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SECTION 1
INTRODUCTION

Vapor intrusion (V1) is the migration of volatile chemicals from the sulbserinto the indoor air

(IA) of buildings aboveThis document was developed as a resource for personnel at the Lockheed
Martin Corporation (Lockheed Martin) Middle River Complex (MRC) to help manage known
vapor intrusion pathways, and/or investigate ys&nown vapor intrusion pathways at the site that
may adversely affect facility indoor air. Vapor intrusion should be evaluated as a potential human
exposure pathway whenever volatile chemicals are in underbgihgsoil gas, ogroundwater

near existing structures and/or buildings planned for construction. The following sections will
introduce vapointrusion concepts and briefly summarize vaparusion issues at the Middle

River Complex.

1.1 VAPOR INTRUSION CONCEPTS

Volatile chemicals can readily evaporateder typical environmental conditions. Trislatility

can result in theimigration from contaminated groundwater or soil through unsaturated soil into
the indoor air of buildings near zones of subsurface contamination. The United States
Environmental PotectionAgency (USEPA) defines a chemical as volatile if its vapor pressure is
greater than one millimeter of mercury (mm Hg), or if its Henry’'s Law constant 16°1 u

atmosphereubicmeters per moleafmm?®mol) or greater (USEP/A015a). --
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chemicals should be included in any vapor intrusion investigation or program if they are known or
reasonably assumed to have been used eagsetl at a site. Typically, the potential for vapor

intrusion is evaluated during a site investigation.

Potentially applicable responses to vapor intrusion into existing buildings include passive or active
ventilation systems, floor .1 (1)-1.9 4 (bl)-22amial<petcagbreimotsion in future structures should

be addressed during design; any necessary measures to reduce vapor intrusion, including those
associateavith construction, should be included in the design. A typical approach for assessing
risks posd by a possible vapantrusion pathway, including its mitigation and remediation, is

summarized below:

Evaluate whether exposure to vapors poses an acute (immediate) risk to building occuphrgs:

can include both acute health risks and, in extreme cases, thecklmiistion oexplosion. For

acute risks, field instruments will be usamd results will be compared to federal Occupational
Safety and Health Administration (OSHA) shtatm and ceiling exposure levels (seet®n3.1

for a description of steps to manage acute risks). Although these levels are used to regulate worker
exposure to chemicals in use at a facility, they can also be used to estimate potential acute health
risks. If acute risks from vapor intrusion are identified, the affeated will be evacuated until

the risks have been mitigated. If no acute risks are identified, a scréev@hgaporintrusion
evaluation may be conducted. The threat of an acutduisko vapor intrusioat the Middle River
Complex is unlikely, based on historical contamination and the high degree of investagation
remediationrcompleted to date. Concentrations of trichloroethene in indoowairthe course of

the investigatiorhave exceeded screening levels

8588 Tetra Tech ¢ Lockheed Martin, Middle River Complex ¢
2019 Vapor Intrusion Management Plan
May 2019 Page 1-2



or more affected environmental media exceed-bessed screening values, then an indoor air
investigation might be necessary.

Conduct a sitespecifc vaporintrusion pathway evaluationSite-specific dataincluding subslab
soil vapor and/or indoor air samples
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former screening level§,700 pg/n); since then, the United States Environmental Protection
Agency has withdrawn the toxicity factors for eiandtrans-dichloroethengand nocurrently
applicable screenings legare availabldor these compounds.

Results fom the first three monitoringounds led the project team to recommend mitigation for
locations where chemicals in sslab vapor were detected at concentrations abovebaisée
screening levels. In response, two sldbvapor mitigation systems were designed and installed:
one beneath the Buildiny former plating shop, and one beneath the southern end of the
Building C basement, with full system startup on MaBdh2008. The project team also
recommended addihal indoorair and sukslab vapor sampling to address ttamalytical

variability identified during subsequent rounds of monitoring.

To date, appropriate response actions have been implemented at the site to mitigate these potential
health risks. Among thesactionswere the installation of suflab depressurization systems
(SSDS) in areas of Buildings and C with elevated stdlabvapor concentrations, and periodic
subslab and indoeair monitoring rounds. The suddab depressurization systeedract \apor

from the subslab area, reducing the pressure driving vapors into indoor spaces. The recovered

vapor is treatedand the clean air is discharged to the atmospldthough some vapors are
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assumptions for industrialavkers. These analyses indicttat most volatile organic compounds
detected in indoor air sample®grobably noassociated with sublabvapor intrusion, because
they were detected either at concentratless than screening levelsnot at all in sulslab vapor.

After the initial installation of the sulabvapor mitigation systems in Building, three additional

upgrades werenstalled

X In Octdoer2010, the sulslab depressurization system in Buildidgvas expanded to
address elevated concentrations of-slatb volatile organic compounds detected beneath
the middle area of th®&uilding A basement. During this firgthase expansion, two
horizontl vaporextraction trenches were installed, and the w®wisting 200pound
granular activategarbon(GAC) drums that removed volatddrom systenexhaust gases
were replaced with two €50pound drums.

x In January2015, three standlone indoosair filters were installed in the southeastern
corner of theBuilding A basement. These filters operate continuously to address
intermittent trichloroethene concentrations above the indw@creening level.

X A secondphase system expansion was installeBuitding A in February2016to address
areas alonghe building’'seastern side, where elevated concentrations of volatile organic
compounds were detected in the sldb in 2014 and 201%he system now includes two
parallel trains of two 40Poundgranular actiatedcarbondrums. The additional drums
were added to reduce the number of changeouts needed for the expanded system and to
relieve backpressure that malgaveled to blower failureissues after the secompthase
expansion.

x In May 2017, three additionalirgourifying filters were installed in the Building
basemenas an interim measure to target floor feateeg, drains andsump$ that hal
shown elevated trichloroetheneoncentrationsA continuous akmonitoring survey
identified significant sourcesf indoor air contamination in the basement at sumps
associatedvith former heater roomsin the summer of 2017, a closeuicuit television
(CCTV) camera survewf floor features conducted in Buildigbasement determined
that the underground network ofloor drains, pipes, and manholes/sumps are
interconnectedh some circumstances

x As part of the 2017 thirghaseexpansionpone vertical vaporextraction pointand one
vapormonitoring point (VMP) were installed idune2017,a secondnoisture separator
was added to the system’s equipment skid, and the system’s extraction piping was extended
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in the basement to extract vapor from sump HIR&d other tdve-determined sumps or
extraction points

Following the startup of the sigbab depressurization systemthe southern end of tiBuilding C
basementsubsequent monitoring of the Buildirg) basement identified an area beneath the east
central part of the basement wi#thbslabvapor contamination. This contamination is believed to
be associated with theorimer Patriot missile canister plating, painting, and manufacturing
operation. With the identification of this contamination, the slab- depressurization system in
Building C was expanded.

X The firstphase expansion of the sslab depressurization systewas completed in
October2012 to address the middle area of the Buildingasement and to continue to
address the southern portion of the basement. Thepheste expansion installed four
additional vapoextraction wells, replaced the granular actdatarbon drums with larger
vessels (and updatealssociated piping, fittings, and appurtenandes) removal of
trichloroethene and other volatile organic vamd installed one potassium permanganate
zeolite (PPZ) drunfior removal of vinyl chloride vapor

X The secongphase system expansjaompleted in May013,more thoroughly addresd
sampling results obtained over time from the middle area of BuildibhgsementFive
additional vapoextraction wellsvere installedthe system equipment skichsreplaced
and relocateda heat exchanger and pbstatexchanger moisture separatesis addeda
mist-eliminator pad was installed in the exhaust stack, and the vapor treatment drums were
relocated to the approved indoor location.

Periodic combined rounds aidoorair and sukslab vapor monitoring continue to investigate
possible sources of stdbab vapor, evaluate the performance of thesab depressurization
systems, and provide ongoing gationof worker health and safety with respect to possible vapor
intrusion. The current monitoring program includes sampling twice annually, targeting both winter

(February) and summer (August) conditions.
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SECTION 2
SCREENING LEVELS,
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mitigation might be needed or can be discontinued. Trigger levels are intended to be aised as

guide to determine:

x whether additional indoor air (IA) and sstab vapor (SV) monitoring areeeded

X
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Risk Characterization

The decision matrix in
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trigger levels, decisions regarding stopping the S8Dmodifying active and passive mitigation
methods can be made. Cessation may be warranted, because, as stated earlieeviigger |

incorporate conservative safety factors.

2.3 SSD SYSTEM SHUTDOWN

Once an SSDS has reduced SV contaminant concentrations below the previously discussed SV
trigger levels, Lockheed Martin can evaluate SSDS shutdown. To be eligible for shutdown, a
system bould demonstrate consistent reduction of SV and IA contaminant concentrations within
its radius of influence. SV contaminant concentrations must remain below the trigger levels for at
least one yeaof for two consecutive seamnual sampling rounds) before system shutdown can

be considered. After system shutdown, rebound testing will check SV concentrations and compare
them to historical elevated SV concentrations and to trigger levels equal to @d@&Mercial

Tier 1 Soil Vapot screening levels (MDE, 2012). A reboutesting plan will be submitted to
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SECTION 3
MANAGEMENT OF POSSIBLE
VAPOR INTRUSION RISKS

If calculated health risks associated with exposurevajzor intrusion (VI) from chemicals of
concern (COC) exceed target risk levels, that risk must be appropriatedygeth Early planning

will assist site management to make informed decisions. To manage posdiisle YHe results

of indoor air (IA) and sulslabvapor (SV)investigations are integted with other considerations

to identify the need for mitigation, meedial action, or other riskeduction activities. Additional
factors, such as regulatory requirements, technical implementability, potential liability, and

employee/tenant acceptance must also be considered when making risk management decisions.

This sedbn addresses management of acute and chronic risks associated with exposure to volatile
organic compounds/QOCs) due tovapor intrusionThe section also addresses increased soil vapor
concentrations resulting from sgkab depressurization syste®S05)shutdownsdue to power
failures or mechanical problenmSvents triggeng thecommunication of risks and investigation
results tobuilding occupants, management, and regulatory ageameslso discusseéinally,

this section provides exit strategite SSDS shutdown or for terminating the VI monitoring

program.
As discussed in this section,
X Remediatiomefers to the treatment, removal, and reduction in contaminastat a site.

X Mitigation means taking measures to minimize or reduce contaminaos@gdue to

current site conditions

Mitigation, by itself, usually does not directly affect the contaminant source area. The Middle
River Complex (MRC) sulstab depressurization (SSD) and treatment system is a mitigation

measure. This was demonstrated b

8588 Tetra Tech « Lockheed M artin, Middle River Complex ¢
2019 Vapor Intrusion Management Plan
May 2019 Page 3-1



subslab after the planned shutdown of Biglding A SSD system in MarcR013. If the source

contaminatiorcould be located and weremedied instead, rapid rebound would not be expected.

3.1 MANAGEMENT OF POSSIBLE ACUTE RISKS

The procedures presented in Section 3.1. apply if the performing contractor is on site and is
responsible for managinipe acute risk. If the incident was caused by others, the performing

contractor may be requested or contracted to respond and assist in monitoring.

Acute risks are those that could immediately produce harmful effects. ARRGe &tute VI risks
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exists facility security, facility firefighting, the local fire department, and appropriate regulators

should be alerted, per the site crisis and emergency plan (Tetra Tech, 2018

Monitoring programs to manage potential acute risks will rely on dieatingfield instruments
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reducingSV andlA contaminant concentrations to regulatoelyceptable levels, remediation of

affected media will be required.

Removing the source of vapors is often the preferred remediation strategy at vapor intrusion sites;
however, this may not be an easy option at MRC. Feasibility is low given the size of the building
footprints (80 acres), the scant knowledge of soil and groundwater contamination and of the nature
and extent of vapor sources beneath the buildings, and the infeasibility of complete exploration of
subslab conditions in buildings with active industrial operatidfisort-term effects may be

realizedwith soil removal and S\éxtraction, as these remediation acti@ither eliminate or
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groundwater contaminant concentrations are high, remediation measures should be instituted
before building construction. Remediation measures are curramiberway at thee
groundwateiplume locations(Block E, BlockG, and Blockl) with elevated trichloroethene

concentrations.

Institutional and land use controls are common meagardsniting access and/or development

to prevent and mitigate exposure to site contam@mdnstitutional controls may be applied at
undeveloped sites or at sites where land use may change in the future. Institutional controls might
be necessarat MRC to ensure that the Vjpathway is effectively addressed in the future.
Institutional controlscould include requirements to install engineering controls on buildings to
mitigate possiblé/I pathways and tbmit certain kinds of land use (such as residential use) that
might pose regulatorily unacceptable health risks.

3.3 SSD SYSTEM FAILURES

SSD systms inBuildingsA and C have operated since MaBh 2008to maintain a vapor

migration barrier.
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ensure that workers are protected. Events wwaild trigger communication to stakeholders

include:

X e
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LockheedMartinwill continue to attend tenant meetings, conduct monthly inspections to look for

changes that may pattially result in exceedance of trigger levels, and consider yearly monitoring.

The SSD6
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Eastern Boulevard, Middle River, Maryland.epared by Tetra Tech, Inc., Germantown,
Maryland for Lockheed Martin Corporation, Bethesda, Maryland. March.

United States Environmental Protectidgency (USEPA), 2011& oxicological Review of
Dichloromethane (Methylene ChloriddgPA/635/R10/003F. November.

United States Environmental PectionAgency (USEPA), 2011b. Toxicological Review of
TrichloroethyleneEPA/635/R09/011F. September.

United States Environmental PectionAgency (USEPA), 2012a.
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Figure 2-1 Trigger -Level Decision Matrix

Figure 2-2 SSD System EXxit Strategy Decision Matrix
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Table 2-1 Indoor Air and Sub- Slab Vapor Risk- Based Screening Levels for Indoor
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Table 2-1

Indoor Air and Sub-Slab Vapor
Risk-Based Screening Levels for Indoor Workers
Lockheed Martin Middle River Complex

Middle River, Maryland

10 x Carcinogenic Noncarcinogenic Indoor Air Sub-Slab
Chemical Industrial Air ) Industrial Air , Screenir;g Screenir;ug
USEPA RSL USEPA RSL Level Level
(hg/m®) (hg/m®) (Hg/m?) (Hg/m?)
Benzene 1.6E+01 1.3E+02 1.6E+01 5.3E+02 Carcinogenic RSL (18risk level)
Carbon tetrachloride 2.0E+01 4.4E+02 2.0E+01 6.7E+02 Carcinogenic RSL (1Brisk level)
Chlorodifluoromethane NA 2.2E+05 2.2E+05 7.3E+06 Noncarcinogenic RSL
Chloroform 5.3E+00 4.3E+02 5.3E+00 1.8E+02 Carcinogenic RSL (1Brisk level)
Dichlorodifluoromethane NA 4.4E+02 4.4E+02 1.5E+04 Noncarcinogenic RSL
1,1-Dichloroethane 7.7E+01 NA 7.7E+01 2.6E+03 Carcinogenic RSL (1Brisk level)
1,2-Dichloroethane 4.7E+00 3.1E+01 4.7E+00 1.6E+02 Carcinogenic RSL (18risk level)
1,1-Dichloroethene NA 8.8E+02 8.8E+02 2.9E+04 Noncarcinogenic RSL
cis—1,2—DichIoroethen§3 NA NA NA NA trans-1,2-dichloroethene used as surrogate
trans-1,2-Dichloroethen® NA NA NA NA USEPA withdrew reference concentration (2014).
Ethylbenzene 4.9E+01 4.4E+03 4.9E+01 1.6E+03 Carcinogenic RSL (1’5risk level)
Methyl tert-Butyl Ether 4.7E+02 1.3E+04 4.7E+02 1.6E+04 Carcinogenic RSL (1Brisk level)
Methylene chloride 1.2E+04 2.6E+03 2.6E+03 8.7E+04 Noncarcinogenic RSL
Naphthalene 3.6E+00 1.3E+01 3.6E+00 1.2E+02 Carcinogenic RSL (1Brisk level)
Tetrachloroethene 4.7E+02 1.8E+02 1.8E+02 6.0E+03 Noncarcinogenic RSL
Toluene NA 2.2E+04 2.2E+04 7.3E+05 Noncarcinogenic RSL
1,2,4-Trichlorobenzene NA 8.8E+00 8.8E+00 2.9E+02 Noncarcinogenic RSL
1,1,1-Trichloroethane NA 2.2E+04 2.2E+04 7.3E+05 Noncarcinogenic RSL
1,1,2-Trichloroethane 7.7E+00 8.8E-01 8.8E-01 2.9E+01 Noncarcinogenic RSL
Trichloroethen@ 3.0E+01 8.8E+00 8.8E+00 2.9E+02 Noncarcinogenic RSL
Vinyl chloride 2.8E+01 4.4E+02 2.8E+01 9.3E+02 Carcinogenic RSL (18risk level)
Xylene, p- NA 4.4E+02 4,4E+02 1.5E+04 Noncarcinogenic RSL
Xylene,m- NA 4.4E+02 4.4E+02 1.5E+04 Noncarcinogenic RSL
Xylene, o- NA 4.4E+02 4.4E+02 1.5E+04 Noncarcinogenic RSL

Corresponds to a risk level of 1 x £0(10 times the carcinogenic RSL)

2Corresponds to a hazard quotient of 1.0

3 Lesser of ten times the carcinogenic industrial air RSL¥(fi6k level) and the noncarcinogenic industrial air RSL

* Sub-slab screening level = indoor air screening level divided by an attenuation factor of 0.03

The RSL for cis- and trans-1,2-dichloroethene were withdrawn in 2014 because the reference dose was withdrawn from IRIS.
®A site-specific screening level of 35



Table 2-2

Summary of Vapor Intrusion Trigger Levels
Lockheed Martin Middle River Complex
Middle River, Maryland

S Sub-slab vapor
, Indoor air trigger .
Chemical level (ug/m ) trigger Ie;/el
(Hg/m~)

Benzene 1.6E+01 1.6E+03
Carbon tetrachloride 2.0E+01 2.0E+03
Chlorodifluoromethane 2.2E+05 2.2E+07
Chloroform 5.3E+00 5.3E+02
Dichlorodifluoromethane 4.4E+02 4.4E+04
1,1-Dichloroethane 7.7E+01 7.7E+03
1,1-Dichloroethene 4.7E+00 4.7E+02
1,2-Dichloroethane 8.8E+02 8.8E+04
cis-1,2-Dichloroethene NA NA
trans-1,2-Dichloroethene NA NA
Ethylbenzene 4,.9E+01 4.9E+03
Methyl tert-Butyl Ether 4.7E+02 4.7E+04
Methylene chloride 2.6E+03 2.6E+05
Naphthalene 3.6E+00 3.6E+02
Tetrachloroethene 1.8E+02 1.8E+04
Toluene 2.2E+04 2.2E+06
1,2,4-Trichlorobenzene 8.8E+00 8.8E+02
1,1,1-Trichloroethane 2.2E+04 2.2E+06
1,1,2-Trichloroethane 8.8E-01 8.8E+01
Trichloroethene 8.8E+00 8.8E+02
Vinyl chloride 2.8E+01 2.8E+03
Xylenes, total 4.4E+02 4.4E+04
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Table 3-1

Possible System Failures and Troubleshooting Matrix
Buildings A and C Sub -Slab-Depressurization System s
Lockheed Martin Middle River Complex, Middle River, Maryland

Page 2 of 2
Issue Possible causes Possible remedies
High-pr3)essure X Granular activatedarbon X Replace carbon drum
1, .
alarn drums are moist/wet Check pressure switch; adjust, clean or replace i
x Faulty pressurswitch necessaty
Effluent pipe valve is partially x Ensure that effluent pipe valve is fully open.
closed
Low-pressure X Low or no flow due to x Ensure that a sufficient number of vapor extractidn
alar.m' closed/partially closed vapor points are open to allow enough flow. Check blowyer
((%u"dmg A) extraction points X Check lines for water and drain if necessary
X Low or no flow due to water Repair or replace switch
in the lines

. X Repairor replacepipe or hose
Faulty pressureswitch

Pipe or hose disconnected o
broken

Low-pressure | x Low or noflow due to water | x Check lines for water and drain if necessary

?:I;‘(rlg(Bu'ld'ng in the lines _ Repair or replace switch
x  Faultypressureswitch Repairor replacepipe or hose

Pipe or hose disconnected o
broken

@ Triggering any of the faitafe alarms listed in the abotable will also trigger the system atd@ler to call
the system operator and up to three backup personnel, until the alarm has been acknowledged (by pressing
555 on the phone’s keypad). Tetra Tech, Inc. (Tetra Tech) will respond to the alarm andhesstggtem
within four hours of notificationduring daylight hoursor the following morning if the alarm occurs
overnight if reasonably possible. Lockheed Martin Corporation (Lockheed Martin) will be notified within
24 hours if the system remains shut down for more than one day, and will be given a description of the
cause(s) and actions taken to address the conditioreatadtrthe system.

@ Note that at times of high precipitation, the SSD system extractinohesn the Building A basememhay
be shut down until water levels decretsavoid excessive water extraction by the sys@swapor cannot
ibEdfifRptvaw & & adiedd de00Be 8 ,$wRiSrEsivkhaed (Martin ¢l The22otiTied0fGDH -A&tidiPid Té Quied Tw -38.yl
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APPENDIX A

SPARE BLOWER INSTALL ATION AND
OPERATION

Sub-Slab Depressurization Systems

Lockheed Martin Middle River Complex
2323 Eastern Boulevard, Middle River, MD

1.0 INTRODUCTION AND PURPOSE

An AMETEK® Rotror® model DR85&lower was purchased December 2016 to function as a
spareblowerif the blower in the sublab depressurization system (SSDS) operating in Buildling

or in theBuilding C SSDSbhecomesnoperableand needs to be removed for repair or replacement
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2.0 REFERENCES

Tetra Tech, Inc. (Tetra Tech), 201@yperation, Maintenance and Monitoring Manual, S8lab
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