements, permitting

Washington Dangerous Waste Waste management,

: WAC 173-303 s )
Regulations permitting requirements
Washington Model Toxics Control Establishment of cleanup
Act Regulations WAC 173-340 levels and POCs

Action-Specific Laws and Regulations
- - - - 1
Wa§h|ngton State E_nwronmental WAC 197-11 Permlttlng, EIA/EIS
Policy Act Regulations requirements
Washington Industrial Safety and i Occupational health and
Health Act Regulations WAC 296-24 safety
Transportation requlations 49 CFR Parts 100 & Transportation for wastes and
P g 177, WAC 446-50 materials

Well design and installation

Washington well drilling regulations | WAC 173-160 & -162
standards

Washington Underground Injection Underground injection

WAC 173-218

Control Regulations permitting
Washmgton solid waste disposal WAC 173-304 Disposal of nondangerous
regulations waste
Location-Specific Laws and Regulations
Shoreline Management Act RCW 90.58 Standards for construction

within 200 ft of shoreline

Notes:
1. EIA = Environmental Impact Analysis; EIS = Environmental Impact Statement.
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1. HORIZONTAL DATUM:
WASHINGTON STATE COORDINATE SYSTEM
NORTH ZONE NAD83 (91)
VERTICAL DATUM:
NATIONAL GEODETIC VERTICAL DATUM (NGVD1929)

2. BASEMAP COMPILED BY DUANE HARTMAN &

ASSOCIATES, INC., DECEMBER 1994

3. PUSH PROBE LOCATIONS FROM FINAL REMEDIAL
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