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1.0 INTRODUCTION

This document presents a summary of work plans and previous reports for the interim actions (lAs)
being used to address groundwater contamination present at The Boeing Company’s (Boeing)
Developmental Center (DC) in Tukwila, Washington (Figure 1). The DC is a regulated facility under the
Resource Conservation and Recovery Act (RCRA) with a facility identification number of WAD-09363-
9946. The Washington State Department of Ecology (Ecology) is authorized by the US Environmental
Protection Agency (EPA) to implement RCRA corrective action through its Model Toxics Control Act
(MTCA) regulations. Boeing has performed these remedial actions at the DC under Ecology’s Voluntary
Cleanup Program (VCP), but this work will continue under the new Agreed Order issued for the DC and
per the information presented in this Interim Action Work Plan.

1.1 Site Description

The DC (site) is located at 9725 East Marginal Way South in Tukwila, Washington near Boeing Field
and the Military Flight Center (now called the Military Delivery Center; Figure 1). The site is bounded
by the Duwamish Waterway on the west and East Marginal Way South on the east.

The earliest known commercial operations at the site began in 1927and since then have included
various commercial and industrial activities such as a sawmill, a welding supply company, a stockyard
and meat-packing plant, a compressed gas company, warehouses, office buildings, a granary, a
commercial trucking operation, a staging area for heavy trucks, a grocery store, a gasoline station, a
tavern, a construction yard, a commercial parking lot, and a propane distributor (LAl 2002a).

Boeing has been operating on portions of this site since 1956 (SAIC 1994) and the site currently consists
of over 30 buildings on approximately 112 acres. The DC is an aircraft and aerospace research and
development complex, primarily supporting projects for the US Department of Defense. Activities that
have occurred at the DC facility include research & development programs including the Bomarc missile,
Minuteman Intercontinental Ballistic Missile, Supersonic Transport (SST), YC-14 short takeoff/ landing
transport, YF-22 fighter prototype, and the Boeing Joint Strike Fighter candidate. Manufacturing
activities have included significant portions of the B-2 stealth bomber and military variants of Boeing
commercial jets (Boeing 2009). Past manufacturing operations included machining of metal aircraft
hardware, electroplating, chemical milling, conversion coating, painting, parts cleaning, and assembly.
Experimental manufacturing shops and research laboratories were used to investigate production
aspects of materials and processes for manufacturing. There were also laboratories to investigate
metals technology and electronics sciences (SAIC 1994). The DC facility continues to be the primary
research and development center for carbon fiber composite structures.

1.2 Background

Under its RCRA corrective action authority, the EPA conducted a RCRA Facility Assessment (RFA) in
1994 and identified 157 solid waste management units (SWMUs) and five areas of concern (AOCs) at
the DC (SAIC 1994). Each of these SWMUs and AOCs were evaluated in a comprehensive Summary
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Report prepared for Boeing by Landau Associates, Inc. (LAl 2002a). Ecology approved the exclusion of
most SWMUs and AOCs from further investigation based on this evaluation and the demonstration
that they did not pose a threat to human health or the environment.

After approving the Summary Report (LAl 2002a), Ecology determined that only two SWMUs
(SWMU-17 and SWMU-20) and three AOCs (AOC-01/02, AOC-03/04, and AOC-05) remained subject to
continued monitoring and evaluation. Contaminants of concern were not detected during two
consecutive events (wet and dry seasons) and four consecutive quarters of monitoring at AOC-01/02
and AOC-03/04, respectively (Boeing 2002, 2003); monitoring was in accordance with the
Developmental Center Groundwater Monitoring Plan (Boeing 2001). Following this additional
monitoring at AOC-01/02 and AOC-03/04, Ecology agreed that no further monitoring or other
remedial action was required.

The three areas requiring further remedial action (AOC-05, SWMU-17, and SWMU-20) are described
in the following sections. A facility boundary map showing the locations of these three areas within
the DC facility is presented on Figure 2. A site plan showing the specific areas where further remedial
action is being performed, including monitoring wells and facility buildings of interest, is presented on
Figure 3.

1.2.1 AO0C-05

AOQC-05 is located in the vicinity of Building 9-61 (Figure 3). This AOC consisted of a 1,000-gallon steel
underground storage tank (UST) designated as DC-01 and an associated pump island, which were
located approximately 25 to 30 feet (ft) south of the southwest corner of building 9-61. The UST,
containing unleaded gasoline, was removed in 1985 after it was punctured by a measuring rod
releasing approximately 830 gallons of unleaded gasoline (LAl 2004a). The contaminants of concern in
AOC-05 are gasoline-range total petroleum hydrocarbons (TPH-G) and benzene, toluene,
ethylbenzene, and xylenes (BTEX); these contaminants are directly associated with the gasoline
release in the early 1980s.

1.2.2 SWMU-17

SWMU-17 is located west of Building 9-64 (Figure 3). This SWMU consisted of a 67-gallon sump and
associated 4,000-gallon steel UST designated DC-05. Waste oil generated by the hydraulic testing shops,
automotive maintenance shops, and other operations at the DC was poured into the sump, which
drained to the UST. Periodically, waste oil was pumped from the UST for offsite treatment and disposal.
Both the sump and UST were removed in 1986 (LAl 2004a). The contaminants of concern in SWMU-17
are volatile organic compounds (VOCs), arsenic, and copper. The specific VOCs of concern are
perchloroethene (PCE) and its transformation products (trichloroethene [TCE], cis-1,2-dichloroethene
[cDCE], and vinyl chloride [VC]).
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1.2.3 SWMU-20

SWMU-20 is located at the northwest corner of Building 9-101 and just off the northeast corner of
Building 9-90 (Figure 3). This SWMU consisted of a vapor degreaser located in the northwest corner of
Building 9-101. PCE and TCE were reportedly used during the operation of the degreaser from 1956 to
1984. The vapor degreaser, associated piping, and other equipment were removed in 1984 and all
openings through walls and floor slabs were plugged. The concrete-lined degreaser pits and sumps
were backfilled with compacted sand backfill material and capped with 10 inches of concrete slab (LAl
2004a). The contaminants of concern in SWMU-20 are VOCs resulting from a suspected solvent leak
from the former vapor degreaser pit. Specific VOCs of concern are PCE and TCE and transformation
products (cDCE and VC), as well as benzene and naphthalene.
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2.0 SELECTED INTERIM ACTIONS

IAs began in the late 1990s at AOC-05, SWMU-17, and SWMU-20 and are nearing completion. 1A
activities in these three areas through 2003 are summarized in the DC Evaluation Report (LAl 2004a).
Since that report, |A activities and groundwater monitoring results have been summarized in various
work plans, work plan addenda, semiannual reports for the site, and in annual reports for SWMU-17
and AOC-05. IA activities and documents are identified for each area in the following sections and in
Table 1. Work plans and other critical documents for each area are provided as appendices to this
report.

2.1 AOC-05

Bioremediation was selected as the IA in AOC-05 for the treatment of TPH-G and BTEX in
groundwater. Bioremediation involves the addition of electron acceptors to enhance biodegradation
of TPH-G by native micro-organisms in the aquifer. Micro-organisms can generate energy for cellular
processes, like growth and reproduction, by utilizing TPH-G as an electron donor in redox reactions.
Micro-organisms preferentially use oxygen then nitrate as electron acceptors for these redox
reactions. However, aquifers with naturally high organic carbon and reduced redox conditions can
exert a very high natural oxygen demand that makes an aerobic bioremediation approach impractical.
An initial attempt to stimulate aerobic bioremediation through addition of Regenesis Oxygen Release
Compound® (ORC®) was unsuccessful. Subsequent pilot testing and full-scale implementation of
anaerobic bioremediation through addition of nitrate has been successful. These treatments and
results are summarized below.

2.1.1 ORC®Injection

ORC was injected in 2002 in accordance with the work plan to stimulate aerobic bioremediation of
TPH-G (LAI 2002b). ORC is a powdered magnesium peroxide product that slowly releases oxygen to the
aquifer as it becomes hydrated in the saturated zone. ORC was mixed with water and injected as a
slurry using direct-push drilling methods. A total of 1,060 pounds of ORC were injected at 13 locations
in the vicinity of the former UST. ORC was ineffective at changing aquifer redox conditions or
significantly reducing contaminant concentrations (LAl 2006a).

2.1.2 Aquifer Redox Evaluation

Consideration of the aquifer depositional environment and natural aquifer redox conditions outside of
the area of TPH-G contamination indicated that the aquifer was naturally reducing (i.e. anoxic) and
exerted a substantial natural oxygen demand. For successful aerobic bioremediation of the TPH-G to
occur, this natural oxygen demand would have to be overcome, as well as the oxygen needed for
aerobic bioremediation of the TPH-G. The estuarine (i.e. mudflats) depositional environment of the
aquifer exerts this high natural oxygen demand because it is the source of a high natural organic
carbon content and reduced metal species within the aquifer.

Evaluation of aquifer redox data collected from monitoring wells indicated that redox conditions in
the contaminant source zone, and immediately downgradient, were nitrate- to sulfate-reducing.
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Redox conditions farther downgradient were nitrate- to iron-reducing. The natural reducing condition
of the aquifer indicates that anaerobic bioremediation through injection of nitrate or sulfate would be
more effective than the aerobic approach attempted with ORC. Nitrate, which was not detected in
any wells, would be fully consumed within the zone of TPH-G contamination or downgradient under
natural aquifer conditions. Moderate concentrations of sulfate were present, even in the TPH-G
source zone, indicating incomplete utilization of naturally available sulfate (i.e. nitrate was preferred
over sulfate for stimulation of anaerobic bioremediation; LAl 2006a).

2.1.3 Nitrate Pilot Test

A pilot test was designed to determine if injection of nitrate solution would successfully enhance
anaerobic biodegradation of TPH-G and BTEX (Appendix A; LAl 2006b). The pilot test began in January
2007 with injection of ammonium nitrate solution to source zone well BDC-103. Approximately 6,500
gallons of extracted groundwater amended with nitrate to a concentration of 1,000 milligrams per
liter (mg/L) were injected. The injection volume was based on an estimated radius of injection (ROI) of
13.5 ft. Yeast extract was added to injection fluid to provide micro-nutrients for bacterial growth.
Downgradient wells BDC-101 and BDC-102, in addition to BDC-103, were monitored for baseline data
prior to injection and for performance data following injection.

In the 4 months following pilot testing, TPH-G concentrations were reduced by 49 percent from
baseline and BTEX concentrations were reduced by up to 98 percent from baseline. Nitrate was fully
utilized and decreased to background levels within 4 months after the injection. The pilot test
successfully demonstrated that nitrate as an amendment could effectively reduce TPH-G and BTEX
concentrations at AOC-05 without nitrate persisting in groundwater or being transported
downgradient from the source zone. Implementation of full-scale nitrate injections was
recommended based on pilot test results (LAl 2007a).

2.1.4 Full-Scale Nitrate Injections

Full-scale nitrate injections began in February 2008. These IA injections were conducted in accordance
with the work plan (Appendix B; LAI 2007b) and as modified in subsequent reports based on
monitoring results. The work plan covered repeated injection events because it was anticipated that
multiple injections would be required for complete biodegradation of the TPH-G and BTEX present in
the aqueous, sorbed, and non-aqueous phase liquid (NAPL) phases within the treatment area.
Ammonium nitrate was injected to source zone wells BDC-103 and BDC-104 using similar volumes and
nitrate concentrations as the pilot test. These wells and downgradient wells BDC-101 and BDC-102
were monitored for baseline data and quarterly following injection. From 2008 through 2018, 11 full-
scale injections were performed at BDC-103. Five injections were performed at BDC-104, where TPH-G
and BTEX were fully treated as of 2008 (LAl 2018a).

2.1.5 Interim Action Performance Evaluation

IA performance in AOC-05 has been documented in 21 semiannual reports and 10 annual reports to
Boeing and Ecology since 2008 —the year of the first full-scale nitrate injections. The most recent
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annual report covers all IA activities and results through February 2018 (LAI 2018a). The most recent
semiannual report for the site includes data through November 2018 (LAl 2019). Cumulative data
tables with analytical data through the most recent sampling event in November 2018 are presented
in Tables 2 and 3.

Monitoring results suggest that bioremediation of TPH-G and BTEX is nearing completion in AOC-05,
as indicated by the extended period of contaminant concentrations below the proposed cleanup
levels (PCULs) and slower nitrate utilization. February 2018 monitoring data indicate substantial
contaminant concentration reductions of more than 99 percent compared to 2008 baseline conditions
(LAl 2018a).

The last injection occurred in December 2017, with nitrate persisting in groundwater through August
2018 (20 months). November 2018 results indicate nitrate depletion and a slight rebound in TPH-G and
BTEX concentrations; however, all detections were below PCULs (LAl 2019). Ongoing monitoring will
evaluate potential rebound of TPH-G and BTEX concentrations. In the event of substantial rebound,
additional nitrate injections will be performed. Monitoring will continue in accordance with Section 4.0
of this report.

2.2 SWMU-17

Bioremediation was selected as the remedial approach in SWMU-17 for the treatment of PCE in
groundwater. Anaerobic bioremediation of PCE relies on reductive dechlorination — the
microbiologically mediated process by which PCE is reduced to transformation products TCE, cDCE, VC,
and non-toxic end products ethene and ethane. Detections of TCE and cDCE indicated that natural redox
conditions in SWMU-17 were conducive to reductive dechlorination of parent product PCE. Micro-
organisms gain energy through reductive dechlorination by utilizing PCE and transformation products as
electron acceptors and hydrogen gas as an electron donor. Fermentable substrates like ethyl lactate,
sodium lactate, vegetable oil, and molasses can serve as indirect electron donors for this process by
stimulating the growth of fermenting micro-organisms that produce hydrogen gas (LAl 2008a). Pilot
testing and full-scale implementation of anaerobic bioremediation through addition of fermentable
substrates has been successful. These treatments and performance results are summarized below.

2.2.1 Electron Donor Pilot Test

A pilot test work plan (Appendix C; LAl 2008a) was developed to determine if electron donor (sodium
lactate and vegetable oil) and ferrous sulfate as groundwater amendments would successfully
enhance anaerobic biodegradation of PCE and immobilization of copper in SWMU-17. The pilot test
was also used to evaluate the effect of this approach on dissolved arsenic concentrations.

Ferrous sulfate was added along with electron donor substrates during the pilot test to stimulate
removal of dissolved copper and arsenic from groundwater, and abiotic degradation of PCE via
reaction with iron sulfides. Abiotic degradation of PCE is a supplemental degradation mechanism that
occurs in addition to the biotic anaerobic degradation (i.e. reductive dechlorination) stimulated by
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electron donor amendment. Copper can be immobilized in reactions mediated by sulfate-reducing
bacteria and arsenic can be immobilized by sorption or precipitation reactions (LAl 2008a).

The pilot test in SMWU-17 was performed in October 2008. Monitoring well BDC-05-02 was injected
with approximately 5,300 gallons of potable water and then amended with 256 gallons of vegetable
oil emulsion, 275 gallons of sodium lactate, 400 pounds of ferrous sulfate, and yeast extract. The
injection volume was designed to create an ROl of 13 to 18 ft (LAl 2008a). Bioremediation of PCE at
SWMU-17 was successfully stimulated by the electron donor pilot test injection. However, the
relatively limited extent of PCE and TCE treatment observed during the pilot test indicated that the
ROI created was smaller than anticipated and that the downgradient transport of electron donor was
slow (LAl 2010a). Over the course of the pilot test, PCE and TCE concentrations decreased
substantially at SWMU-17, but the lack of substantial VC, ethene, or ethane production indicated that
the process of reductive dechlorination was incomplete. In addition, metals concentrations remained
unchanged at most wells; copper and arsenic concentrations were within the range of pre-injection
results (LAl 2010a).

2.2.2 Downgradient Data Gaps Investigation

In preparation for full-scale treatment in SWMU-17, groundwater was sampled from 74 direct-push
borings in April 2009 through March 2011 to fully investigate the area downgradient of the suspected
source zone. The exposed direct-push screen was centered at 18.5 ft below ground surface (bgs) to
approximate the mid-point between the water table and the bottom depth of injection well
BDC-05-02. Three borings within the core of the PCE and TCE plume were sampled from multiple
depths to understand the vertical extent of contamination (LAl 2011).

Direct-push groundwater sampling results indicated that PCE and TCE contamination was confined to
the shallow interval at approximately 18.5 ft bgs and that reductive dechlorination to VC was
occurring (i.e. aquifer redox conditions were more reducing) in certain sections of the plume (LAl
2011).

2.2.3 First Full-Scale Injection

Full-scale electron donor injections were recommended after the pilot test demonstrated the
effectiveness of this approach to treat PCE and TCE in groundwater at SWMU-17. A work plan for full-
scale bioremediation (Appendix D; LAl 2011) was developed for the implementation of electron donor
injection to the source zone in SWMU-17.

A remediation product consisting of ethyl lactate and emulsified vegetable oil (LactOil®) was injected
as the electron donor to 11 wells (BDC-05-02, BDC-05-07, BDC-05-09 through BDC-05-17) along the
centerline of the narrow plume in August 2011. Each of the 11 injection wells were injected with a
fluid volume and electron donor mass similar to what was used in the pilot test injection.
Approximately 5,600 gallons of injection fluid consisting of potable water, 320 gallons LactQil, and
yeast extract were delivered to each well. A total of 61,600 gallons of fluid containing 3,520 gallons of
LactOil were injected (LAl 2011).
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Post-injection monitoring indicated that bioremediation was substantially enhanced over
approximately 6 years following the August 2011 electron donor injection. Monitoring data provided
“direct evidence” of biodegradation of PCE, TCE, and their transformation products at 16 of 22
monitored wells. PCE, TCE, cDCE, and VC concentrations were below PCULs at all but three wells as of
the August 2017 sampling event; highly reduced redox conditions necessary for complete reductive
dechlorination were evident as of the May 2017 sampling event (LAl 2017).

2.2.4 Second Full-Scale Injection

In anticipation of final cleanup levels (CULs) lower than the PCULs (see Section 3.0), an additional
electron donor injection was proposed for five wells in SWMU-17, targeting wells with PCE and/or TCE
detections greater than 1 microgram per liter (ug/L) in 2017. This focused injection was described in
an addendum to the work plan (Appendix E; LAl 2017).

Five wells (BDC-05-02, BDC-05-03, BDC-05-04, BDC-05-07, and BDC-05-10) were injected with
molasses in November 2017. Molasses, a more soluble electron donor, was injected instead of LactQil
for this second injection. The previous use of both fast release (very soluble) lactate and slow-release
(less soluble) vegetable oil contained in LactOil was intended to optimize the distribution and
longevity of the injected donor for extended treatment. The optimization occurs because the lactate
component is very soluble and can be transported farther downgradient, while vegetable oil, which is
much less soluble, moves a shorter distance from the wells and ferments more slowly to provide a
long-term source of donor to aquifer bacteria. Generally, combined use of very soluble and less
soluble donor is a beneficial strategy to extend the treatment period between injection events.
However, long persistence of electron donor was not the goal of this injection event because it
occurred near the end of anticipated treatment. The goal of using very soluble sugar was to focus
treatment on residual contaminant mass without persistent elevated total organic carbon (TOC)
concentrations over time, which had the potential to delay the use of wells as points for compliance
monitoring and delay the closure of SWMU-17 (LAl 2017).

The design volume of injection fluid delivered to each well was similar to the injection volumes utilized
in the first full-scale injection. Each well received approximately 6,000 gallons of electron donor
injection fluid containing 7,060 pounds of molasses. Injection fluid was also amended with yeast
extract to provide micro-nutrients for bacterial growth and ferrous chloride to form iron sulfides in the
aquifer that are beneficial for the abiotic degradation (i.e. reductive elimination) of PCE, TCE, and cDCE
(LAl 2017). A total volume of 30,900 gallons of fluid containing approximately 37,240 pounds of
molasses were injected.

2.2.5 Interim Action Performance Evaluation

IA performance in SWMU-17 has been documented in 16 semiannual and six annual reports to Boeing
and Ecology since the first full-scale electron donor injection was performed in 2011. The most recent
annual report covers all IA activities and results for calendar year 2017, including performance
groundwater monitoring events, data evaluation, and the targeted electron donor injection in
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November 2017 (LAl 2018b). The most recent semiannual report for the site includes data through
November 2018 (LAI 2019). Cumulative data tables with analytical data through the most recent
sampling event in November 2018 are presented in Tables 4 and 5.

Groundwater monitoring results show that anaerobic bioremediation in SWMU-17 continues to be
enhanced, despite declining TOC concentrations. As of the November 2018 sampling event, all wells
were below PCULs for PCE, TCE, cDCE, and VC. Results indicate enhanced aquifer redox conditions and
enhanced reductive dechlorination. Complete reductive dechlorination is occurring, as indicated by
detection of end product ethane at four of the wells monitored in SWMU-17 (LAI 2019).

Another injection is not needed in SWMU-17 at this time. Monitoring event frequency was reduced
from quarterly to semiannually in March 2018 as a result of the substantial progress made in the
treatment of PCE, TCE, and their transformation products. Monitoring results will continue to be used
to evaluate the ongoing treatment resulting from the November 2017 molasses injection (LAl 2018b).
Monitoring will continue in accordance with Section 4.0 of this report.

2.3 SWMU-20

IA in SWMU-20 has consisted of groundwater pump and treat followed by bioremediation for the
treatment of PCE and TCE in groundwater. Anaerobic bioremediation of VOCs like PCE and TCE relies
on reductive dechlorination—the microbiologically mediated process by which these compounds are
reduced to transformation products, cDCE and VC, and non-toxic end products, ethene and ethane.
Micro-organisms gain energy through reductive dechlorination by utilizing PCE, TCE, and
transformation products as electron acceptors and hydrogen gas as an electron donor. Fermentable
substrates like sodium lactate and vegetable oil can serve as indirect electron donors for this process
by stimulating the growth of fermenting micro-organisms that produce hydrogen gas (LAl 2004a). Full-
scale implementation of anaerobic bioremediation through addition of fermentable substrates has
been successful. Treatment methods and performance results are summarized below. The details of
the pump and treat system shutdown and indoor air modeling and sampling are also provided below.

2.3.1 Contaminant Rebound

Following soil and groundwater investigations around the former degreaser location, a groundwater
treatment system was installed to remove chlorinated VOCs from groundwater for source area
treatment and for the prevention of further contaminant migration. The treatment system, consisting
of two extraction wells (E-1 and E-2), and a sieve tray aerating treatment system, operated from Fall
1993 to December 2001 (approximately 8 years). The groundwater treatment system processed
approximately 25,000 gallons of treated water per day, which was discharged to a National Pollution
Discharge Elimination System (NPDES) permitted stormwater outfall. The system was shut down in
December 2001 to allow the groundwater to equilibrate for evaluation of potential rebound and
evaluation of natural attenuation as a remedial alternative to achieve site PCULs (LAl 2004a).

Substantial contaminant concentration rebound was observed within 2 years following the shutdown
of the groundwater treatment system. PCE and TCE rebounded above their preliminary screening
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levels of 9 pg/L and 81 ug/L, respectively, at wells located in the immediate vicinity of the former
degreaser. No preliminary screening level was established for cDCE, but cDCE concentrations
rebounded above 500 pg/L at wells located in the immediate vicinity of the former degreaser. No
rebound of VC was observed (LAl 2004a).

Enhanced reductive dechlorination through electron donor amendment (i.e. bioremediation) was
recommended to address the rebound in VOC concentrations observed following groundwater
treatment system shutdown. This remedial approach was based on the evaluation, which indicated
that the rate of concentration reduction was at least as great for most contaminants of concern under
non-pumping conditions as it was under pumping conditions. In addition, the limited number of
monitoring wells showing significant contaminant rebound after pumping was discontinued indicated
that pumping was not necessary to hydraulically contain the plume. Bioremediation would enhance
the contamination attenuation that was naturally occurring under existing site conditions (LAl 2004a).

2.3.2 Bioremediation

A series of five bioremediation injection events were performed to address contaminant
concentrations near the former degreaser, downgradient, and ultimately at peripheral wells not
affected by the earlier injections. Full-scale bioremediation was implemented without pilot testing.
These injections are described in the following sections.

2.3.2.1 FirstInjection

Two extraction wells (E-1 and E-2) and six monitoring wells (MW-6A, MW-6B, MW-6C, MW-9A,
MW-9B, and MW-9C) were used for the first injection in June 2004. Sodium lactate and vegetable oil
emulsion were mixed with groundwater pumped from extraction wells to form a dilute injection
solution. Extracted groundwater was used for the injection solution to address initial concerns
regarding dilution and/or dispersion of the plume and to avoid the introduction of highly oxygenated
water to the aquifer. Injection and monitoring were performed in accordance with the work plan
(Appendix F; LAl 2004a). A total of approximately 10,000 gallons of injection fluid consisting of 550
gallons of sodium lactate and 257 gallons of vegetable oil emulsion were delivered to the six injection
wells. The injection procedure in the work plan was modified to deliver both electron donor
substrates to all injection wells, rather than three wells receiving sodium lactate only and three wells
receiving vegetable oil emulsion only (LAI 2004b).

Post-injection monitoring results indicated that more reducing redox conditions had been established
and that reductive dechlorination had been enhanced due to this injection. Monitoring results also
indicated that injected electron donor was being rapidly depleted approximately 2 months after
injection and that a second electron donor injection was advisable to maintain elevated TOC
concentrations for continued bioremediation (LAl 2004b).

2.3.2.2 Second Injection

Two extraction wells (E-1 and E-2) and four monitoring wells (MW-6A, MW-6B, MW-9A, and MW-9B)
were used for the second injection in December 2004. All wells received the same volume and
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injection solution. A total of approximately 11,000 gallons of injection solution consisting of

550 gallons of sodium lactate and 514 gallons of vegetable oil mixed with extracted groundwater were
delivered to the four injection wells. The mixture of fast- and slow-release electron donor (i.e. lactate
and vegetable oil) was intended to maximize the extent and longevity of treatment (LAl 2004b).

The second electron donor injection was described in a technical memorandum (memo) evaluating
treatment progress following the first injection (Appendix G; LAl 2004b). This memo anticipated that a
third electron donor injection would be performed 4 to 6 months following the second injection.

2.3.2.3 Third Injection

One monitoring well (MW-14A) and two extraction wells (E-1 and E-2) were used for the third
injection in March 2005. Donor amendment at well MW-14A was intended to extend the treatment
zone downgradient of the source and to treat relatively high concentrations of VC observed at that
well following prior injections nearer the source zone. Approximately 5,600 gallons of injection
solution consisting of 550 gallons of sodium lactate, 257 gallons of vegetable oil, and extracted
groundwater were injected into MW-14A (LAl 2005a).

This third electron injection is described in a February 2005 memo summarizing groundwater and
indoor air modeling results (Appendix H; LAl 2005a); also refer to Section 2.3.3. The memo also
describes the installation of two additional monitoring wells (MW-22A and MW-23A) to monitor the
effects of the third injection and to monitor treatment progress farther downgradient.

2.3.2.4 Fourth Injection

Three monitoring wells (MW-6A, MW-9A, and MW-10A) and two extraction wells (E-1 and E-2) were
used for the fourth injection in August 2008. The objective of this injection was to provide additional
source zone treatment. A total of approximately 15,900 gallons of injection solution consisting of

825 gallons of sodium lactate, 768 gallons of vegetable oil emulsion, and extracted groundwater were
delivered to the three monitoring wells. Each well received approximately 5,300 gallons of injection
solution consisting of 275 gallons of sodium lactate and 256 gallons of vegetable oil emulsion. Details
of the fourth electron donor injection in SWMU-20 are provided in an addendum to the full-scale
bioremediation work plan (Appendix I; LAl 2008b).

2.3.2.5 Fifth Injection

Nine monitoring wells (MW-6A, MW-6B, MW-10C, MW-15C, MW-16A, MW-16C, MW-17A, MW-20C,
and MW-22A) were injected during the fifth injection at SMWU-20 in October and November 2015 to
target residual contaminant mass at source zone wells and additional wells located on the fringes of
the treatment area. Specifically, it targeted wells where TCE concentrations remained above the PCUL
and wells where VC concentrations were greater than 0.5 pg/L. This additional injection was
performed in anticipation of final CULs lower than PCULs (see Section 3.0). Injection activities were
performed in accordance with an addendum to the bioremediation work plan (Appendix J; LAl 2015a).
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Approximately 5,300 gallons of injection solution consisting of potable water from a nearby fire
hydrant and 220 gallons of JRW Wilclear Plus™, a sodium lactate solution with added nutrients, were
delivered to each well. A total of approximately 47,700 gallons of solution consisting of 1,980 gallons
of Wilclear Plus were injected. In contrast to previous injection events, slow release electron donor
substrate (e.g. vegetable oil) was not utilized for the fifth injection event, as was done during previous
injections in order to provide rapid treatment of residual contaminant mass without persistent
elevated TOC concentrations. If TOC concentrations remained elevated after the fifth injection, it
would limit the usefulness of the nine injected wells as monitoring points for closure of SWMU-20 (LAI
2015a).

2.3.3 Indoor Air Evaluation and Sampling

Indoor air evaluations were performed in the vicinity of SWMU-20 to estimate potential human health
risks associated with exposure to indoor air due to VOCs in the underlying shallow groundwater.
These evaluations were performed for Building 9-101, which overlies the source, and Building 9-90,
located hydraulically downgradient of the source (Figure 3).

Various evaluations were performed for both buildings using the Johnson-Ettinger model (Version
3.0). Assumptions and input values for the three evaluations in SWMU-20 were documented in the DC
Evaluation Report (LAI 2004a). The indoor air evaluations for Buildings 9-90 and 9-101 concluded that
the associated risk levels for occupational inhalation of potentially impacted indoor air were at, or
below, the regulatory criteria. Ecology comments were addressed in a memo in August 2005 (LAl
2005b).

VC concentrations in groundwater at MW-14A increased during the October 2004 sampling event,
resulting in further evaluation of indoor air (Appendix H; LAl 2005a). Recognizing that ongoing
SMWU-20 source zone treatment (i.e., bioremediation injections) could result in higher VC
concentrations at downgradient well MW-14A, the Johnson-Ettinger model was run to identify the
threshold average groundwater VC concentration beneath building 9-90. Above this threshold, a
potential would exist for unacceptable risks to human health from inhalation of indoor air. The model
output estimated that the threshold VC groundwater concentration protective of human health was
43 pg/L. Ecology comments to this additional evaluation resulted in indoor air sampling in Building
9-90 (LAI 2005c).

Three indoor air samples were collected in the north portion of Building 9-90 along the estimated axis
of the VOC groundwater plume in order to characterize potential vapor intrusion. A concurrent
ambient air sample was collected outdoors near ground level to establish site-specific background air
concentrations of the VOCs of interest in order to assess possible background contributions to any
indoor air detections. Eight-hour, time-weight average (TWA) samples were collected at all sampling
locations using Summa canisters and analyzed for PCE, TCE, cDCE, and VC using EPA Method TO-15
with selected ion monitoring (SIM). Sampling was performed in accordance with the work plan
(Appendix K; LAI 2005c).
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Low levels of PCE and TCE were detected in all three indoor air samples and in the outdoor ambient
air sample. cDCE and VC were not detected in any samplel. The detected concentrations of corrected?
indoor air results for PCE and TCE were below the MTCA Method B cleanup levels (LAI 2006c).

2.3.4 Reductions in Groundwater Monitoring

Quarterly to semiannual monitoring began in January 1994. After reviewing long-term monitoring
data at SWMU-20 wells, sampling reductions were proposed in April 2010 and again in March 2015.
The 2010 sampling reduction discontinued semiannual monitoring at 11 of the 29 existing SWMU-20
monitoring wells, where VOCs of concern (PCE, TCE, cDCE, and VC) had been below reporting limits
for two years or more. The 11 wells were not abandoned so that they remain available for future
monitoring should that become necessary (LAl 2010b). The 2015 sampling reduction discontinued
semiannual monitoring at nine of the 18 sampled wells3. The nine wells retained for ongoing sampling
were all wells where PCE, TCE, or VC was detected at a concentration of more than half of the PCUL in
May 2014. Continued semiannual monitoring at these nine wells will be used for the foreseeable
future to evaluate ongoing monitored natural attenuation (MNA) in SWMU-20 (LAl 2015b).

2.3.5 Pump and Treat System Decommissioning

The groundwater treatment system in SWMU-20 was decommissioned in June 2014. Ecology agreed
that the treatment system was not likely to be needed in the future due to effective bioremediation
treatment. Decommissioning was generally as described in a decommissioning memo (Appendix L;
LAl 2014). The air stripper was relocated to Boeing’s Queen City Farm Superfund site for reuse.
Submersible pumps were removed from extraction wells and system piping was disconnected and
capped. The treatment building remained at the site for future use or later removal.

2.3.6 Interim Action Performance Evaluation

IA performance in SWMU-20 has been documented in 18 semiannual reports to Boeing and Ecology
since sampling was reduced for the first time in May 2010. The most recent semiannual report for the
site includes data through November 2018 (LAl 2019). Cumulative data tables with analytical data
through the most recent sampling event in November 2018 are presented in Tables 6 and 7.

Groundwater monitoring results indicate concentrations of PCE, TCE, and transformation products
were below the PCULs at all SWMU-20 monitoring wells in November 2018. Results indicate aquifer
redox conditions conducive to continued bioremediation following the fifth electron donor injection in
October and November 2015 (LAl 2019). Additional electron donor injection is not anticipated.

Semiannual monitoring will continue at SWMU-20 to evaluate continued MNA. Monitoring will
continue in accordance with Section 4.0 of this report.

1 The reporting limits for cDCE and VC were below the MTCA Method B cleanup levels.

2 Indoor air results were corrected for ambient air contributions by subtracting the concentration of each analyte detected in
the ambient air sample.

3 The nine wells no longer being sampled were not abandoned.
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3.0 PROPOSED CLEANUP LEVELS

PCULs were developed for the DC in 2013 (LAl 2013). PCULs were proposed for groundwater
contaminants present in AOC-05, SWMU-17, and SWMU-20, and for VOCs in groundwater with the
potential to migrate to indoor air. Cleanup standards were based on ecological and human health risk
specific to site location, hydrogeology, and site use, and were developed in accordance with
Washington Administrative Code (WAC) 173-340-720. The PCUL document is included as Appendix M.

LAl previously proposed that the Boeing Plant 2 Target Media Cleanup Levels (TMCLs), which were
developed by Boeing and approved by the EPA for use at the Boeing Plant 2 facility, be used as
groundwater CULs at the DC. Plant 2 is located 1.25 miles downstream of the DC on the east bank of
the Duwamish Waterway.

The Plant 2 TMCLs were determined to be protective of groundwater beneficial uses including
discharge to fresh and marine surface water, protection of aquatic life, and human ingestion of fish
and shellfish. Drinking water criteria were adopted as TMCLs only for constituents for which there
were no state or federal promulgated surface water criteria and insufficient information to calculate
TMCLs protective of human health and aquatic life. In limited instances, Plant 2 TMCLs were based on
MTCA Method A or background values (LAl 2013).

PCULs based on Plant 2 TMCLs for the VOCs of concern at the DC are as follows:

e PCE

5.3 pg/L
1.4 pg/L
e cDCE = 134 pug/L

e TCE

VC = 2.4 ug/L.

PCULs will continue to be referenced and used for |IA performance evaluation at the DC. However, it is
anticipated that, as part of the remedial investigation and feasibility study process, final CULs will be
established.
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4.0 PERFORMANCE MONITORING

Performance monitoring at the DC is part of the Boeing Regional Groundwater Monitoring Program.
On a quarterly to semiannual basis, 42 monitoring wells at the DC are sampled by LAl for various
contaminants and aquifer redox parameters to monitor treatment progress in AOC-05, SWMU-17, and
SWMU-20. Quarterly sampling at AOC-05 generally occurs in February, May, August, and November.
Semiannual sampling generally occurs in May and November. It is proposed that performance
monitoring for AOC-05 be reduced to semiannual and occur in May and November.

An updated performance monitoring sample matrix is provided in Table 8 and sampling locations are
presented on Figure 4. As of January 2018, samples collected at the DC are sent to Analytical
Resources, Inc. in Tukwila, Washington (LAl 2018c) for one or more of the following analyses:

e VOCs (EPA Method 8260C)

e Short-list VOCs — PCE, TCE, cDCE, VC (EPA Method 8260C)

e Methane, ethene, ethane (EPA RSKSOP-175, modified)

e Acetylene, methane, ethene, ethane (AMEE) (EPA RSKSOP-175, modified)
e TOC (Standard Method 5310C)

e BTEX (EPA Method 8260C)

e TPH-G (Ecology Method NWTPH-G)

e Sulfate (EPA Method 300.0)

e Nitrate, nitrite (EPA Method 300.0)

e Arsenic and copper, total and dissolved (EPA Method 200.8)

In addition to the laboratory analyses listed, field parameters are also recorded for each sample,
including temperature, conductivity, dissolved oxygen, pH, oxidation-reduction potential, and ferrous

iron.

Performance monitoring will continue at the DC as described in this section to evaluate |As. The
frequency, list of analytes, and monitoring wells sampled, etc. will continue to be assessed and any
proposed changes to the performance monitoring plan will be coordinated with Ecology for approval.
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5.0 SCHEDULE

Monitoring and reporting of 1A activities for the Boeing DC will continue, and the need for additional

bioremediation injection events evaluated.

Monitoring will be conducted in accordance with Section 4.0 of this report. Reporting will consistent
of site-wide semiannual groundwater monitoring reports to detail work performed since the previous
semiannual event, present sampling results, and discuss treatment progress. Semiannual reports will
be submitted to Ecology no later than 60 days after the receipt of the previous semiannual sampling
event’s analytical data. One annual report will be submitted for SWMU-17, SWMU 20, and AOC-05 on
May 15 each year.
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6.0 USE OF THIS REPORT

This Interim Action Work Plan document has been prepared for the exclusive use of The Boeing
Company for specific application to the Developmental Center site in Tukwila, Washington. No other
party is entitled to rely on the information, conclusions, and recommendations included in this
document without the express written consent of Landau Associates. Further, the reuse of
information, conclusions, and recommendations provided herein for extensions of the project or for
any other project, without review and authorization by Landau Associates, shall be at the user’s sole
risk. Landau Associates warrants that within the limitations of scope, schedule, and budget, our
services have been provided in a manner consistent with that level of care and skill ordinarily
exercised by members of the profession currently practicing in the same locality under similar
conditions as this project. We make no other warranty, either express or implied.
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than 15-18 psi across the filter housing are indications that the filter needs to be changed. If needed,
filter changes will occur as follows:

1) Open valves on the dual filter housing to direct flow through the other filter and close valves
to isolate the clogged filter.

2) Slowly release pressure in clogged filter housing by partially unscrewing the lid; allow pressure
to dissipate before removing lid.

3) Remove filter for inspection.
4) Install new 10-micron filter.

5) Slightly open inlet and outlet valves to allow filter housing to fill with water to within 3—
4 inches of the top of the housing before tightening the lid back down on the top of the filter
housing to seal the filter assembly.

6) Flow can be diverted to the new filter when the other filter becomes plugged.

Spill control measures will be implemented during injection. The molasses tank, batch tank, bag filter,
and mixing/injection pump will be located within a single secondary containment. A shop vacuum will
be used to collect fluids within the secondary containment and injection fluid that might daylight near
wells. Nearby storm drain manholes will be observed for potential infiltration of mounded
groundwater with injection fluid to storm drain lines. Nearby storm drain catch basins, if any, will be
covered with a foam rubber drain mat.

Groundwater Monitoring

Monitoring will consist of semiannual performance sampling at all 22 SWMU-17 wells. Prior
monitoring included semiannual monitoring at these 22 and also quarterly monitoring at 10 select
wells?. This reduction is appropriate given the progress of treatment since the 2011 injection. A
monitoring matrix specifying the wells to be sampled and the analyses performed is presented in
Table 2.

The same parameters will continue to be measured at each well. Samples from all wells will be
analyzed for target contaminants and breakdown products (PCE, TCE, cDCE, and VC); parameters
indicative of aquifer redox conditions (dissolved oxygen [DO], oxidation-reduction potential [ORP],
nitrate, ferrous iron, and sulfate); and TOC and pH indicative of electron donor. Selected wells will
also continue to be analyzed for methane/ethane/ethene/acetylene; this analysis was added at BDC-
05-04 to be injected in 2017. Metals analysis for total and dissolved copper and arsenic will continue
to be performed at all wells. DO, ORP, ferrous iron, and pH will be measured in the field with other
parameters measured by laboratory analysis by Eurofins or Test America. Depending on monitoring
results, further sampling reduction may be proposed.

2 For prior monitoring program see Table 4 of the original work plan (LAl 2011).
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- 15 R | SAND, trace silt (medium dense, wet) g -
B 3 l IJ b2 24 17.6
: o - 8/12 Colorado sand
pack
20 2-inch diameter, ]
i} Schedule 40, PVC -
screen (0.084-inch
_ slot size)
o5 === Threaded end cap ...
- Boring Completed 06/08/04 Monitoring Well Completed 06/08/04
Total Depth of Boring = 24.7 ft. Total Depth of Monitoring Well = 24,7 ft.
— 30
; 35 ,,:
- 40 ]

Notes: 1. Stratigraphic contacts are based on field interpretations and are approximate.
2. Reference to the text of this report is necessary for a proper understanding of subsurface conditions.
3. Refer to "Soil Classification System and Key" figure for explanation of graphics and symbols.
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Boeing Developmental Center
Tukwila, Washington

Log of Monitoring Well MW-06A

Figure
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Soil Classification System

USCS
MAJOR GRAPHIC LETTER1 TYPICAL
DIVISIONS SYMBOL SYMBOL" DESCRIPTIONS™®
3 Well-graded gravel, gravel/sand mixture(s); little or no fines
GRAVEL AND CLEAN GRAVEL | GwW graded gravet; g (®)
6’ 2 GRAVELLY SOIL (Little or no fines) GP Poorly graded gravel; gravel/sand mixture(s); little or no fines
a £ .g Cogl\_’g?r;g%g :?;/{)a?r:e 4 | GRAVEL WITH FINES ’ GM Silty gravel; gravel/sand/silt mixture(s)
= E 2 on No. 4 sieve) (Appreciable amount of )
5 58 fines) GC Clayey gravel, gravel/sand/clay mixture(s)
=N
OB § Well-graded sand; gravelly sand; little or no fines
e SAND AND CLEAN SAND Sw g grevely
g ﬁf SANDY SOIL (Litte or no fines) SP Poorly graded sand; gravelly sand; little or no fines
5 O
Q § g (More than 50% of ; . i
o= coarse fraction passed | SAND WITH FINES SM Silty sand; sand/sitt mixture(s)
through No. 4 sieve) (Apprecrz#;l:;mount of sC Clayey sand; sand/clay mixture(s)

® ML Inorganic siit and very fine sand; rock flour; silty or clayey fine
483 SILT AND CLAY sand or clayey silt with slight plasticity
O % ; CcL Inorganic clay of low to medium plasticity; gravelly clay; sandy
g ER (Liquid limit less than 50) clay; silty clay; lean clay
% n\i’ k! & OL Organic silt; organic, silty clay of low plasticity
<355 | T ‘ .
?? § g SILT AND CLAY J MH Inorganic silt; micaceous or diatomaceous fine sand
“ZJ g g (Liquid limit greater than 50) /// // CH Inorganic clay of high plasticity; fat clay
o = T T A

2 {:rfrﬁrjr‘rfrf[r{rff OH Organic clay of medium to high plasticity; organic silt

HIGHLY ORGANIC SOIL ™ PT Peat; humus; swamp soil with high organic content
GRAPHIC LETTER
OTHER MATERIALS SYMBOL SYMBOL TYPICAL DESCRIPTIONS
PAVEMENT AC or PC| Asphalt concrete pavement or Portland cement pavement
ROCK RK Rock (See Rock Classification)
AR NI
wWOO0D W WD Wood, lumber, wood chips
DEBRIS O, 0 0 A DB Construction debris, garbage
23 i}

Notes: 1. USCS letter symbols correspond to the symbols used by the Unified Soil Classification System and ASTM classification methods. Dual letter symbols (e.g.,
SP-SM) for a sand or gravel indicate a soil with an estimated 5-15% fines. Multiple letter symbols (e.g., ML/CL) indicate borderline or multiple soil classifications.
2. Soil descriptions are based on the general approach presented in the Standard Practice for Description and Identification of Soils (Visual-Manual Procedure),
as outlined in ASTM D 2488. Where laboratory index testing has been conducted, soil classifications are based on the Standard Test Method for Classification
of Soils for Engineering Purposes, as outlined in ASTM D 2487.
3. Soil description terminology is based on visual estimates (in the absence of laboratory test data) of the percentages of each soil type and is defined as follows:

Primary Constituent:

> 50% - "GRAVEL," "SAND," "SILT," "CLAY " etc.

Secondary Constituents: > 30% and < 50% - "very gravelly," "very sandy," "very silty," etc.
> 16% and < 30% - "gravelly," "sandy," "silty," etc.
Additional Constituents: > 5% and < 15% - "with gravel," "with sand," "with siit," etc.
< 5% - "trace gravel," "trace sand," "trace silt," etc., or not noted.

Drilling and Sampling Key Field and Lab Test Data
SAMPLE NUMBER & INTERVAL SAMPLER TYPE
Code Description Code Description
I Sample Identification Number @  3.25-inch O.D., 2.42-inch |.D. Split Spoon PP=10 Pocket Penetrometer, tsf
| b 2.00-inch O.D., 1.50-inch I.D. Split Spoon TV =05 Torvane, tsf
¢ v Recovery DepthInterval ¢ Shelby Tube PID=100  Photoionization Detector VOC screening, ppm
] d  Grab Sample W=10 Moisture Content, %
1"!% ’ l¢ Sample Depth Interval e  Other - See text if applicable D=120 Dry Density, pcf
— Portion of Sample Retained 1 300-lb Hammer, 30-inch Drop -200 = 60 Material smaller than No. 200 sieve, %
for Archive or Analysis 2 140-b Hammer, 30-inch Drop GS Grain Size - See separate figure for data
3 Pushed AL Atterberg Limits - See separate figure for data
4 Other - See text if applicable GT Other Geotechnical Testing
GTOU ndwater CA Chemical Analysis
Y Approximate water elevation at time of drilling (ATD) or on date noted. Groundwater
ATD levels can fluctuate due to precipitation, seasonal conditions, and other factors.
Boeing Devel tal Cent Figure
O€ing veveiopmental Lenter : i :
LANDAU Tukwila, Washington Soil Classification System and Key 3
ASSOCIATES




TABLE 1

BOEING DEVELOPMENTAL CENTER
SWMU-20 CLEANUP ACTION SUMMARY

Page 1 of 1

Volatile Organic Compounds

Aquifer Redox Conditions

Donor Parameters

Elapsed Time
from Injection (a)] PCE TCE CIS VC Ethene Ethane DO ORP IronIl  Sulfate  Methane pH TOC
Well Date (days) (g/l)  (ugll)  (ug/l)  (ug/l) (ug/l) (ugll) | (mg/l) (mV) (mg/L) (mg/L) (Hg/L) (mg/L) |Notes
06A (b) 06/15/2004 -2 <1.0 1.0 23 4.0 <0.50 <0.50 6.34 -19.6 0.8 58.9 <0.50 6.5 18.8 -
08/23/2004 67 <1.0 <1.0 45 5.9 <0.50 <0.50 0.46 92 3.5 40.7 21 7.0 288 Hazy brown
10/19/2004 124 <1.0 <1.0 2.6 31 <0.50 <0.50 0.70 54 3.0 44.8 530 6.8 80.8 -
06B 05/04/2004 -44 9.5 3.2 10 9.4 <0.50 <0.50 0.36 179 4.5 18.7 130 6.8 25.6 Clear, yellow tint
08/23/2004 67 1.9 1.2 13 2.3 <0.50 <0.50 0.45 115 3.2 33.8 1100 6.9 177 Yellowish brown tint (nearly clear)
10/19/2004 124 <1.0 <1.0 10 3.6 <0.50 <0.50 0.61 217 3.5 14.8 590 6.7 53.6 Yellow tint
06C 05/04/2004 -44 <1.0 <1.0 <1.0 <1.0 <0.50 0.6 0.40 93 5.0 20.7 360 6.7 29.0 -
08/23/2004 67 <1.0 <1.0 1.4 <1.0 5.7 5.9 0.63 95 25 42.7 3100 6.3 1560  |White froth on surface of purge water
10/19/2004 124 <1.0 <1.0 <1.0 <1.0 <0.50 <0.50 2.00 206 3.0 18.1 450 6.3 464 Yellow tint
09A 05/03/2004 -45 150 230 970 37 <0.50 <0.50 0.46 287 1.0 64.2 8.4 6.7 16.2 Clear, yellow tint
08/23/2004 67 <3.0 1 370 150 4.2 <0.50 0.40 143 2.6 51.8 4.7 71 56.8 Clear with black tint, H2S odor
10/19/2004 124 <5.0 19 460 220 2.7 <0.50 0.53 219 4.0 774 17 6.9 19.6 Clear, slightly yellow tint
09B 05/03/2004 -45 <3.0 4.2 250 <3.0 <0.50 <0.50 0.37 269 4.0 61.4 2.7 6.8 20.7 Clear, yellow tint
08/23/2004 67 <5.0 16 530 100 0.76 <0.50 0.34 174 1.4 73.0 23 74 29.7 Clear, yellow brown tint, H2S odor
10/19/2004 124 <5.0 17 300 340 1.4 <0.50 0.30 219 1.0 59.6 29 7.5 243 Clear with yellow color
09C 05/03/2004 -45 <1.0 <1.0 4.0 3.3 1.9 0.7 0.33 229 4.0 19.1 350 6.8 28.5 Clear, yellow tint
08/23/2004 67 <1.0 <1.0 1.7 <1.0 1.1 2.8 0.47 114 2.6 23.2 610 6.7 302 Clear, H2S odor
10/19/2004 124 <1.0 <1.0 <1.0 1.5 1.1 <0.50 0.60 185 3.0 12.2 620 7.0 99.6 Near clear, yellowish tint
10A 05/03/2004 -45 29 27 80 6.4 <0.50 <0.50 0.60 108 2.0 37.8 2.8 6.8 20.0 Clear, yellow tint
08/23/2004 67 14 12 170 4.0 <0.50 <0.50 0.49 181 3.5 38.9 1.1 7.0 59.6 Clear, black tint
10/19/2004 124 15 15 100 23 <0.50 <0.50 0.66 224 4.0 37.8 2.7 7.0 24.0 Clear
14A 05/04/2004 -44 <1.0 <1.0 140 110 <0.50 <0.50 0.53 -8 75 38.9 590 6.8 20.7 Clear, yellow tint
08/23/2004 67 <1.0 29 560 180 0.89 0.67 0.54 162 3.2 30.1 810 6.8 22.6 -
10/19/2004 124 <5.0 39 1200 650 <0.50 <0.50 0.64 69 3.0 433 350 6.9 20.6 -

(a) Injection occurred on 6/17/04.
(b) MW-06A installed June 2004

12/13/2004 \\Edmdata\wproc\025\093\070\SWMU-20 Dec 04 Eval _TM_Tb 1 Data Table
Source: sharedoc/025/093/cleanup action tables/swmu 20_cleanup_action
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APPENDIX H

Technical Memorandum Re: SWMU-20
Groundwater and Indoor Air Modeling
and Recommended Actions



LANDAU
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TECHNICAL MEMORANDUM ENVRONMENTAL | GEOTECHNICAL | NATURAL ESOURCES

TO: Jim Bet, The Boeing Company
FROM: Chip Halbert, P.E. and Clint Jacob, P.E.
DATE: February 23, 2005

RE: SWMU-20 GROUNDWATER AND INDOOR AIR MODELING
AND RECOMMENDED ACTIONS
BOEING DEVELOPMENTAL CENTER
TUKWILA, WASHINGTON

INTRODUCTION

This technical memorandum documents the results of groundwater and indoor air modeling
performed for Solid Waste Management Unit 20 (SWMU-20) at the Boeing Developmental Center in
Tukwila, Washington, to evaluate potential environmental and human health impacts associated with
chlorinated hydrocarbons in groundwater. This technical memorandum also recommends the expansion
of electron donor amendment and installation of two additional monitoring wells. Two injections of
electron donor substrates (sodium lactate and vegetable oil emulsion) were performed at SWMU-20 in
June and December 2004 near a former vapor degreaser that was located near the northwest corner of
Building 9-101 (Figure 1). Electron donor amendment was performed at source area wells MW-6A,
MW-6B, MW-6C, and MW-9A, MW-9B, MW-9C to stimulate enhanced reductive dechlorination of
tetrachloroethene (PCE) and trichloroethene (TCE) and of breakdown products cis-1,2-dichloroethene
(cis-1,2-DCE) and vinyl chloride. Monitoring results indicate that donor amendment has resulted in more
reducing aquifer redox conditions, enhanced reductive dechlorination, and enhanced desorption of
contaminants from aquifer soil within the source zone (Landau Associates 2004a).

Groundwater and indoor air modeling were performed in response to an elevated groundwater
concentration of vinyl chloride that was observed in October 2004 at monitoring well MW-14A. Well
MW-14A is located downgradient of the former degreaser and immediately upgradient of Building 9-90.
Increasing vinyl chloride concentrations at well MW-14A are the result of enhanced reductive
dechlorination within the source zone and subsequent downgradient transport. The October 2004
concentration of vinyl chloride (650 pg/L) represents a maximum for well MW-14A, but is lower than
concentrations historically detected at wells MW-10A, MW-13C, MW-14C, and MW-15C, which range
from 651 to 1,587 pg/L. Groundwater data for total organic carbon (TOC) and aquifer redox parameters

indicate that well MW-14A is outside the active treatment zone created by injection of electron donor

130 2nd Avenue South ¢ Edmonds, WA 98020 e (425) 778-0907 e fax (425) 778-6409 e www.landauinc.com



substrates at the MW-6 and MW-9 source area wells. Monitoring well locations and vinyl chloride

groundwater concentrations for October 2004 are presented on Figure 1.

GROUNDWATER MODELING

Groundwater modeling was performed to estimate the lateral extent to which a vinyl chloride
plume could develop based on the maximum concentration of chlorinated hydrocarbons detected in
monitoring well MW-14A during the most recent (October 2004) groundwater sampling event.
BIOCHLOR Version 2.2, a screening model that simulates the natural attenuation of dissolved solvents in
groundwater, was used to model plume development. The BIOCHLOR model takes into consideration
one-dimensional advection, three-dimensional dispersion, linear adsorption, biotransformation, and
source decay as it simulates expansion and contraction of the dissolved phase plume.

BIOCHLOR is dependent on a number of site-specific and chemical-specific input parameters
and has varying degrees of sensitivity to each of those parameters. Modeling was performed using the
mid-range value for each input parameter; the range of variable parameters is presented in Table 1 for
informational purposes. For the purposes of this evaluation, well MW-14A was modeled as the source of
the plume using the decaying source model function and the maximum concentration measured at
monitoring well MW-14A in October 2004 as the initial source concentration. Site-specific degradation
constants (calculated from historic VOC data from August 1989 to January 1994) were applied to model
source degradation. Based on the BIOCHLOR simulation, the maximum extent of the vinyl chloride
plume, as shown on Figure Al-1 of Attachment 1, is expected to be attained in October 2014, 10 years
after the maximum vinyl chloride concentration was detected at well MW-14A. At its maximum extent,
the 100 pg/L contour of the modeled plume extends approximately 45 ft downgradient of well MW-14A,
the 10 ug/L contour extends 250 ft downgradient, and the 1 pg/L contour is at approximately 590 ft
downgradient. The BIOCHLOR model output (Attachment 1) shows the plume expanding until it
reaches the extent shown on Figure Al-1, then contracting until the plume dissipates completely after
approximately 100 years as a result of natural biotransformation processes. This plume model accounts
for naturally occurring biotransformation processes, but does not account for accelerated degradation

expected to result from the recommended expansion of electron donor amendment.

INDOOR AIR MODELING

An indoor air evaluation based on the Johnson-Ettinger model was performed in March 2004
(Landau Associates 2004b) to estimate potential risks to human health based on occupational inhalation

of indoor air in Buildings 9-101 and 9-90 that could be impacted by the volatilization of chlorinated
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hydrocarbons from the SWMU-20 groundwater plume. The evaluation for buildings 9-90 and 9-101,
which were based on conservative (i.e., high concentrations) assumptions about the extent of the plume
beneath those buildings (assumptions documented in the referenced report), resulted in the conclusion that
the associated risk levels were at, or below, the regulatory criteria. Due to the increase in vinyl chloride
concentrations in monitoring well MW-14A during the October 2004 sampling event, the indoor air
evaluation for Building 9-90 was revisited to determine whether the increase in groundwater
concentrations warrants further investigation by indoor air sampling.

Recognizing that ongoing SWMU-20 source zone treatment could result in higher vinyl chloride
concentrations at downgradient well MW-14A, the Johnson-Ettinger model was conducted to identify the
threshold average groundwater concentration beneath Building 9-90, above which a potential exists for
unacceptable risks to human health via inhalation of indoor air. Johnson-Ettinger model output
(Attachment 2) estimated that the threshold vinyl chloride groundwater concentration protective of human
health is 43 pg/L.

The results of the BIOCHLOR groundwater modeling described above were used to estimate the
average concentration of vinyl chloride beneath Building 9-90. Based on the plume contour presented on
Figure Al-1, approximately 2 percent of building footprint overlies plume concentrations between 100
and 650 pg/L (average 375 pg/L); approximately 20 percent overlies plume concentrations between 10
and 100 pg/L (average 55 pg/L); approximately 45 percent overlies plume concentrations between 1 and
10 ug/L (average 5.5 pg/L); and approximately 33 percent overlies concentrations less than 1 pg/L
(average 0.5 pg/L). The corresponding weighted average vinyl chloride concentration beneath Building
9-90 is 21 pg/L, which is less than half of the 43 ng/L threshold concentration protective of human health
via indoor air inhalation. Use of the weighted average vinyl chloride concentration in groundwater
beneath the entire building is a standard approach that accounts for circulation of indoor air resulting from
operation of the building’s ventilation system.

Based on this evaluation, confirmation sampling of indoor air is not warranted at the present time.
We recommend that any additional increases in the groundwater concentrations of vinyl chloride at well
MW-14A be used to estimate a new weighted average concentration beneath Building 9-90 for
comparison to the 43 pg/L threshold value. This evaluation will be performed on a quarterly basis as

quarterly monitoring data become available.

RECOMMENDED EXPANSION OF ELECTRON DONOR AMENDMENT

We recommend injection of electron donor substrates at well MW-14A to establish an active

treatment zone downgradient of the source zone. Donor amendment at well MW-14A will supplement
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the donor amendment occurring within the source zone (wells MW-6 and MW-9) and will provide
treatment for TCE and breakdown products cis-1,2-DCE and vinyl chloride that are transported beyond
the source zone treatment area. Groundwater data for downgradient well MW-14A (Landau Associates
2004a) shows transport of TCE to that well resulting from enhanced desorption within the source zone
and transport of breakdown products cis-1,2-DCE and vinyl chloride created through enhanced reductive
dechlorination within the source zone. Monitoring results at MW-14A indicate that redox parameters and
TOC concentrations have remained near background at that well following electron donor injection in the
source zone. These background conditions are only marginally conducive to complete reductive
dechlorination, although complete dechlorination has occurred to a limited degree, as evidenced by
detections of end products ethene and ethane at MW-14A in August 2004.

We propose to inject sodium lactate and oil emulsion electron donor substrates at well MW-14A
to create the downgradient treatment zone. Following the basic procedures outlined in the work plan
(Landau Associates 2004b), approximately 4,750 gallons of groundwater, 550 gallons of sodium lactate,
and 257 gallons of vegetable oil emulsion will be mixed in a temporary tank for injection to well
MW-14A. Consistent with the two source zone injection events performed in June and December 2004,
groundwater for mixing the injection solution will be obtained from extraction wells E1 and E2. We
anticipate this injection will take place the week of March 14, 2005.

It is anticipated that a third injection of donor substrates may be performed at source zone wells
MW-6 and MW-9, and at downgradient well MW-14A in or around April to June 2005. The actual

timing of the third injection will be based on quarterly monitoring results.

ADDITIONAL MONITORING WELLS

We recommend installation of two additional A-Horizon monitoring wells. We propose to
construct monitoring well MW-22A on the north side of Building 9-90, between the MW-14 wells and
the MW-19 wells, to monitor the effects of electron donor injection at well MW-14A. We propose to
construct monitoring well MW-23A near the northwest corner of Building 9-90 to provide a far-
downgradient monitoring point. Wells will be constructed of threaded 2-inch diameter schedule PVC
casing and screen. The screen (0.010-in slot size) will extend from 10 to 20 ft below ground surface
(BGS), and a sandpack consisting of 10/20 sand will extend from 8 to 20 ft BGS. An annular seal will be
constructed of hydrated bentonite chips from 1.5 to 8 ft BGS, and the well will be completed with a flush-
mount monument. Wells will be developed by surging with a stainless-steel bailer and overpumping with
a centrifugal pump. We anticipate that monitoring well construction and development will take place the
week of March 14, 2005.
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TABLE 1
BIOCHLOR MODEL INPUT PARAMETERS

Input Parameters Minimum 1* Quartile Mid-Range 3" Quartile Maximum ___ Source of Data
Hydraulic conductivity (K, cm/s) 0.038 0.04 0.042 0.044 0.046 Corrective Action Summary Report (Landau Associates 2002)
Hydraulic gradient (i, ft/ft) 0.0004 0.0005 0.0006 0.0007 0.0008 Corrective Action Summary Report (Landau Associates 2002)
Effective porosity (n, unitless) - - 0.25 - - Corrective Action Summary Report (Landau Associates 2002)
Longitudinal dispersivity (o, unitless) 70 57.5 45 325 20 Refer to Note 2.
Transverse dispersivity ratio (o,,/aL, unitless) - - 0.1 - - BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
Vertical dispersivity ratio (o.,/0., unitless) -- -- 1E-99 -- -- BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
Soil bulk density (p, kg/L) - - 1.7 - - BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
Fraction organic carbon (f,c, unitless) 0.0015 0.00119 0.00088 0.0006 0.00025 SWMU-17, SWMU-20, and AOC-05 Evaluation Report (Landau Associates 2004b)
Organic carbon partition coefficient (Ko, L/kg)
PCE -- -- 426 -- -- BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
TCE -- -- 130 -- -- BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
DCE -- -- 125 -- -- BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
VC -- -- 29.6 -- -- BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
First order decay coefficient (A, yr™)
PCE 2.4 2.00 1.60 1.20 0.8 BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
TCE 2.4 1.88 1.35 0.83 0.3 BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
DCE 2.2 1.68 1.15 0.63 0.1 BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
VC 4.9 3.78 2.65 1.53 0.4 BIOCHLOR User's Manual (EPA 2000) / BIOCHLOR Version 2.2 (EPA 2000)
Simulation time (yr) - - variable - - Refer to Note 3.
Modeled area width (ft) - - variable - - Refer to Note 4.
Modeled area length (ft) - - 800 - - Refer to Note 5.
Source thickness in saturated zone (ft) - - 27 - - Refer to Note 6.
Source width in saturated zone (ft) - - 25 - - Refer to Note 7.
Source decay rate constant (Ks, yr'l) -- -- 0.0732 -- -- Refer to Note 8.
Source concentration (mg/L)
PCE - - ND - - Refer to Note 9.
TCE - - 0.039 - - Refer to Note 9.
DCE - - 1.2 - - Refer to Note 9.
\Ye - - 0.65 - - Refer to Note 9.
Notes:

1. The minimum/maximum range is established based on impact to plume size, not numerical value. In other words, the "minimum" value may sometimes be numerically greater than the "maximum" value;
however, it will result in a smaller size of contaminant plume based on the BIOCHLOR model

2. The longitudinal dispersivity coefficient is assumed to be 10 percent of the estimated plume length as per the BIOCHLOR User's Manual (EPA 2000). The minimum range for estimated plume length was
identified based on data presented for vinyl chloride in the BIOCHLOR Chlorinated Solvent Plume Database Report (AFCEE 2000); the maximum range was established as the distance from the source
area to the Duwamish Waterway.

3. The simulation time was evaluated over a range of years to model the maximum extent of the plume. Based on the range of simulations identified above, the maximum extent of the plume is expected to
be achieved within 4 to 10 years of the release.

4. Modeled area width was selected to include the outer boundary of vinyl chloride concentrations greater than or equal to 1 pg/L.

5. Modeled area length was selected to include the area extending from the source to the Duwamish Waterway.

6. Source thickness is based on apparent impacts to A and B horizons in October 2004 sampling data. The A and B horizons are assumed to constitute two-thirds of the shallow unconfined aquifer described
in the Corrective Action Summary Report (Landau Associates 2002).

7. Source width is assumed based on available data regarding the original source area and the existing data showing a narrow plume.

8. Source decay rate constant for chlorinated solvents calculated as described in the BIOCHLOR User's Manual Addendum (NRMRL 2002) is based on source area data from monitoring well MW-09A
collected August 1989 to January 1994.

9. Although the historical source area is understood to be beneath the northwest corner of Building 9-101, the greatest concentrations of chlorinated solvents were detected in monitoring well MW-14A during the
October 2004 groundwater monitoring event. Source concentrations are assumed to be those concentrations present at monitoring well MW-14A.
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ATTACHMENT 1

Biochlor Model Output
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BIOCHLOR Natural Attenuation Decision Support System [ V Boemg ]Data Input Instructions:
Version 2.2 Developmental Center 115 »1. Enter value directly....or
Excel 2000 Run Name AN or . 2. Calculate by filling in gray
TYPE OF CHLORINATED SOLVENT: Ethenes ® 5. GENERAL cells. Press Enter, then @
Ethanes O Simulation Time* (To restore formulas, hit "Restore Formulas” button )
1. ADVECTION Modeled Area Width* Variable*—» Data used directly in model.
Seepage Velocity* Vs 104.3 (ftryr) Modeled Area Length* Test if - \
or ' Zone 1 Length* Biotransformatio_qé ‘1 r;i::;e:i:ttir;utanor: |
Zone 2 Length* is Occurring ‘ g Frotoco J

Hydraulic Conductivity
Hydraulic Gradient

Effective Porosity 6. SOURCE DATA

2. DIsP ERS’ON ( Source Options J
Alpha‘x* e (
(Alpha y) / (Alpha x) -)
(Alpha z) 7 (Alpha x)* 1. E 99 |(-).. Y1
3. ADSORPTION ‘ - Width* (ft)
Retardation Factor® e R
or { Conc. (mg/L)* C1
Soil Bulk Density, rho (kg/L) PCE
FractionOrganicCarbon, foc v TCE .039
Partition Coefficient DCE 1.2
PCE vC .65
TCE ETH
DCE

TYPE: Decaying

Source Thickness in Sat. Zone* (ft)

~Vertical Plane Source: Determine Source Well
/ Location and Input Solvent Concentrations

Single Planar

View of Plume Looking Down

Observed Centerline Conc. at Monitoring Wells

VC 7. FIELD DATA FOR COMPARISON
TH: 1PCE Conc. (mg/L)
- ITCE:Conc..(mg/L) - .039
~|DCEConc. (mg/L) 1.2
Zone 1 - o [vCConc. (mg/L) 0.7
PCE’*.;.;. TCE T« " |ETH Conc. (mg/L)
TCE ~3 DCE L ~|Distance from Source(ft) | 0
DCE -# VC < Date Data Collected
vC % ETH < 8. CHOOSE TYPE OF OUTPUT TO SEE
Zone2 — 1 __—> . Ay . ) "h Restore
PCE -» TCE 0.000 | € - Formulas
~ TCE —» DCE 0.000 | € I
 DCE~» VC [ 0000 | € | Paste
VC ~» ETH 0.000 | € ) _Example




Start Here ——» O PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME @) TCE
Transverse = O DCE
Distance (ft) Distance from Source (ft) , ® VC
LT o 80 160 240 320 400 480 560 640 720 800 O  ETH

~ 80[[ 0.000 0.001 0.003 0.003 0.002 0.001 0.001 0.000 0.000 0.000 0.000 Show No

40| 0.000 0.021 0.014 0.008 0.004 0.002 0.001 0.001 0.000 0.000 0.000 ( ! )
0.313 0.060 0.024 0.011 0.005 0.003 0.001 0.001 0.000 0.000 0.000 Degradation
0.000 0.021 0.014 0.008 0.004 0.002 0.001 0.001 0.000 0.000 0.000
0.001

2.0E+1

7 Show
'} Biotransformation

Concentration (mg/L) ‘

(mg/day) || Time:

: [ Plot All Data

Displayed Compound

Displayed Model: |[Biotransformation

u Ve u

Pluass Order-of-Magnitude Accurac

Compare to Pump.and Treat

+80.9%

,:(MassHELP J[ To Centerline J ( Return to Input j




Start Here —» O PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME O TCE
Transverse O DCE
Distance (ft) Distance from Source (ft) ® vC
[ o 80 | 160 240 320 400 480 560 640 720 800 O  ETH
- 100 0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 Show No
50| 0.000 0.012 0.010 0.006 0.003 0.002 0.001 0.001 0.000 0.000 0.000 L : J
0o 0313 0.060 0.024 0.011 0.005 0.003 0.001 0.001 0.000 0.000 0.000 Degradation
0.000 0.012 0.010 0.006 0.003 0.002 0.001 0.001 0.000 10.000 0.000 |~ Show W
=== * Biotransformation |
RATE [ T ‘ PR i ' Displayed Compound
(mgiday) | Timef 10 |iyr " Target Level: mg/L Displayed Model: |[Biotransformation I vC I

Plume Mass Order-of-Magnitude Accurac

See
Gallons

Concentration (mg/L)

Compare to Pump and Treat

080 160 540
7 240 320 400 459 550 s o0
L : s

Distance from Source (ft.)

[ Mass HELP J [ To Centerline ][ Return to input ]

[ Plot All Data ] [ Plot Data > Target J .




Start Here —» O PCE

DISSOLVED SOLVENT CONCENTRATIONS IN PLUME O TCE
Transverse R O DCE
Distance (ft) : o Distance from Source (ft) ® Ve
T o 80 160 240 320 400 480 560 640 720 800 O  ETH
120 0.000 0.000 0.000 0.000 0.000 0.000 0.000 Show No
0.003 0.002 0.001 0.000 0.000 0.000 0.000 [ Dearadati J
0.005 0.003 0.001 0.001 0.000 0.000 0.000 | egradation
0.001 : :
} Show

Biotransformation

’ Displayed COmpouhd
- Target Level: 0.002 limg/L Displayed Model: |[Biotransformation I VC i

Plume Mass (Order-of-Magnitude Accurac

See
Gallons

-120

Concentration (mg/L)

Distance frdm"Source, (ft.)

[ Mass HELP } [ To Centerline J[ Return to Input J

[ Plot All Data ][ Plot Data > Target J




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

80 160 240 320 400 480 560 640 720 800
0.124 0.021 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.086 0.012 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Monitoring Well Locations (ft)
0 ;
__ Field Data from Site] 0.650
e N O Degradation/Production = Sequential 1st Order Decay it Field Data from Site
T Y
| See PCE |
S See TCE D
See DCE
S— VT ; , l , , ; ' SeeETH |
0 100 200 300 400 500 600 700 800 900
Distance From Source (ft.)
 Time: o
{ 1.0 Years [] e : R :
Replay o L i , eturn to ToAl || ToArray
Log ;<):>Llnear ST , Input




| DISSOLVED CHLORINATED SOLVE,NT‘CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

; Distance from Source (ft)
0 80 160 240 320 400 480 560 640 720 800

0.561 0.172 0.074 0.023 0.004 0.001 0.000 0.000 0.000 0.000 0.000
0.5615 0.102 0.031 0.008 0.001 0.000 0.000 0.000 0.000 0.000 0.000

Monitoring Well Locations (ft)

; : 0.
ata from Site| 0.650

" e N o Degradation/Production —Séqhential 1st Order Decay it Field Data from Site

See PCE

i

[ seeTce |

See DCE

i

| seevec

See ETH

Concentration

0 100 200 300 400 500 600 700 800 900
 'Distance From Source (ft.)

Time: .

So || 2.0 Years “ g

<‘f_.fLog‘<;—_—‘ij>Linéar« , |

' : Return to
‘ Input J ‘ To All J( To Array J

AN




| DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

0 80 160 240 320 400 480 560 640 720 800
gradatic 0.522 0.182 0.104 0.052 0.020 0.006 0.001 0.000 0.000 0.000 0.000
-ansformation| 0.5218 0.099 0.036 0.013 0.004 0.001 0.000 0.000 0.000 0.000 0.000

Monitoring Well Locations (ft)

0

Fieldﬁ‘D’a:afa;frorﬁééQSit'é‘: 0.650

- e No Degradation/Production === Sequential 1st Order Decay it Field Data from Site

See PCE

\______J
See TCE

See DCE

See vC

, - . . vt , e i " SeeETH
0 100 - 200 300 400 500 600 700 800 900

Distance From Source (ft.)

Time:

Replay

|| 3.0 Years I o Ret 2
e = ) eI urn to To Al | ToAmay |
,:,.og <;__—__;>L|near ) nput : : ;




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

0 80 160 240 320 400 480 560 640 720 800
0.485 0.179 0.118 0.074 0.040 0.018 0.006 0.002 0.000 0.000 0.000
0.4850 0.093 0.036 0.015 0.006 0.002 0.001 0.000 0.000 0.000 0.000
Monitoring Well Locations (ft) ‘
0 S
0.650
== No Degradation/Production = Sequential 1st Order Decay H Field Data from Site

Replay

400

200 300 500 600 700 800
Distance From Source (ft.)
Tim'e
e || ; 4.0 Years ]I f Return to
LOg : ::::: I Ineal’ Input

900

See PCE

See TCE

See DCE

See VC

See ETH

i




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

VC 0 80 160 - 240 320 400 480 560 640 720 800
" No. Degradatlon 0.451 0.171 0.121 0.087 0.057 0.032 0.015 0.006 0.002 0.000 0.000
Blotransformatlon 0.4508 0.087 0.034 0.015 0.007 0.003 0.001 0.000 0.000 0.000 0.000
Monitoring Well Locations (ft)
; 0
_ Field Data from Site| 0.650
hrnnd N o} 'Degradétion/Production ' \ == Sequential 1st Order Decay it Field Data from Site

See PCE

See TCE

See DCE

See vC

e e e — P | SeeETH
0 100 200 300 400 500 600 700 800 900

o

Distance From Source (ft.)

~Time:

{—og <—=Linear ] Input |

. fo 5.0 Years I ' ‘ ‘
{ Replay l L ; ( Return to f ( To Al ’ [ To Array [



DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance frem Source (ft)

VC 0 80 160" 240 320 400 480 560 640 720 800
“No Deg radagibn 0.419 0.162 0.120 0.093 0.069 0.046 0.027 0.014 0.006 0.002 0.001
Biotransformation| 0.4190 0.081 0.032 0.014 0.007 0.003 0.001 0.001 0.000 0.000 0.000

Monitoring Well Locations (ft)
' -—Sequential 1st Order Decay i Field Data from Site

: A 6.0 Yoars |-
'og <j._—._.(>L|near ‘

Time:

Distance From Source (ft.)

Return to
Input

900

3

See PCE

‘ See TCE

See DCE

See VC

See ETH




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

80 160 240 320 400 480 560 640 720 800
0.152 0.115 0.095 0.076 0.056 0.038 0.023 0.012 0.005 0.002
0.075 0.030 0.013 0.006 0.003 0.001 0.001 0.000 0.000 0.000

Monitoring Well Locations (ft)

——No Degradation/Production = Sequential 1st Order Decay i Field Data from Site

o [ seepee |
1”.;'flIEHHEEEI'

| SeeETH |

500 600 700 800 900

- Distance From Source (ft.)

: _ Time: , ~ : o .
| 7.0 Years | k * ] B
) - |Log-<—>linear ' o ‘ nput ]



DISSOLVED CHLORINATED’SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

80

o :
o
5 06
E
c

Replay

 Time:

Distance From Source (ft.)

" 8.0 Years ||

|

Return to
Input

160 240 320 400 480 560 640 720 800
0.142 0.110 0.093 0.078 0.063 0.047 0.032 0.020 0.011 0.005
0.070 0.027 0.012 0.006 0.003 0.001 0.001 0.000 0.000 0.000
‘ Monitoring Well Locations (ft) b
- 0.
_Field Data from Site| 0.650
N O Degfadation/Producﬂoh = Sequential 1st Order Decay iz Field Data from Site

See PCE

See TCE

See DCE

See VC

See ETH

2

=S




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

o , ‘Distance from Source:(ft) ,
vC ~ 0 80 - 160 | 240 | 320 400 480 560 640 720 800

oDegradation| 0336 | 0133 | 0104 | 0090 | 0079 | 0067 | 0054 | 0.040 | 0028 | 0017 | 0.010

Biot 0.3364 0.065 0.026 0.012 0.006 0.003 0.001 0.001 0.000 0.000 0.000

nsfbrmat n|
' Monitoring Well Locations (ft)

__ Field Data from Site| 0650 _

e N O Degfadafid‘h/PrbduCtion - ==Sequential 1st Order Decay it Field Data from Site
See PCE

See TCE

See DCE

See VvC

806040 Ol 500 [ SeeETH

o 100 200 300 400 500 600 700 800 900

: Distance From Source (ft.)

~ Time:

|| 9.0 Yoars " E

Log <;::>L|near

i Return to . k o
’ Input | ’ To All Jt To Array 1 ~




DISSOLVED CHLORINATED SOLVENT CONCENTRATIONS ALONG PLUME CENTERLINE (mg/L) at Z=0

Distance from Source (ft)

VC o | 8 | 160 240 320 400 480 560 | 640 | .720 | 800
_No Degradation| 0.313 0.124 0.097 0.086 0.077 0.068 0.058 0.047 0.035 0.024 0.015
_ Biotransformation| 0.3126 0.060 0.024 0.011 0.005 0.003 0.001 0.001 0.000 0.000 0.000

Monitoring Well Locations (ft)

; 0
Data from Site| 0.650

. s— N O Degradatioh/Productidn ===Sequential 1st Order Decay it Field Data from Site
0.70 [ seepce |
0.60 -
05505__ See TCE

.| SeeDCE

See vC

See ETH

Concentration (mglL)

0 100 200 300 400 500 600 700 800 900

Distance From Source (ft.)

( . Time: o _ :
|| 100 Years | : ' '
, e ’ Return to ’ To All : To Array

fLog <';::;>L|near e ‘ ; Input y
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