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Disclaimer: This document provides guidance on how to evaluate and resptred/apor intrusion

exposure pathwagursuant tahe Model Toxics Control Act (MTCA) Cleanup Regulation, chapter 173

340 WAC. It does not establish opdify regulatory requirements. This document is not intended, and
cannot be relied on, to create rights, substantive or procedural, enforceable by any party in litigation with
the State of Washington. The Washington State Department of Ecology (Ecokmyyesethe right to act

at variance with this guidance at any tirAay regulatory decisions made by Ecology in any matter
addressed by this guidance will be made by applying the governing statues and administrative rules to the
relevant facts.

The mentbn of trade names or commercial products in this Guidance is for illustrative purposes only, and
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Chapter 1 Introduction

1.1 Purpose

Volatile hazardous substancesi¢h agjasolineandsolvents) released into the environment can
contaminate soils, soil gas, and underlying groundwdtkee migration ofvolatile hazardous
substances from the subsurface to indoor air ie@atpor intrusion It is a potential migration
pathway at sites where volatile hazardous substances are present in the subsurface and occupied
buildings are in the vicinity of the contamination. Because vapor intrusion can potentially lead

to unacceptdb indoor exposures to contaminants released into the envirortheelY;ashington

State Department of Ecology (Ecolog®pects that remedial investigations will include an
evaluation to determine if vapor intrusion is unacceptably impacting indoor &ityquhaenever

volatile hazardous substances are present in the subsurface attcsltgy also expects

subsurface media cleanup levels to be protective of indoor air quality.

Ecology developed this guidance to assist potentially liable persons {Rifesinanagers, and
consultants evaluating vapor intrusion as part of applying the Model Toxics Control Act
(MTCA) cleanup regulations. The guidance contains:

e A process for evaluating the vapor intrusion pathwayndua remedial investigation
andfeasiblity study (see WAC 17-340-350).

¢ Recommended methods and techniques for soil gas sampling

¢ Recommended references for indoor air, crawl spaceslabband ambient air
sampling, and vapor intrusion mitigation techniques.

e Recommended methods for derivindbsurface media conceations that protect
indoor airquality from contaminated subsurface media.

The purpose of this guidance is to provideactical guide for assessing vapor intrusion at sites
in Washington where volatile chemicals in the subsunfaight pose a threat to indoor air
quality.

1.2 Applicability

This guidance may be used by anyone in Washington State concerned about whether subsurface
vaporphase contaminants may podeealththreat to people inside buildings. It is written

primarily for environmental professionals investigating the vapor intrusion pathway at cleanup
sites (as described below in Section 1I)TCA is the primary statute governing cleanup of
hazardous wastes in Washington. At sites where there has been a confirassz teéeowner or

! This guidance uses this term broadly to refer to the individual or party responsible for site cl€hisuig.not
intended to limit responsibility to only those designated as PLPs per RCW 70.105D.040. It is a general reference
to theresponsite party. Pl ease see Appendi x Adbs APLPO definition.
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operator must comply with MTCA cleanup regulations in Chapter34Bof the Washington
Administrative Code (WAC).

Persons responsible for clearmapst consider the vapor intrusion pathway when conducting a
Remedial Investigation and &sbility Study (RI/FS) under the MTCA cleanup regulations at

sites where vapor intrusion may potentially lead to unacceptable indoor air contanfination.
Ecology recognizes that a number of technically sound approaches to evaluating vapor intrusion
can beused to demonstrate whether human health is being adequately protéétedo not

require that investigators follow the procedures outlined in this guidance unless the procedures
are also required by regulation. However, the guidance describes agbraetied approach

organized around a number of decision points, and is consistent with MTCA rule requirements
and many other vapor intrusion guidance documents. Ecology expects its own site managers
will use this document when they review documents sitieanby PLPs.

Current and future scenarios

This guidance applies to scenarios where an occupied building currently exists on a site. It also
applies to situations where buildings have not yet been constructed within a contaminated site
area. As stated WAC 173340702 (4), cleanup standards and actions must be protective of
current and potential future site and resource uses.

Workplace exposures to toxic, volatile substances

This guidance applies to most scenarios where indoor receptors may be esgesstdous
substances by breathing indoor air contaminated by soil gas. However, there are exceptions.
Because certain manufacturing jobs require working with toxic, volatile substances, workers in
industrial settings may be exposed to hazardousvapsre d i n t heir companyos
manufacturing process. Workplace safety for these workers is regulated by both the Washington
Department of Labor & Industries (LNI) Division of Occupational Safety and Health (DOSH)

and the federal Occupational Sgfend Health Administration (OSHA) The chemicals used in

such a workplace could be the same substances found in soil gas beneath the building. As
discussed i) below,this guidance doasot apply to potential vapor intrusion scenarios where

the recepors at risk are workers routinely exposed to higher concentrations of the same
chemical(s) as part of an industrial/manufacturing process, when those exposures are directly
regulated by OSHA.

2 See: WAC 17340-357(3)(f)(i); WAC 173340-450(2)(c) & (3)(a)(i); WAC 1738340-720(1)(c) & (1)(d)(iv);
WAC 173340-740(3)(b)(iii)(C) & (3)(c)(iv); WAC 173340-745(2)(c) & (5)(b)(iii))(C); and WAC 17340-750.

% 1n 2002 EPA published a draft guidance for evaluating the vapor intrusion to indoor air pathway from groundwater
and soils. Since that time, a number of states Department of Defensand ITRC have also produced VI

guidance.
* OSHA approves, mutors, and partially funds state occupational safety and health programs. WISHA, the
Washington industrial safety and health act, provides

(chapter 29800 WAC). OSHA requires state plans to be adtlea effective as OSHA. OSHA and WISHA

establish permissible exposure limits (PELS) to regulate work place exposure to chemicals. PELs are based on both
risk and economic feasibility. For most VOCs, the human héssied indoor air cleanup levels reqditender

MTCA are much lower than the PELs.



The guidanceloesapply, though, to situations where employeesking indoors are not

routinely exposed to chemicals as part of an industrial/manufacturing process. It also applies to
workers exposed to vapor intrusion in general-residential settings, like schools, libraries,
hospitals, retail stores, office bdihgs, and daycare facilities.

Consider the following situations:

a) An office workerin a building that houses some type of manufacturing operation is
potentially exposed to indoor air contamination as a result of vapor intrusion. This
guidance applies tiné office worked s p ot e n t (and fo these gxmosures other
persons not involved in the industrial process may be subjected to).

b) A worker potentially exposed to certain volatile substances in vapor intrusion
contaminated indoor air uses a diffedrenemical while working. The potential exposure
to the substances in indoor aiused by vapor intrusios addressed by this guidance.

c) A worker potentially exposed to vapor intrusicontaminated indoor air regularlyand
simultaneously exposed tike saméhazardous chemical vapors in the workplace. The
workplace vapor concentrations are routinely much higher than any levels expected from
vapor intrusion. This worker understands that exposure to the particular chemical is part
ofthejobandisenrbled i n t he coompliaatremplogee Wdbektian
program. Because the exposure scenario described here is regulated under OSHA, the
guidance has not been developed to assess or otherwise address such &’situation.

Although drycleaning businessesal aut omobi l e filling statio
operations, o0 the same | ogic may apply to e
buildings. That is, the guidance has not been developed to assess or otherwise address
situations where a subsade vapor intrusion source potentially threatens indoor air

quality, but: a) indoor workers are regularly exposed to the same hazardous chemical

vapors in the workplace due to the nature of the businetize Workplace-related

vapor concentrations areroutinely much higher than any levels expected from

vapor intrusion; and, c) the workers are enrolled in an OSebmpliant employee

protection program.

These examples are provided to show the different types of indoor receptors that may be exposed
to vapor intrusionrelated contaminants and which types the guidance has been created to help
assess. Regardless of whom the indoor receptor is, and whether vapor intrusion is or is not
assessed because of the nature of the indoor activity, PLPs are stitdgquappropriately
addresgclean up)xontaminated groundwater and saitgheir sites.

1.3 The Vapor Intrusion Pathway

The vapor intrusion pathway we are concerned about at cleanup sites starts at the subsurface
contaminant source, travels througk ttadose zone, and, by moving through or around

®That is, the guidancebds assessment recommendati ons are
remains relevant for neighboring properties or for other buildings on the property where tiier®déscribed
heredo not exist.



foundations, enters occupied buildirfgShe pathway consists of a string of possibilities that, if
connected, may result in unacceptable health risks. The pathway is influenced by the properties
of the chenrtals themselves, soil characteristics, ambient conditions, and the construction and
ventilation features of the affected (or future) buildings.

In the subsurface, a chemical may be dissolved in

groundwater, present as a separateagueous _ _ _ _

phase, or sorbed to soil particles. Due to its In this guidanagpor intrusiorfV)
volatility it may also partially paition into the gas ~ "efers to the migration of hazardot
phase, filling the portion of the soil pore space not Vvolatile chemicals from subsurfact
occupied by water. Within the deeper portions of ~ SOils or groundwé(ar NAPLijto the
the vadose zone, gahiase chemicals move indoor air of overlying buildings.
primarily via molecular diffusion. Nearer the
surface and approaching buildings, however
pressure gradients can play a significate o transport, and advecti@ahvection of soil gas is
generally the dominant transport mechanism influencing vapor intrusion.

Advectiondriven pressure differentials between the building interior and thedrate

subsurface (or crawlspace) move soil gas indbd@ssphase chemicals can enter buildings

through cracks, seams, or utility penetrations in subsurface (basement) walls and floors, or

through floors in contact with the ground surface. They cataotnate crawlspace air, and then

be drawn inside t hr ougwestfltogr.eSee Figgreldelowmfora he bui | d
depiction of the generic vapor intrusion conceptual model.

® This guidance specifically addresses volatile substances moving from the subsurface into biildimgger, the
air inside other enclosed structures such as manholes and utility vaults can also become contamiteated du
belowground intrusion of soil gases. In additiother vaposrelated exposure scenarios exist: contaminated soils
or groundwater can release gases to the atmosphere such that exposure occurs through inhaling ambient air.
Workers excavating below guadlevel at contaminated sites can be exposed to vapors (this is sometimes referred
to as the fitrenchingd scenari o). Met hane gas originat
buildings. Al t hough much of t he ¢gubapplntotheséssenaliosstheyuasesti on may al ¢
specifically addressed in the document
" A pressuralifference between the interior and subsurface can occur for various reasons, and the air pressure inside
an occupied building is often lower than both ambienaad the subsurface. This creates the potential for both
ambient air contaminants and contaminants present in shallow soil gas to move indoors.
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Figure 1. The vapor intrusion exposure pathvay

Site-specific considerations

In rare cases, vapors accumulating in enclosed spaces can pose immediate safety hazards (such
as explosions), acute health effects, or aesthetic problems (such as odors). These threats must be
respondd to immediately. Section 2.1 provides further information about indoor vapor

scenarios requiring immediate resporigically however, indoor chemical concentrations due

to vapor intrusion are low and the primary concern is the more chronic healtis@¢#ssociated

with long term exposures. This is the scenario the guidance has been developed to address.

1.4 Using the Guidance

Ecologyds vapor intrusion guidance document i
Awhy. o It 1 s arsgEsmithe gatesaof avaluatihg andoresponding to

potential vapor intrusion problems. The general approach recommendedtlezeslisvith steps

for fistneemihgs or buil dmighthbe whercoencaepor wihnt e
0 u t tés orsbuildings where it is unlikely. Early screening steps are conservative by design with

only those buildings least likely to be unacceptably impacted by vapor intrusion seoe¢ned

first. However, as investigators gather more-sfgecific data, lessonservative decisiemaking

becomes possible.

This guidance is not comprehensive. For many subjects we refer the reader to other documents,
such as the more comprehensive state vapor intrusion guidance developed in California, New
York,and NewJersegy t he I nterstate Technol ogy Regul at o
topic-specific literature.

See Figure 2 on the followingpajeor a schemati ¢ summary of this
1.4.1 The guidanceds approach to assessing V

Tiering the vapor intru®n assessment is designed to help investigators gather required data in a
costeffective manner. The stepise approach in this, and many other state and federal
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guidance documents, can be thought of as a progression of questions and decisions. At each
succeeding step where a question is posed and answered, the investigator has an opportunity to
conclude that subsurface contamination does not pose an unacceptable threat to indoor air
guality. These poirmatmgp sc afiranipoespeoatlysthoseearlginl Ao f f
the process, are essentially completions of the vapor intrusion assessment. In these cases no
further assessment actions are generally required once the investigator has exited the screening
process. Other offamps are of a merqualified nature. They may reflect scenarios where

vapor intrusion is not unacceptably impacting indoor air, but only because of certain conditions

that could change over time. Here, assessmemawifps may lead to followip actions such as
monitoringor the imposition of land use controls.

For example, areliminaryassessment may conclude that buildings are not currently close
enough to subsurface contamination to be threatened by vapor intrusion. -Tdramfthen, is a
conclusion that indoor reptors are not currently being exposed to vapor intrusaused air
contamination. This conclusion may not hold, however, for receptors in a building constructed
nearer the contamination in the future.

1-11



Introduction *Purpose & applicability of this
guidance
(Chapter 1) + About vapor intrusion

1 !
\\ y

Preliminary *Volatility & toxicity
Assessments + Distance from the source
(Chapter 2) *Immediate concerns

A, WV

Tier | Assessments * Screening
* Groundwater as VOC source
(Chapter 3) +Soilas VOC source
\

. +Assessing VIimpacts onindoor air
Tier [l Assessments *Soil gas, ambient air, & crawlspace
(Chapter 3) air sampling

+Tierll decision making
'\._\ y,

'

Interacting with the

uonebnsanul syl Buinunuod a10jaq BIEp alow 199]|02 01 Aressadau aq Aew 11 ‘10 "uoneIpawal
Jo uonebniw yum Apdauip paadoid 01 areudoidde aq Aew 1 ‘suonipuod aiads a1s uo buipuadag

Public + Timely & meaninful communications
*Recommendations
(Chapter 4)
"-.\ y,
Mitigation *Resources
(Chapter 5) *Recommendations
N
Cleanup * Setting cleanup levels
+ Establishing compliance
(Chapter 6) + Institutional controls

AV VA VA VA VNV

Figure 2. The stepwise content of the guidane document (first six chapters)

Likewise, aTierlas sessment may conclude that a partict
unacceptably impacted by vapor intrusion. Theraffip, then, may be a decision that no further
assessment of that buildirggneeded. However, the subsurface contamination might still pose a
potential threat to indoor air if the building were to be modified, used differently, or replaced by

a different structure. Similarly, even though indoor air may not appear to be uabtgept

impacted, soil gas concentrations may be significantly elevated. Demsikers may therefore
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opt to monitor indoor air and/or soil gas concentrations over time to ensure the protectiveness of
the assessment conclusion.

Preliminary Assessme It

Thegoal of the preliminary assessment is to quickly identify whether the potential for vapor
intrusion exists at a specific site, and if it does, which buildings may be affected.

Chapter 2 describes thasic steps in a preliminary assessment, asking:

e Couldchemicals present at this site pose a potential vapor intrusion problem? That is, are
the substances released, or their degradation products, sufficiently toxic and volatile?
This is the firsoff-rampopportunity. If the chemicalspresent at the site ae not
sufficiently toxic and volatile, there is no further need to assess the pathway.

e Are existing or planned buildings located close enough to subsurface contamination to be
affected by vapor intrusion? Once a decision has been made that therecanetatiie
substances in the subsurface, identifying the buildings and site areas where vapor
intrusion might occur is the next step. This is the seofinchmp opportunity.

If the chemicals present at the site are toxic and volatilgéhbutontamination is far
from any occupied existing or planned building, vapor intrusion is not currently
posing a threat to indoor receptors. There is no further need to assess the pathway,
then, for the purpose of determining if mitigation or some other form efiimtaction is
needed. However, as Chapter 2 explains, if future buildiogkl beconstructed near
subsurface contamination, vapor intrusion could potentially impact indoor air quality
within those buildings. Since the site cleanup action must be pvetet the indoor air
quality in future as well as current buildings, PLPs will need to perform further
assessment within these areas (as described in Chapter 3) to better estimate the
significance of potential impacts.

Answering these questions will ragricertain sitespecific information of high enough quality to
make a confident decision. At some sgggstingdata may answer, or help answer, these

guestions and either allow the investigator to take ananfip to no further assessment, or
establisithe need for further investigation. In general, though, existing data may not be of
sufficient quality and quantity for establishing the likelihood of potential vapor intrusion risks,
especially as the investigator proceeds beyond a preliminary assessifiens | and I1.

Investigators need to evaluate both the quantity and quality of their data before making screening
decisions.

If the preliminary assessment concludes that there are toxic, volatile hazardous substances at the
site and the contaminatias either a) close to one or more currently occupied buildings, or b)

close to an area where a building could be constructed in the future, investigators will need to
continue assessing the pathway. Generally, the next steps involve looking at théraboosn
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of these substances in the subsurface and deciding if these concentrations are high enough to
pose a potential vapor intrusion problem at any site building. This is called a Tier | assessment,
or Tier | screening.

Tier | Assessmel

Like the peliminary assessment, Tier | asks basic pathway questions and providas osffor
situations where it is apparent that the subsurface contamination is very unlikely to pose a vapor
intrusion threat to particular buildings. In essence, for sites wbetaroinatedjyroundwaters

the subsurface source of vapors, it asks:

¢ Do the volatile, toxic substances present in shallow groundwater at this site pose a
potentially unacceptable vapor intrusion source? That is, are the chemical
concentrations high enoug constitute an unacceptable sourdethere is no
volatile contamination in vadose zone soils (near current or future buildings of
concern), no LNAPL, and shallow groundwater volatile concentrations are
sufficiently | ow ( belpectedtdstaythat way), theceisl ev el s
no further need to assess the pathway Or,

Do the volatile, toxic substances present at this site in vadosesmhgasi
assuming the soil gas data are properly representaiivBcate a potentially
unacceptablgapor intrusion sourcd? subsurface soil gas concentrations are
sufficiently low (and expected to stay that way), there is no further need to assess
the pathway.

For sites where contaminateddose zone sai the subsurface VI source, or where soil and
groundwater (and/or LNAPL) are both contaminated, Tier | asks:

Do the volatile, toxic substances present at this site in vadoseaibgasindicate a
potentially unacceptable vapor intrusion source (again, assuming existing data are
properly representi?e)? If subsurface soil gas concentrations are sufficiently low,
there is no further need to assess the pathway.

Section 3.1 describes the Tier | remedial investigation screening procedures for vapor intrusion.
If the Tier | screening assessment conctuthat there are volatile, toxic substances at the site,
that the subsurface contamination is close to one or more occupied or future buildings, and that
the contamination is significant enough to pose a threat to indoor air quality, investigators will

8 This assumes that these media were never significantly contaminated with volatile, toxic substances, or if
contaminated at one time, the low concentrations now present also regakgasconditions. There have been
reports of soil gas concentrations remaining elevated for some period following soil or groundwater remediation.

? Usedhere to mean the unsaatied zone above the water table. Although the capillary fringe is included in this
zone, soil gas samples are typically collected from depths above this interval.
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neal to continue the pathway assessment. The next’stégr, I, involves looking at the
concentrations of volatile chemicals indobrassociated with vapor intrusiérand deciding if
these concentratlions are flacceptable. o

Tier Il Assessmer

Tier 1l asks: Is the volatile contamination in the subsurface unacceptably contaminating this
particular buildingbs indoor air? | f tihe ans
due to vapor intrusion are sufficiently low), there is no needassesshe pathway further. Tier

I, then, can provide aassessmemff-rampfor the situation where it is apparent that even

though there is significant subsurface contamination, vapor intrusion has not unacceptably

i mpacted an exi sairiqualiy™ Rieinatigely, Tigral samplingdeswts may

indicate that vapor intrusion is contaminating indoor air and that actions are necessary to protect

the health of indoor receptors.

Section 3.2 describes measuring and evaluating indoor dreatair, and building foundation

air (subslab soil gas and crawlspace air) volatile chemical levels and refers the reader to various
state and other technical guidanté.also discusses: a) how to minimize the influence,iaaid

least partiallyi account for, background sources of indoor air chemical concentrations, and b)
how to interpret the results of indoor air sampling.

1.4.2 The affected community

Chapter 4 briefly discusses communicating with potentially exposed receptors. Once it becomes
apparent that vapor intrusion may be unacceptably impacting indoor air quality investigators will
need access to properties and buildings to collect samples and, possibly, mitigate.

1.4.3 Responding to indoor air contamination caused by VI and setting pathway-
protective subsurface media levels

Chapters 2, 3, and 4 of the guidance focus on determining whether vapor intrusion may be
threatening indoor air quality. In most cases, if indoor air quality in an existing building is

91n some cases investigators may choose to remain in Tier | and collect new/additioraimatave the quality
of their screening decisions.

“"Readers familiar with other guidance may recognize t he
10 dred®ofi assessments descri bed el s e wthorethaedoes noOinciudeTi er | |
indoor air sampling; Tier Il includes indoor air sampling. Sldb soil gas sampling may be conducted during
either Tier | or Tier Il

2 Tier Il may conclude with a decision that vapor intrusion is not currently resultingasteptable indoor air
quality. However as Chapter 3 explains, if the subsurface is significantly contaminated, there may still be a need
to continue monitoring to ensure that any impacts remain acceptably low.

13Becauseindooraircanbecontaminatgz:dba number of different sources, Ecol
l ines of evi de nc endakiiygehea guguatingtide vapor intdusian ipathiway wluring Tier II.

Using multiple lines of evidence enablavestigators to develop and suppoftygpothesis about the contributions
soil gas is making to indoor air measurements.
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indeed being threatened, igdation measures will be employed to protect receptors until the
subsurface source has been effectively cleaned up. In Chapter 5 the guidance briefly discusses
vapor intrusion mitigation measures. Mitigation measures are utilized to protect indooonecept
from vapor intrusion, though they do not directly act upon the source of the soil gas
contamination. Readers are referred to other available guidance for more information about the
types of mitigation technologies available.

If subsurface levels of ¥ic, volatile substances are elevated, and pge#entialvapor intrusion
threat (even if that threat is currently being mitigated by an active measure, or by characteristics
of the current building that minimize the degree of intrusion or its imf)aitte sourceof the

problem musbe addressedChapter 6 focuses on the contaminated vapor intrusion subsurface
source and discusses approaches for establishing media concentrations protective of indoor air
quality, regardless of the type of building thayrexist in the future. It also discusses other

vapor intrusiorrelated cleanup issues, such as institutional controls.

1.5 Updating the Guidance

Vapor intrusion assessment is an evolving science. Over time, as sites continue to be assessed
nationwide our understanding of the relationship between subsurface contamination and indoor
air impacts will improve. Hopefully this will enable us to do better job of predicting the degree

of vapor intrusion impact at any given building, and estimating theilbatibn to indoor air
contaminant measurements only due to vapor intrusion.

In addition, it is anticipated that the MTCA cleanup regulations (WAG34 will be
modified in the near future as part of the Five Year Review process. More explicit mezniise
related to the vapor intrusion pathway are likely to be added.

Ecologythereforeexpects thatdepending on the outcome of future regulatory changes and
advances in the science of vapor intrusion assessment, certain recommendations and other
information contained in this guidance may need to be revised.

1t is possible that a future building in the same location may be more susceptible.
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Chapter 2 Preliminary VI Assessment

As discussed in the Introduction, Ecology recommends a tiered approach to vapor intrusion (V1)
assessment. This is simply a logical process of deciding, in successorelyasourcéntensive

steps, whether the site contamination could pose, or is posing, a threat to indoor air quality.
Figure 3 on the following page shows the basic steps involved in a preliminary assessment of the
pathway. At this preliminary point thevestigator is really only attempting to decide if: (1) the

type of contamination at the site is volatile enough and toxic enough to pose a threat, and (2)
occupied buildings are, or may later be, in the vicinity of the contamination.

The goal of a @liminary vapor intrusion assessment is to determine whattygootential exists

for toxic vapors to be present in the subsurface that could migrate and enter nearby buildings. It
requires little sitespecific information on contaminant concentratiSiaad can be performed

during the scoping process for a remedial investigation and feasibility ®UeB], or during

Phase | or Il environmental assessments.

A series of two questions provides the framework for deciding whether investigators should
contirnue with an investigation of the VI exposure pathway. These questions are provided in an
abbreviated form below, with further details in the following sections:

¢ Are chemicals of sufficient volatility and toxicity known or reasonably suspected to
be present? (See Section 2.2)

e Are occupied buildings present (or could they be constructed in the future) above or
near site contamination? See Section 2.3)

If the answer to the first questionns, there is no subsurface VI source and no need to conduct
further investigation to assess the pathway. If the answasishe investigator must proceed to
the second question. If the answer to this second question igesgltite pathway will need to

be assessed further, as described in Chapter 3.

If the answerd the first question iges but no occupied buildings exist near the contamination,
vapor intrusion is not currently posing a threat to indoor receptors. There is no further need to
assess the pathway, then, for the purpose of determining if mitigatsmme other form of

interim action is needed. However, if future buildings could be constructed near the subsurface
contamination, vapor intrusion could potentially impact indoor air quality within those buildings.
Investigators will therefore need perform further assessment during the RI to better estimate
the significance of these potential, future impacts.

15 Other than a conservative estimate oftibendariesf the contamination. Performgra preliminary VI
assessment requires that the nature and extéme sbil and groundwater contamination only be known well
enough to: a) identify the hazardous substances which are present, and b) conservatively estimate the extent of
their presenceaterally and vertically.
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Are there sufficient data

about the chemicals collectdata
present at the site?
Arethe the chemicals Mo
present suffidently toxic —» No need to assessthe V1
and volatile
! pathway further,
[see AppendixB]?

Yes v

Arethere sufficient data
about the location(s) and

dimensions of the subsurface collect data
contamination?
l‘ Yes
Are buildings {or could No
future buildings be) within Mo need to assess the
100feet of the edge of the Y1 pathway further,

contamiantion?

l Yes

Further V1 assessment is needed. TierIand
Il assessment is discussed in Chapter 3.

Figure 3. Preliminary Assessment.

The basic steps for deciding if further VI assessment is needed in Chapter 3.




2.1 Is Immediate Action Necessary?

Most vapor intrusion scenarios are not associated with safety concerns or indoor air
concentrations that pose harmful acute exposures. This guidance was not developed to respond to
these relatively rare situations. PLPs and site managers should betewarecr, that in certain
situations, vapor intrusion hazards may require immediate attention. Investigators should take
immediate action when sheerm health or safety concerns are known, or reasonably suspected

to exist. This includes scenarios wherelegive or acutely toxic concentrations of vapors are

present in a building. It also includes the following conditions:

e A spillis discovered in the interior of the structuler gxample, a substance such as
heating oil). This is not a vapor intrusioresario but it does create vapor hazards.

e Odors are detected with a known or suspected source nearby. Odor complaints may
indicate acute health concerns, and offensive but transient smelling odors may reduce the
quality of life for occupants. It is prudeto investigate such complaints. For some
chemicals like benzeneandnaphthalengfor examplé¢ the odor detection threshold
exceeds the indoor air concentration acceptable under MTCA.

e Building occupants report health problems. Hazardous vapors mayresadsches,
dizziness, nausea, eye and respiratory irritation, vomiting, and confusion.

¢ Nonaqueous phase liquid (free product) contaminants are beneath or immediately
adjacent to the building. Site investigators should consider the need for immedais acti
when free product is floating on the water table directly below or close to the building.

e Some types of vapor can create a fire and/or explosion risk. When vapor concentrations
are expected to be flammable or combustible, or are knowndortmsive o chemically
reactive investigators shoulothmediatdy assess and respond to site conditiodader
MTCA, cleanup levels protective of air quality cannot exceed ten percent (10%) of the
lower explosive limit for any hazardous substance or mixture ofthaas substances.

CAUTION: Ecology advises that buildings with potential fire and explosive conditions be
evacuated immediately, and the local fire department contacted.

Most vapor intrusion scenarios are not associated with safety concerns or aatsetthinuman

health However|f indoor is being contaminated by soil gas at any concentration, the vapor

intrusion exposure pathway is compldteatist he bui |l di ngds occupants a
the contamination. | posure. sThaseostenamas ofeen ngcessitate p ot e n
relatively quick action to abate the exposure, even though the most likely health impact is

associated with longerm chronic exposur€. Fortunately, for many buildings, the speed and

low cost of protecting recéqrs via mitigation (see Chapter 5) make this form of response

18 SeeWAC 173340-750(3) and (4).
"t is not possible to determine with certainty how much time may elapse prior to the advent of adverse effects
from the exposure.
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attractive as an interim measure, implementable well before the comprehensive site cleanup
action has been completed.

2.2 Are Contaminants of Concern Volatile and Toxic?

To pose a potential Mhreat to indoor ajrsubstances must be both volatile enough and toxic
enough to contaminate soil gas to unacceptable levels. Appendix B contains a list of substances
that could potentially contaminate indoor air to unacceptable levels via the Vigyatimese
substances were identified by EPA in their 2002 draft VI guid&hdée list is primarily

comprised of Volatile Organic Compounds (VOCs), as defined by WAE3408200.

Depending on site and building conditions, these substances are sufficaatile and toxido

pose a potential threat to indoor air qualiy the VI pathway.If, as a result of site releases,

these substancesepresent in site contamination, the proximity of the contamination to existing
buildings should be estimatesk explained in Section 2.3 below.

The list of substances in Appendix B does not include every chemical that could potentially
contaminate soil gas and indoor Hir.On a sitespecific basis, therefore, Ecology may identify
circumstances where it becomescessary to consider the volatility and toxicity of chemicals not
included in the appendix.

2.3 Are Buildings Close Enough to the Contamination?

Soil vapor concentrations decrease with increasing distance from the subsurface contamination
source and eveually fall to negligible levels. The decrease in concentration as a function of
distance from the source depends on the soil characteristics, properties of the constituent
chemicals, whether preferential pathways exist, and if biodegradation and chemical
transformations may be occurring within the subsurface environment. Soil gas in the vicinity of
buildings also may be subjected to pressure gradients, leading to the movement of the gas itself
towards areas of lower pressure.

The lateral distance betwetre contamination and a building can limit the potential for vapor
intrusion. Generally, buildings located more than 100 feet, horizontally, from the edge of the
subsurface contamination are unlikely to experience unacceptable VI ifibéatsordingly,

there is no need to further assess the VI pathway for these buildinge fedge of t he
subsur f ace c¢ o repuprseohapteliminary adsedsment, ig definecaby

18 Chemtals listed in Table B were obtained from two sourcethe 2002 draft EPA VI Guidance and the 2005
CaliforniazEPA DTSC VI Guidance Ecologyaddecthree total petroleum hydrocarbon (TPH) light fractions to
the chemicals obtained from these two documeBite me c hemi cal s | i sted i ne EPAG6s an
not included in the table.
YEPAGs 2002 guidance refers rfeandolamton ofthefopeessuskdta D of i t
selectsubstances that are volatile enough and toxic entiughse a potential VI conceriEcology used this
processbut limited the chemicals in Appendix B to, primarily, VOCs.
2 FromEPA (2002). Section 2.3.belowdescribes the limitations on using this criteridtote that the 100 feet
distance criterion does not consider the aerobic biodegradation of VOCsle®®thydrocarbons can
significantly attenuate via this mechanism.
The A100 foot ruleodo is generally applied to all sit
ground surface. Contamination close to the ground surface, however,shesrtesl distance to diffuse over
(before soil gas is discharged to the atmosphere). All else being equal, therefore, the lateral extent of soil gas
contamination for a near surface vapor source will typically be less than that for a deeper source.




estimateof where volatile organic compound (VG&oncentrations in shallow gundwater or
soil decrease to their practical quantitation limits.

If shallow groundwateir meaning groundwater at the water table or in percheeszabove the
water tablé is not contaminated, and will not become contaminated in the future, groundwater
is generally not considered a $tburce To be a VI source groundwater at the saturated/
unsaturated zone interface shoontain volatile, toxic dostances.

NOTE Buildings constructed on property that is located within 1( @ 1
horizontally, from the edge of subsurface contamination could pc et
threatened by vapor intrusiorar&aavithin 100 feet of the

contamination that degelopabl@vhether a building currently exists pr
not), the pathway will need to be assessed as discussed in Chay et

231 Li mitations on t Heousea udfeot he #A100

Although 100 feet is a good rule of thumb, in some situations Ecology may recommend that
buildings be evaluated for possible VI impacts if they are farther than 100 feet from the edge of
the caontamination. For instance:

e When a continuous low permeability surfasagh asoncrete or asphalt) covers the
ground between the contamination and the building, soil gas discharge to the
atmosphere is restricted and this may enhance migration towardildiedn In such
a case, and especially when the soil or groundwater contamination is at depth, it
would be prudent to consider buildings further in Tier | even if they are somewhat
farther than 100 feet from the estimated edge of contamination.

¢ When thevadose zone geology has very high gas permealityekample
fractured bedrock, Karsbr clay deposits with continuous fissuring), soil gas
contaminants can follow fractures without substantial attenuation for distances
exceeding 100 feet.

¢ If sewer,gas or otherutility lines are present at the site, and have been routed in
trenches backfilled with materials significantly more permeable than native soils, soil
gas contaminants may follow the backfilled conduit and pose a threat to buildings
somewhatdrther than 100 feet from the estimated edge of contamirfation.

L Substances in addition to VOCs (as defined by WAC-3%8-200) are included on Table Bbecausén some
situations these substances may pose a vapor intrusior
throughout the document as a shorthand detserof the chemicals of concern for the VI pathway. The only
inorganic substances listed in TablelBre mercury and hydrogen cyanide

#Vapors may follow the more permeable routes associated with utility conduits. In urban areas, utility and sewer
lines can influence the migration of contaminants if backfill provides a preferential flow pathway for soil gases.

See the Wisconsin Depar t Gudance far Docidngrting tha Invediigation af Utiitye s 6 2 0 C
Corridors.
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e When soil gas is under pressutes 106foot rule should not be used. This is
typically seen at landfills, where methane gadten containing VOC$ can travel
much farther than 100 feeNeither the 108oot rule nor the preliminary and tiered
assessment recommendations discussed in this guidance are intended for use at sites
where landfill gases may pose a threat to indoor air quality.

In addition, when the source of contaminated soil gas is contaminated groundwater, the
investigator will need to consider the future migmated VOCs in the plume. While there may
currently be no buildings within 100 feet of the plume, VOC strength may increase in the future
in the downgradient direction, threatening buildings that initially appeared to be too far away to
be impacted.

If you determine from a preliminary assessni@retigaho potential
vapor intrusion concethaiteanddocument your decigrplaimg
your rationale, no further assessment is required for the pathwe §

However, if it appears that vapor intrusion may potentially be cr fat
unacceptable indaorcontamination, or could in the future, the V|
assessment process described in Chapter 3 should be initiated.
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Chapter 3 VI Assessment during the Remedial
Investigation (Tiers | and II)

The vapor intrusion (VI) evaluation process recommended in this guidance can be used during
theRemedial Investigation/Feasibility StudyI(FS) to identify: a) sites that are, or aret,no

likely to pose a vapor intrusion threat; and b) individual buildings and site areas that are, or are
not, potentially threatened by vapor intrusion. For each chemical being investigated, the process
consists of three steps:

e Preliminary Assessment
e Tierl Assessment
e Tier Il Assessment

Preliminary assessment was discussed in Chapter 2. Here we assume that a preliminary
assessment has been completed and has concluded that: (1) site contamination includés VOCs,
and (2) occupied buildings are currentlythve vicinity of the contamination, or could be in the

future. The investigator must therefore determine whether the contaminant strength is such that
it could pose a potential VI threat.

Commonly, the assessment process begins by adequately chararteaznature and extent of

the subsurface VOC contamination, an Rl task. As stated in the MTCA regulations, the purpose

of the RI is Ato collect data necessary to ad
developing and evaluating cleanupacti al t er nat 340850@)(a).WAeC 17 3
investigator must therefore develop an understanding of thedimemsional extent of the VOC

Apl umed in shallow groundwater and/or vadose
document contamime source concentrations, including the extent of NAPL, and verify potential
contaminant migration pathways pursuant to th
While this is needed to a certain extent for the preliminary assessment, it becoraes

important during Tiers 1 and Il. The Tier | and Il screening steps described in this guidance

therefore assume that:

(1)the nature and extent of contamination in the media which contain the potential vapor
intrusion source has been, or is being, adedyguantified; and,

(2)a site conceptual model, inclusive of potential vapor intrusion pathways and receptors,
has been developed and is beingisgted as new information becomes available.

At the completion of the Preliminary Assessment the investigatonave identified the areas
where VI could possibly be a problem. As Chapter 2 states, these will be those areas where

% As noted in Chapte2, the list of substances of potential concern for the vapor intrusion pathway (Faple B
includes more chemicals than those defined as VOCs by WA@G4F300. This guidance document uses
AVOCso0 as shorthand when r e toaecerfar gVl pathway.he substances
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VOCs are present in subsurface contamination and the areas within approximately 100 lateral
feet of the contamination. Within treesite areas there may be property with buildings, but

there will also be property that has not been developed. The goal of Tier | is to look at the site
areas identified in the Preliminary Assessment and determine which areaghich portions of
thesearead may potentially be threatened by VI. Although VOCs are present in the
contamination, VOC concentrations may not be high enough to potentially create unacceptable
indoor air levels.

VI assessment can have two goddsan be initiated to determine if
vapor intrusion is contaminating indoor akigtiadpuilding, or it can k
undertaken to determine if vapor intrusion could pose dutueat to
buildingyet to be constructed.

While the screening tools described below for both Tiers | and 11 «
to achieve the first goal (assessing the threat associated with an
building), only Tier | can help investigators meet the second ggal
the threat posed to a future builGiegl). relies upon indoor air

measurements, and can only be conducted if a building is preser

In those areas where buildings currently existy Tevaluates whether subsurface contamination
hasthe potentiato unacceptably contaminate indoor air. This evaluation is based on the existing
building and the type of receptors that currently occupy it. But when the building is not a
residential strature, it also includes an assessment of:

a) whether subsurface contamination has the potential to unacceptably contaminate indoor
air were a residential structure to replace the existing structure in the future; and,

b) whether subsurface contamination Haes potential to unacceptably contaminate indoor
air if the receptors of interest were (future) residents.

In those areas where buildings mat currently exist, Tier | attempts to assess the probability that
indoor air may be impacted if a building is stnucted in the future.
At the completion of the Tier | assessment, then, the investigator will have a site map showing:

¢ buildings where subsurface contamination could potentially result in unacceptable indoor
air concentrations;

e areas (property) wheralssurface contamination could potentially result in unacceptable
indoor air concentrations in the future; and,

e areas (property) and buildings where subsurface contaminant concentrations are too low
to potentially result in unacceptable indoor air concéotma.

At some sites it is possible that subsurface contaminant concentrations will be too low to
potentially result in unacceptable indoor air concentratioasysite area. But if the Tier |
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assessment concludes that some VOC concentrations areestlifielevated to be problematic

(that is screening levels are exceeded, or modeled predictions of indoor air concentrations
exceed acceptable levels), the existing buildings threatened (if any) should be identified.
Investigators must then determineTiier || whether actual indoor air VOC levéldue to VIi

are unacceptable. This entails measuring VOC concentrations in indoor air, and comparing the
measured concentrations due to vapor intrusion to acceptable levels. It will also usually mean
colled i ng A f o un dstab soibgas oacrawlgpace airpand upwind ambient air samples.
These samples are collected to better estimate the amount of contamination that has been
contributed to the Tier Il indoor air measurement from vapor intrusidosxely. Indoor air

guality may be affected by VI, but it is almost certainly affected by ambient (outdoor) air
contamination that has come indoors, household product emissions, and other indoor materials
emitting VOC:s.

If the Tier | assessment concledidat VOC concentrations are sufficiently elevated to pose a VI
threat, but only if a) buildings are constructed in particular areas in the future, or b) the existing
building type or use changes, human health is currenttggiesl (for this pathway). hE
assessment findinghould then be utilized during site remedy selecticangure that indoor
receptorgemain protected in the future.

3.1 Tier | Screening

Figure 4, the Tier | flowchart on the following page, assumes that a preliminary assessment has
already concluded that there are: a) VOCs in the subsurface, and b) buildings presently in the
vicinity of the contamination (or contaminated areas where buildings could be constructed in the
future). Nevertheless, at many sites and for many buildiregstestigator will often be able to
determine, by focusing only on the nature and extent of volatile chenmdhbs subsurfagehat

the contaminant source is simply too weak or too far away from buildings of interest to pose an
unacceptable vapor insion threat. Tier | therefore asks: are the concentrations of VOCs in the
subsurface high enough to pose a potentially unacceptable threat to indoor air quality within
current or future site area buildings?

In Tier | the investigator:

e Begins by overlging a figure showing existing building footprints and developable land
on top of the si t@&hbuildihngs@ndpropenyevheredIpmaysbe a
concern can then be identified from their spatial relationships to the contamination.

e Measures V@ concentrations in shallow groundwater and/or soil gas (if they are not
already known) near the buildings and developable areas of concern.

e Compares measured shallow groundwater or soil gas concentrations to generic screening
levels developed using consative (that is, healtprotective) assumptions.

2 Groundwatecontamination, unless it has reached a point where its lateral boundaries have stabilized, will migrate
downgradient. The assessment process must factbe degree to which shallow groundwater VOC
contaminatio is likely to expand beyond it current lateral dimensions
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quality objectives? LB
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groundwater or soil gas There may be no need to

—p 355655 the VI pathway
further. See Section 3.1

concentrations exceed
generic screening levels
[see AppendixC]?

Yes l

Do shallow groundwater or
soil gas modeling
calcuations predict
unacceptable indoor air
concentrations?

Yes l

Further V1 assessment, or other actiors, is
needed. Tier Il assessmentisdisosssed in
Section3.2.

Mo

A 4

Figure 4. Tier | Assessment. The basic steps for performing a Tier | VI assessment.

¢ Inputs measured shallow groundwater or ga# concentrations to a predictive model,
such as the Johnson and Ettinger Model, and derives estimates of indoor air
concentrations. These predicted concentrations can then be compared to acceptable
indoor air levels (such as Method B or C air clearmyels).

This task (bullet #4) can be performed whether the subsurface VOC source medium is
contaminated soil or shallow groundwater. It is an unnecessary Tier | step, however, if
measured groundwater or soil gas concentrationsedogvgeneric screeninigvels.




Sections 3.1.1 through 3.1.3.3 below discuss how investigators can determine if concentrations
of VOCs in the subsurface are high enough to pose a potentially unacceptable threat to indoor air
quality within current or future site area buildings.

SUBSURFACE SOURCE | TIER | ASSESSMENT APPROACH

shallow groundwater (only)| Use measured groundwater concentrations (comp
or input to predictive model). See Section 3.1.1; a

use measured soil gas concentrations (compare to
input tonedictive model). See Section 3.1.3.

vadose zone soil (only) Use measured soil gas concentrations (compare tdg
input to predictive model). See Section 3.1.3.

shallow groundwater and | Use measured soil gas concentrations (d¢orghsrer
vadose zone soil input to predictive model). See Section 3.1.3.

LNAPL (on top of the water] Use measured soil gas concentrations (compare tdg
table) input to predictive model). See Section 3.1.3.

3.1.1 Tier I: When groundwater is the subsurface VOC source

Shallow groundwater concentration data are compared to generic groundwater screening levels
in Tier | to evaluate the need for further assessment or action to address the VI pathway. In
deriving the screening levels for groundwater shown on TaldlenBAppendix B, assumptions

have been made about the vadose zone, threatened building, and receptors. These assumptions
are discussed below in Section 3.1.1.1. Investigators should not apply the Appendix B screening
levels if the site or buildings beirgyaluated are so inconsistent with these assumptions that the
resulting decisions may not be conservative.

Concentrations of suspected contaminants in groundwater are typically measured during the
remedial investigation, when the nature and extent ofdhtaminant plume is being
characterized. The quality and representativeness of these data will need to be assessed to
determine if they are adequate to the purpose of evaluating the VI pathway for any given
building. Groundwater measurements should ately represent shallow (water table or
perche;jIz)Sgroundwater contaminant concentrations very near, if not under, the building of
concer.

In general, for a VI screening evaluation, Ecology recommends compaaxighum building

(existing or future)specifc measured shallow groundwater concentrations to screening levels. If
these measured groundwater concentrations are below the screening values, and there is no soil
contamination or LNAPL, it is reasonable to conclude that further VI assessment is reat.need

% This generally requires: using short screens (10 feet or less); locating a portion of the screen above the water
table; and, utilizing lowflow sampling techniques to minimize VOC loss.
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In order to derive groundwater gtreeningleveldj accept abl ed i ndnoustr air
I n this guidance fAacceptabled indoo

first beestablisked

Method B (or, in appropriate situations, Method C) aaalup levels. The groundwater

screening levels in Table-B of Appendix B were derived, per VOC, using Equation 1 (below).

Equation 1. Generic groundwater VI screening levels

_ Sl
VAF*UCF *H

Slew

Where
Slew

Sl

VAF

UCF

Screening level in groundwater protective of indooraifL

Acceptable indoor air screening levety/m®. These levels are
concentrations protective of human health and can be calcd
using the methods and parameters inMA&A cleanup
regulations (WAC 17340-750).

)26

Vapor attenuation facto@AF; unitless);” a default value of

0.001 should be assumed in Tier |

Henryoés Law cdonstant, unit

Unit conversion factor, 1000 Lfn

Groundwater screening levels calculated with Equation 1 are nobsheildingspecific. They
assume an attenuation of 1000 times between soil gas concentrations atidegohilibrium

with shallow groundwater concentratignand indoor air cotentrations. That is, the VAF is
assumed to be 0.001. This default VAF should represent most worst case conditions. It was

found to

be an adequately protective

intrusion database (EPA, 200G8).

assumpt.i

28 TheVAF is the reciprocal of attenuation. It is defined as the indoor air concentration of a substance, due to vapor
intrusion, divided by its subsurface soil gas concentration.

Henryo6s Law constants for many VOCs orareavailabe frameE@Ad i n t
The constants are temperature dependent. Screening Levels in Appendix B have been calculated using Hcc values
adjusted to 13°C (average Washington shallow groundwater temperature).

28.85% of the buildings in this database wexesri dence's . 10% wer e comme+wsei al buil
(a mixture of residential and naasidential).

(
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3.1.1.1i€r I: Limitations to the use of groundwater data for screening

Screening levels are based on a number of assumptions. Site or building conditions may be

different than what has been assumed in calculating these levels. The limitations discussed

below,& soci ated with using this guidanceds scree
VOC concentrations are input to a model (like the Johnson and Ettinger Model) to predict indoor

air concentrations. If one or more of the five conditions apply to thbeiitg assessed, Ecology

generally recommends that investigators collect Tier | soil gas samapldstussed iBection

3.1.3) or proceed to Tier Il (Section 3.2).

(1) Table B1 screening levels assume the vadose zone geology is not fractured bedrock, or
Kardg, with significant vertical fissuring. For this type of geology, the default VAF of
0.0017 and resulting groundwater screening levetsay not be conservative.

(2) If utility lines are present in the area and have been laid in trenches bedded and backfilled
with relatively permeabl e materials, these
for the movement of ggshase VOCs. TableeB6sS gr oundwater screeni
not be conservative in these ca$es.

(3) If utility lines penetrate the floor or wall®d leave large unsealed openings into a

building, I f there are sumps in the floor
the building has an earthen floor, relatively more soil gas may enter the structure than is
assumed when applying a VAF@DO01. TableBL6 s screening | evel s,

not be conservative in these caes.

(4) If the water table is very shallow (less than 15 feet bgs or within a few feet of the
buil dingds | owest floor), wver yosdzonetlhe atte
these cases, assuming an attenuation of 1000 times (a VAF of 0.001) may not be
conservative and the screening levels in TablerBay not be adequately protective.

(5) The screening levels assume there is no LNAPL on top of the water tabMAMfLLiS
present, the screening levels may not be conservative, and are unlikely to be relevant.
That is, where (and while) LNAPL covers the water tablesthsourceis the LNAPL
itself, not the groundwater.

3.1.1.2 Tier I: Petroleum hydrocarbons inoshgiloundwater

For the readily biodegradable petroleum components benzene, toluene, ethylbenzene, and
xylenes (BTEX), Ecology will allow the assumption of ten times more attenuation when deriving
generic groundwater screening levels, as long as subsadadgions clearly favor a

considerable degree of biodegradation. That is, for vadose zone conditions favoring aerobic
biodegradation, and where the distance from the structure to the water table is more than a few

29 Utility corridors can provide preferential pathways for lateral VOC molecular movement in soil gas. If this
occurs, groundwater concentaat spatial patterns may not be good indicators of overlying soil gas concentrations.
%A VAF of 0.001 assumes that soil gas primarily enters buildings through small cracks in floors and at the footprint
perimeter where the floor and walls interface. rfattuality, intrusion occurs through significantly larger

openings, this VAF value may not be sufficiently conservative.
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meters, the groundwater to indoor aki can usually be assumed to be at least 0.0001 for these
aromatic petroleum hydrocarbons. Investigators can therefore multiply the shallow groundwater
screening levels in Table-Bby ten for these constituents.

Note: if this is done, Ecology will timerequire site investigators to document conditions
favorable to aerobic degradatio®uch conditions require sufficient vadose zone oxygen content
(4% or higher) and other conditions described by DeVaull (1997 & ZB0R)ernatively,
investigators magemonstrate, through sampling that site soil gas actually attenuates to this
degree within the vadose zone.

3.1.1.3 Tier I: When shallow groundwater VOC concentrations exceed screening levels

When shallow groundwater VOC concentrations in the vicinitylmfilling are below screening
values, there is no soil contamination or LNAPL, and the assumptions of section 3.1.1.1 are not
contradicted, it is reasonable to conclude that further assessment to address vapor intrusion is not
needed. But if groundwateocentrations are above the generic screening values, further
evaluation and/or action is needed. If the building of concern is an existing structure, the options
include:

e Predicting maximumtQat is conservative estimates of) indoor air concentratirsisg
the Johnson and Ettinger model (JEM) with conservative assumfftiatiken site
groundwater concentrations exceed TableBs screening | evels, th
improve attenuation estimates based onsptecific considerations. This may leiad
derived VAF estimates significantly lower than 0.001. Ecology recommendations
regarding use of theeM are included in Appendix D.

If the JEM derives predicted indoor air concentrations that are above acceptable indoor

air levels, orifsiteand/orfbul di ng condi ti ons disqualify th
assessment, collection of soil gas samples, or mitigation is required. But JEM predictions

can also offer a Tier 1 offamp, similarly to a comparison to generic screening levels. It

is reasonable toonclude that further vapor intrusion assessment is not needed if:

a) measured groundwater concentrations used in the JEM predict indoor air
concentrations that are below acceptable levels,

b) the JEM has been used conservatively,
c) there is no soil contamitian or LNAPL, and

d) thelimitationsnoted above in 3.1.1.1 and in Appendix D are not violated.

¢ Collecting and evaluating soil gas data (see Section 3.1.3 below).

31 Other vadose zone attributes conducive to aerobic biodegradation include sufficient soil neisilablé water
greater than thwilting potential) an energy source (hydrocarborisfrganic mineral nutrients (such as nitrate,
phosphate, ammonia at natural background levels), and the presence of BTEX degrading nSe®esv/aull,

1997 and 2002.
Note: The New Jersey VI guidam¢2005) recommends multiplying the groundwater screening level by 10
for BTEX constituents.

32 Generally, this step is only recommended if the screening levels are exceeded by less than.100 times
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e Proceeding to Tier Il assessment (see Section 3.2 below).
e Implementing mitigation measurésee Chapter 5 below).

Where the building of concern is not an existing structure, fewer options are available. In this
case the investigator can either:

e Predict maximum indoor air concentrations using the JEM as described above. ltis
reasonable to catude that further vapor intrusion assessment is not needed if: a)
measured groundwater concentrations input to the JEM predict indoor air concentrations
that are below acceptable levels, b) the JEM has been used conservatively, c)
conservative dimensiorand other properties for a hypothetical future residential
structure have been input to the motiel) there is no soil contamination or LNAPL, and
e) thelimitationsnoted above in 3.1.1.1 and in Appendix D are not violated. Or,

e Collect and evaluate B@as data (see Section 3.1.3 below).
3.1.2 Tier I: When contaminated vadose zone soil is the subsurface VOC source

If soils are contaminated with chemicals identified in Appendix B and a building is, or could be,
nearby, the potential exists that \dudd lead to unacceptable indoor air levels. Unlike
groundwater, soil VOC concentration data are not used in Tier | to evaluate the need for further
action to address the VI pathw#ylnstead, if soil is contaminated with one or more of the
substances iAppendix B, Ecology recommends tisail gas(and/or indoor air) usually be

sampled to determine the potential vapor intrusion threat to nearby buildings. Tier | soil gas
screening is described in Section 3.1.3 below.

3.1.3 Tier I: Using Soil Gas Concentration Data

When the subsurface VOC source is contaminated soils (in the vadose zone), shallow
groundwater, LNAPL, a combination of these three, or simply soil gas¥seif,gas

concentration data can be used in Tier | to determine whether favileation is needed in Tier

Il to address the vapor intrusion pathway at existing buildings. These data can also be used, like
groundwater data, to determine if the site cleanup action needs to address the potential for VI in
future (not yet constructetuildings. If measured concentrations are below levels that could

lead to unacceptable indoor air concentrations, it is reasonable to conclude during Tier | that no
further VI assessment is needed.

Investigators can utilize stglab or deeper soil gas ammntrations during Tier | to estimate the
strength of the potential VI source. Sslab sampling refers to the collection of soil vapors

¥ This assumes that the investigator is attempting to atethe parcel/area for unrestricted use. If the assessment

has a different goal, and the investigator is instead attempting to determine the vapor intrusion potential for a

di fferent type of future buildingwy that buildingbs din
% EPA has recommended that investigators not rely upon the JEM for deriving VOC soil matrix screening levels

protective of the vapor intrusion pathway. The Agency believes that the associated (total) uncertainty is

unacceptably high. See EPA 2002.
*At some sites (drycleaners, e.g.) there is the potentialfaparrelease to the subsurface that only contaminates

soil gas, not groundwater or vadose zone soils.
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immediately beneath the basement floor or slab of the building of concern, often above the soil
of fill layer in contat with the slab. Deeper soil gas samples are collected above the VOC
source, whether this sample location is directly beneath the slab or outside of the footprint of the
building of concern.

When groundwater is the only VI source, investigators shigpidally either collect suislab

soil gas samples or soil gas samples just abo
VI sources, soil gas samples should usually be collected eithastaubr just above the top of

the soil contamination.

Measured soil gas concentrations are compared to generic screening levels or input to a model,

like the JEM, and used to pretindoor air concentrations. As with groundwafeg c c e pt abl e 0
indoor air concentrationsust be established befateriving genericsoil gas screening levels

In this guidance acceptable indoor air concentrations are based on MTCA Method B (or, in
appropriate situations, Method C) air cleanup levels. The screening levels in Thble B

Appendix B were derived, per VOC, usinguation 2 below.

Equation 2. Generic soil gas VI screening levels

_ Sha
VAF

Skes

Where

Sl Screening level in soil gas protective of indoor ag/m®

SL, Acceptable indoor air screening levety/m®

VAF Vapor attenuation factor (unitless). A default value of 0.1
should be assumed during Tier | wh8h,, will be compared
to a subslabor shallow soil gasneasurement. 0.01 should
assumed wheSL,, is compared t@ dep measuremerit

% E P AdraftVI guidance document (2002) suggests that generic soil gas screeningéevbks utilized to assess
the potential for unacceptable indoor air i mpacts. EF
(which they, consistent with the JBIh Saeennglevelsbased A U0 )
on a VAF of 0.01 are recommended for soil gas collected at greater depths.

On March 4, 2008, however, EPA i ssued another draf
Preliminary Evaluation of At t enu a fanalgtical répartng levelstheo For s
95" percentile database VAF was calculated talbeut0.3 (with a median value between 0.01 and 0.001). The
subslab 9%' percentile database VAF was calculated théveen 0.15 and.48 (with a median value similar to
the soil gas value; again, only salab detections above the reporting limit were used in the calculation). This
suggests the possibility of certain scenarios | eading
recommendations. EPAods not appear to understand what these scenarios are (or, at least, understand them well
enough to be able to advocate default attenuation factors for only a subset of the conditions an investigator might
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Soil gas screening levels calculated with Equation 2 are nebsibtelildingspecific. They
assume an attenuation of:

a) 10 times between stdlab soil gas concentrations and indoor air concentrations; and,
b) 100 times between soil gasrcentrations at depth and indoor air concentrations.

This should lead to conservative decisioaking at most sites.

In deriving soil gas screening levels assumptions must be made about the vadose zone,
threatened building, and who the potentially exgagbsccupants are. These assumptions are
discussed in Section 3.1.3.1. Investigators should not rely upon comparisons to screening levels
or on predicted indoor air concentrations decisionmaking in Tier | ifthe site and/or building

being evaluatedra so inconsistent with these assumptions that the resulting decisions may not
be conservative.

Furthermore, even when shallow soil gas samples are collected close enough to the building to
represent soil gas under the building, there may simply not hgykenvadose zone between the

sample depth and the building to justify assuming a VAF of 0.01. For samples collected

shallower than 15 feeebow ground surface {3), therefore, measurements should be compared

t o Append-slabsddgasscrigeninggy el s, 0 not the fAdeep soil

Soil gas measurements should accurately represesianloontaminant concentrations, or

deeper concentrations laterally near the building of concern. This also holds for soil gas samples
collected to ealuate potential VI impacts for a building that could be constructed in the future.

In general, for a VI screening evaluation, Ecology recommends usimggtkienummeasured

soil gas VOC concentrations associated with each existing or future building arhearing to
screening levels or as inputs to a model. If tmeasured soil gas concentrations are below
screening levels or predict acceptable indoor air concentrations it is reasonable to conclude that
no further assessment is needed.

Due to the possility of diluting the collected soil gas with atmospheric air, samples should not
be collected from depths shallower than 5 feet bgs (unless locatsthbiAs a general rule,

soil gas samples other than suslab samples should be collected right atee the subsurface
contamination (the VI source). Samples collected near the source often display less spatial
variability in measured concentration levels, and investigators can usually sample from a
relatively small number of points (laterally). Whemples are collected from shallower depths
Ecology will generally require a larger nunnlmé collection pointsthat is adensersampling
design)

When the VOC source is close to the ground surface or basement floor, soil gas samples other
than subslab samples should be collected right above the top of the contamination. But samples
collected from depths this close to the ground surface (assuming they are not collected directly

encounter). Consequently, Ecology only recommersitsy generic soil gas screening levels during Tier 1 after
consideration of the fAlimitationso discussed in Sectioc
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below the building), may not represent soil gas at the same depth diotly the building

being evaluated. When relatively shallow samples are collected beyond the building footprint,
the potential exists for underestimating soil gas concentrations immediately below the building.
The uncertainty associated with adequatefyresenting soil gas concentrations just below the
building increases as shallow samples are collected further from the building of concern.

Soil gas measurement depths:

e Subslab. Compare results to the Appendisl&ossiiil gas screening lev
e Ifnot sukslab:

QDcoll ect samples deeper than 5
(2) collect samples just above the subsurface VI source.
(3) forsamples collectéddl~5 6 bgs, compare re:

slab soil gas screening levels.
@4)for samples col | ec tremsultsédhp er
Appendix B deep soil gas screening levels.

The quality andepresentativeness of soil gas data are criticahd will neel to be assessed to
determine if they are adequate for the purpose of evaluating the VI pathway at any given site and
building. To acquire soil gas data that are representative of the depth of interest and locations
(laterally) where gas could infiltratbe building, multiple samples will be necessary.

Significant spatial variability in concentrations can be expected.

Soil gas samples for vapor intrusion decismaking are typically collected usir@umma
canisters, and analyzed per Method-T®(for VOGs) 2" Ecology expects soil gas sampling for
vapor intrusion assessment to be documented in-eestigation work plan (sampling and
analysis plan and projespecific quality assurance plan) and pseatpling report.
Recommendations for Melated soilgas sampling are provided in Appendix C.

3.1.3.1 Tier I: Limitations to the use of soil gas concentrations when predicting indoor air
concentrations

The limitation on using groundwater screening levels when LNAPL is present on top of the

3" There may be good sipecific reasons for analyzing soil gas samples via8@®/Method 8260. For example,
where reportingiinits do not need to be as low as those customarily attainable Hy6;Tthis may be a less costly
option. Readers are referred to Air Toxics Limitedo6s
Associationb6s Symposi ennMebhads @&id Tech@Qalogyl i ty Measur em
(http://www.airtoxics.com/literature/papers/Final AWMA_TO15 8260.pdf

In addition, most VI investigations will focus on subsurface VOCs (as dkifiin&/AC 173340-200). But

as noted earlier, there are some substances included in FalileaBcannot be quantified via Method -I6. If
the investigator believes that soil gas may contain eleateckntrations of these constituents, alternative
collection and analytical methods must be used to determine whether the substances may pose a potential vapor
intrusion threat. Chlordane and heptachlor are examples. Quantify their presence in soil gas will require sampling
methods other than T05 or TG14. Naphthalene is another example. Although there are certain scenarios where
naphthalene can be analyzed via-T® Method TG17 is generally the preferred method.
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water table nenot limit the use of soil gas screening levels as long as the NAPL is below the
depth of the soil gas collection/measurement. The first four limitations noted in Section 3.1.1.1,
though, also apply to soil gas collectgddepth That is,

(1) Table B1 saeening levels assume the vadose zone geology is not fractured bedrock, or
Karst, with significant vertical fissuring. A VAF of 0.01, and hence, the soil gas
screening levels, may not be conservative for this type of geology.

(2) If utility lines are presennithe area and have been laid in trenches bedded and backfilled
with relatively permeable materials, these
for the movement of ggshase VOCs. TableB0s soi |l gas screening
conservative inhese cases.

(3) If utility lines penetrate the floor or walls and leave large unsealed openings, or if there
are sumps in the floor of the building tha
may enter the structure than is assumed when applying=ao¥B.01. Table BL 6 s
screening levels, therefore, may not be conservative in these cases.

41 f the contamination is very shallow (with
very little attenuation is likely to occur in the vadose zone. An assomnptt 100 times
attenuation (a VAF of 0.01) and the resulting screening levels in TablarB unlikely
to be conservative in these cases.

ADeepo0 soil gas screening |l evels can only
measurements if there is a suitablstaince between the sample collection (or
measurement) depth and the buildingds foun

levels, an assumption is being made in the derivation of the screening levels that vapor
concentrations attenuate at least 10 §mvéhin the vadose zone between the

measurement point and the sslab zone. If the vadose zone is only a few feet thick, or

if contamination in that zone is shallow, this is a poor assumption and the deep screening
levels are not appropriate. Likewisithe investigator has simply chosen to collect soil

gas at a relatively shallow depth, comparing the results to deep screening levels is usually
inappropriate. As noted above in Section 3.1.3, samples should be collected at least 15
feet bgepiof sohé Gde screening levels wildl

There are few limitations associated with using-slalb soil gas data. However, if utility lines

penetrate the floor or walls and leave large unsealed openings, if there are sumps in the floor of
thebuildigp t hat are fiopend to soil gas, or i f the
not be conservative.

3.1.3.2 Tier I: Petroleum hydrocarbons in soil gas

As noted above, for certain petroleum hydrocarbon constituents that biodegrade significantly
the vapor phase, Ecology allows an additional attenuation factor of ten when subsurface
conditions favor biodegradation. For conditions favoring biodegradation, then, and where the
distance from the structure to the soil gas measurement is morefdvameters, th@able B1
deepsoil gas screening lewefor BTEX constituents may be multiplied by téor, theindoor
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BTEX concentration derived from inputtimiggepsoil gas measurements teetJEM may be
divided by 10.

No assumed biodegradation facshould be applied to stdtab measurements or soil gas
measurements collected from depths close to ground surface (or the basement floor). In addition,
as noted above during the discussion of modifying groundwater screeningifexgisnced

BTEX attenuation is assumed, Ecology will require investigators to document site conditions
favorable to aerobic degradatioBuch conditions require sufficient vadose zone oxygen content
(4% or higher) and the other attributes noted in Section 3.1.1.2. Altelyatnvestigators may
demonstrate, through sampling that site soil gas actually attenuates to this degree within the
vadose zone.

3.1.3.3 Tier I: When soil gas VOC concentrations exceed screening levels

When soil gas VOC concentrations in the vicinityaafexisting or future building are below

screening levels, and the limitations of 3.1.3.1 are not contradicted, it is reasonable to conclude
that further assessment to address vapor intrusion is not needed. But if concentrations are above
the generic seening values, or if Tier | assessment tools cannot be used due to site or building
conditions, further evaluation or action is needed. The options include:

e Proceeding to Tier Il assessment (Section 3.2), if an existing building appears to be
potentially breatened.

e Predicting maximum indoor air concentrations using the JENEM predictions can
offer a Tier 1 offramp, similarly to a comparison to generic screening levels. Further
vapor intrusion assessment is not needed if the following conditionsedre m

a) measured soil gas concentrations input to the JEM predict indoor air
concentrations below acceptable levels,

b) the JEM is used in a conservative manner (as described in Appendix D), and,

c) the limitations specified in section 3.1.3.1 are not violated.

If the JEM predicts unacceptable indoor air VOC concentrations within an existing
building, or if site and/or building conditions disqualify its use, the investigator will need
to proceed to Tier Il or mitigate.

If the building of concern is not an exiggistructure, the investigator can still use the
JEM, but must input conservative dimensions and other properties, appropriate for a
hypothetical future residené®.In this case, if the JEM predicts unacceptable indoor air
VOC concentrations, the investtgawill need to address the potential VI threat as part
of the site cleanup action.

e Implementing mitigation measures (see Chapter 5 below).

3 Again, his isgenerallyonly recommended if the screening levels are exceededsbthias 100 times.

39 As noted in Section 3.1.2, this assumes that the investigator is attempting to evaluate the parcel/area for
unrestricted use. If, instead, the investigator is attempting to determine the vapor intrusion potential for a different
typed future building, that buildingds di mensions may
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As explained in Section 3.1.1.3, when shallow site groundwater appears to contain VOC levels

high enough to pose amacceptable VI threat, investigators have the option of collecting soil

gas samples before sampling indoor air (Tier Il). If soil gas is sampled, then, the investigator

wi || have two fAlines of evidenceoukeor assessi
groundwater concentration data and soil gas concentration data. Measured soil gas VOC levels,
unlike groundwater levels, may suggest that subsurface contamination is too weak to lead to
unacceptable indoor air concentrations. In these cases E@{pgctdothlines of evidence to

be evaluated before deciding whether further assessment, or otfeatét action, is needéd.

Investigators who have only sampled soil gas at depth also have the option of collecting
additional, shallower soil gas @at For example, soil gas may be collected at various depths
between the subsurface source and the building to better determine the actual degree of
attenuation occurring in the vadose zone. Again, though, in these cases Ecology expects all
relevant lineof evidencéd including the deep measurement® be evaluated before deciding
whether further assessment, or otherr&ated action, is needed.

3.2 Tier Il Assessment

When Tier | screening fails to lead to a VI assessmefraaip, the next steps adectated by
whether the building of concern currently exists. If no buildings currently exist, the assessment
phase ends with the completion of Tier I. A Tier Il assessment cannot be performed unless (or
until) there is a building present. Readaayrefer to Chapter 6 for a discussion of how the
pathway should be addresdatkr in the cleanup processhereversubsurface contamination

poses a future VI threat.

When the building of conceris an existing structur&jer 1l assessment can be used to

deermine what impact vapor intrusion is actually having on its indoor air. This requires that
samples of indoor air be collected and analyzed. At the time indoor air samples are collected the
investigator should typically also sample slab soil gas orrawlspace air, as well as building
specific ambient (outdoor) &if. The results can then be evaluated together to better estimate

how much of the measured indoor air contamination is likely to be due to vapor intrusion.

Indoor air contaminant concenti@tis due to vapor intrusion are compared to acceptable indoor

air levels in Tier Il to determine the degree to which the pathway may be currently exposing
receptors to subsurface contamination.

When developing a Tier Il sampling and analysis plan, inyastrs should begin by
constructing a site conceptual model. The purpose of such models is to provide a conceptual
understanding of the potential for indoor exposures to contaminants based on the sources of

“° Measured soil gas concentrations can be lower than levels predicted from shallow groundwater concentrations for
good reasons, and this is why Ecology often recommends that soil gesabared when the VI source is VOC
contaminated groundwater that only marginally exceeds screening levels. When the only contaminants of concern
are BTEX, for example, or the groundwater screening levels are only marginally exceeded, sampling soil gas can
improve VI decisiormaking. However, soil gas measurements dampoessarilyepresent the actual subsurface
VI threat better than shallow groundwater measurements. The quality and representativeness of both data sets
should be assessed, and the rea$onobtaining soil gas concentrations lower than screening levels well
understood, before deciding in these cases to base the Tier | decision more on soil gas than groundwater results.

“LWhenthe guidance refershereandinlar secti ond we aiieussiteithe butldingand outside
of any crawlspace below the building.
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contamination, the transport media, and likeltyusion routes. To be optimally useful for VI
purposes the model should generally be buildipgcific and shouldpr each building, contain
the following elements:

a) A plan view drawing of the building, showing its spatial relationship to the VOC
sourcelf the source is shallow ground water, the ground water flow direction
should be shown and estimates of nearby concentration contours for the VOCs of
concern included.

b) If the building has an HVAC system, the drawing should show how air moves
within the bulding and which rooms if anyi are pressurized when the HVAC
system is operating.

C) A crosssectional view of the building, unsaturated zone, and shallow ground
water zone. The drawing should depict: how deep the water table is, how deep
the VI source igif it is not the water table), any perched saturated zones, how
deep the building foundation extends, the vadose zone strata, and any NAPL
known to be present. Ceiling heights should be indicated. Any foundation/
basement features of particular intergsbuld be noted or depicted (such as
sumps or other likely soil vapor routes into the building). Sectivieals should
be drawn as realistically, and s#pecifically, as possible. Even if rough, or hand
drawn, they should attempt to capture the crititeracteristics (for VI
assessment) of the unsaturated zone and building architecture.

d) A narrative section. This portion of the model should discuss the figures
mentioned above and provide explanations for any critical assumptions made in
depicting siteconditions. It places the VI assessment in context and describes the
originating source of the VOC contamination associated with the site (including
estimates of release mass and age).

Readers interested in a fuller description of VI conceptual modelthamdises should refer to
Section 1.2 of ITRC 2007 and Chapter 2 of NJDEP 2005.

Once the sampling and analysis plan has been prepared, the sampling event may be scheduled.
Please see Figure 5 on the following page for a summary of the Tier Il process.

3.2.1 Tier Il indoor air sampling events

Indoor air concentration data are used in Tier Il to estimate indoor air VOC concentrations due
exclusively to vapor intrusion. Ecology expects all Tier Il indoor air sampling to be documented

in a preinvestigation work plan (sampling and analysis plan and quality assurance project plan)
andposs ampl ing report. jtype canisters shauld gengpallydbbe S u mma E
proposed for sample collection, with samples being analyzed via Methdd TiOr
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Obtain access to the building of concern and visit

v

Develop asampling and analysis plan whichincludes:
- proposedindoor air sampling
- proposed ambiert air sampling
- proposed sub<lab soil gas or crawlspace sampling
- proposed shdlow groundwater sampling, if needed
- SOPs and a Quality Assurance Project Plan

Y

Instruct occupants about sampling period activities.
Remove and record obvious ¥ OC emitbers.,

A

Perform sampling.

Assessthe data,

|

Are measured indoor air YOC No There may be no need to

concentrations, corrected for assess the VI pathway
ambient contributiors, higher than » further for this building.
acceptable levels? See Section3.2.4
Evaluate other finesof evidence.
No There may be no need to
Does there appea to be an assess the VI pathway
unacceptable YIimpact? further for this building.
See Section3.2.4

Mitigation or other interim action may be necessary. See ChapterS.

Figure 5. Tier Il assessment process.

The figure summarizes the basic Tier Il steps.
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VOCs)# Theanalyte list should include thos€dCs detected in the subsurfacehe vichity
of the building.

The canisters used for indoor, outdoor, and crawlspace sampling W
typically hold six liters of sample and be regulated to collect air ovér |
24 hours (for homes) or 8 hours (for businesses). At a minimum, {
lowest occupied levaif the building should be sampled, with
sampling designed to measueasonable worst cagei u p p e r-
type) VI conditions, indoor air impacts, and recepixposures?

During Tier Il investigations, indoor air may only be sampled once ~ -
twice beforea decision is made regarding mitigation (or the need fd 4 s
cleanup action)With such infrequent samplingis difficult to know —

if the VOC concentrations measured represent average population levels, median levels, RME

type levels (95% UCLs on the meanar subaverage levels. This is generally the case despite

the investigatorods best efforts tdaypaMsign the
impacts. Consequently, Ecology recommends that during Tier mhéxénum VOC

concentrations measurédr om Aoccupi abl eodo indoor areas be wu
indoor air levels?

This guidance does not include detailed recommendations for how to collect indoor air samples
or Standard Operating Procedures for sampling. Detailed recommendativitselated
indoor air sampling are included in several excellent state guidances. These include:

o The California Environmental Protection Agency, Department of Toxic Substance
Control 6s Gliidabce forathe ¥valfafidh &nd Mitigation of Sulface
Vapor Intrusion to Indoor Air.

o The Massachusetts Department ofStaBdardi r on men
Operating Procedure for Indoor Air Contaminatiand April 2002Indoor Air Sampling
and Evaluation Guide

Good discussions of Mielated indor air sampling are also contained in: the Colorado
Department of Public Heal t hindeonAdr Giidancechapter ment 6 s
6 of the New Jersey Department of EnVaparonment

“Asnoted earlier, the guidance document uses AVOCsoO as
concern. Some Table-Bsubstances cannot be quantifieal Method TG15. If the investigator believes that soil
gas may contain elevated concentrations of thestaminantsalternative indoor air collection and analytical
methods must be used to determine whether they pose a vapor intrusion threat

“Generallys peaki ng, periods when the building is fAidepressur.i
conditions. Depressurizedh this context refers to a lower indoor pressure relative to outdoor and subsurface
pressures. This ofgesecasonoswhHeni nget aerihempenature

than outdoor temperatures, and ventilating the interior space with outdoor air is minimized. It can also occur
during periods of falling barometric pressure when indoor and outdoor presserless than subsurface pressure.
Other conditions may also favor vapor intrusion, such as frozen or wet ground conditions, if soil gas contaminants
preferentially migrate to the area beneath buildings.

“% o c ¢ u pnieanmg: reghilarly occupied livig spaces such as bedrooms, dining diring rooms, family
rooms, kitchers,etc.Sampl i ng shoul dnét be conducted in spaces not
such aglosets, furnace roomstc.
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Intrusion Guidanceard,t he New Yor k State DeparQGuaeecet of He
for Evaluating Soil Vapor Intrusion in the State of New York.

3.2.1.1 Tier Minimizing indoor VOC contributions to the indoor air measurement

Background concentrations of VOCs can tsgaificant confounding factor in determining how
much impact, if any, subsurface contamination sources are having on indoor VOC levels.
Background concentrations can be due to either outdoor or indoor sources. Minimizing
background contributions to indoair contamination is critical to the vapor intrusion assessment
if those contributions cannot be easily quantified.

Common household cleaners, solvents, paints, and adhesives; cigarette smoke; and, automobile
exhaust from attached garages, all conta@Cg that may contribute to background indoor air

VOC contamination. Ecology recommends removing, isolating, or controlling indoor volatile
hazardous substances as much as possible prior to and during indoor air sampling. If the sources
are portable, remong them is usually the most effective means of keeping their emissions from
adding to the indoor air measuremé&Once indoor VOC emitters are removed, the area should

be wellventilated before samplifgegins. Failure to identify and then remove ofatoindoor

VOC emitters can lead to false indications of VI impact.

3.2.1.2Tier Il: Estimating ambient air contributions to the indoor air measurement

Upwind ambient air sampling is typically conducted as an adjunct to indoor air sampling in order
to edimate the background contribution of certain VOCs to measured indoor concentrations. A
simplifying assumption can be made that in the absence of indoor VOC emitters and vapor
intrusion impacts, VOC levels indoors should be approximately the same asono€htrations
measured in the outdoor air that is supplying the building (see Section 3.2.3 ffelow).

Ambient air samples should be collected and analyzed using procedures similar to those used for
indoor air sampling. Ecology recommends using Summateasias collection devices and

collecting the samples concurrently with indoor air samf3l&etailed recommendations for VI

related ambient air sampling are not included in this guidance, but are contained in several
excellent state and federal documentéese include the documents referred t@ppendix C

and 3.2.1 above.

> This is commonly done several days befitie onset of indoor air sampling, when the investigator surveys the
indoor environment and notes potential VOC emitters (and especially those that may emit the same VOCs detected
in subsurface contamination).

“6 Note that this discussion pertains to diias where ambient air data is being collected during a VI investigation
to estimate the impact of outdoor air contamination on an indoor air measurement (which, as the text explains, will
generally involve subtracting the ambient measurement resultgtimdoor air measurement results). Ambient
air sampling may be conducted for other purposes. If, for example, the sampling is being conducted to develop a
background air cleanup level based on statistics, the samples should be collected upgauljesteaf potentially
influenced by the site. See WAC 1380-709 for requirements for establishing background concentrations for
adjusting cleanup levels.

4" Other states and EPA recommend that ambient collections begin at least one hour, and préferas)yo@fore
the indoor collection, and that sampling be terminated no more than 30 minutes after the indoor air collection is
stopped (1993 EPA Air/Superfund National Technigaldance, EPA151/R93-012). A small offset such as this
makes sensdut it may also be impractical in certain cases to have different santptiegperiods.
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When siting ambient air stations the investigator should keep in mind why ambient data are
needed for the Tier Il VI investigation, and what each sample is supposed to représeig. T

true for ambient stations used during the assessment of either a single building or a group of
buildings. Since Tier Il ambient data are usually needed to estimate ambient VOC contributions
to indoor air measurements, Ecology recommends:

a) siting the station upwind of the building being investigated (predictions of wind direction
can be obtained from various local meteorological resources);

b) siting the station near the building being investigated, but not so close as to be influenced
by VOC emissiongmanating from that building;

c) locating the canister inlet well above the ground surface (approximaBiyeters); and,

d) locating the inlet well away from trees, airflow obstructions, and point sources of VOC
emissions.

3.2.2 Tier Il soil gas and/or crawlspace air sampling

During Tier II, subslab soil gas results can be used to help estimate the vapor intrusion
contribution to the measured indoor air concentration. For this reaseslaguoil gas

sampling is typically conducteghen indoor air is saptedinside buildings that have basements
or are constructed slain-grade.

Similarly, crawlspace samplesay be collected between the floor of the building of concern and
the surface soil of the crawlspac&hese samples are generally located belowoamipus floor
penetrations, and well away from perimeter vents. Though they often result in VOC
concentrations very similar to those found in first floor indoor samples, if crawlspace sample
concentrations are higher than those detected in ambientdout @ir, it is an indication that VI
may be contributing to indoor air contaminatitn.

Subslab soil gas and crawlspace air samples should usually be collected at the same time, or
nearly the same time, as indoor air samples. Generally they areemllsttg Summa canisters
and analyzed per Method T (for VOCs). Detailed recommendations forrélated sukslab

soil gas and crawlspace sampling are not included here, but are contained in a number of
references, including those noted abovAppendk C andSection3.2.1.

3.2.3 Tier Il: Estimating the indoor air concentration due to VI

The vapor intrusion assessment focus is not on general indoor air contamination, but on the
subsurface contribution to indoor air contaation. It is expected thatestmeasuremestof

indoor air VOCs wil|l be affected by fAbackgrou
measured indoor air concentrationscherectedfor this contribution if it can be done

conservatively. Failing to accurately account for backgrou®€\¢ontributions can lead to

exaggerating thperceiveddegree of vapor intrusion and installing unneeded mitigation systems.

“8 Because crawlspace sampliofgen resulsin VOC concentrations very similar to those found in first floor indoor
samplesEPA does not recommend that any attenudimesssumedetween crawlspace air and indoor air.
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Not only does unneeded mitigation entail unnecessary cost, bostakked system will not be
effective (that is, it will be uride to reduce indoor air VOC concentrations to target levels.).

There are numerous methods for estimating background indoor VOC concentrations. Ecology
recommends basing estimates of the background contribution on btsfaiegic ambient air
measurements$ndoor air measurements may be adjusted (thebrsected by subtracting these
estimates when the estimates are based on ambient air measurements concurrently taken upwind
of the building(s) in which indoor air samples are being obtained. Thisméttedly, an

imperfect approach. It will obviously not account for any mdgOC source contributions

andbr indoor sinks (materials inside the building that absorb VOCs and then slowly emit them
over time). Nor can it be assumed thatambient air measement near a building is truly an
accurate reflection of the ambient air contribution to a particular VOC measurement associated
with some indoor sampling logan over one 24our period. Often there aoaly one, or

perhaps twoTier Il ambientair sanpling stations per building.

It appears, however, that:

a) this approach provides a reasonable estimate of the ambient contrfBution.
Actions/studies to better quantify the actual ambient contribution per building appear to
be disproportionately costlynd resourcentensive, and lack any standardization; and,

b) even though there are multiple indoor air VOC databases, there is no properly
conservative method for quantifying the indoor VV@@irce contributioat any given

building.>

Ecology therefore suggesthat investigators use buildisgecific upwind ambient air
measurement data as follows:

e When the measured buildigpecific upwind ambient air VOC level is the same or
higher than the measured maximum indoor concentration for that VOC, assume that VI is
unlikely to be significantly impacting indoor air quality. In this situation the ambient
contribution to the indoor air concentration is probably close to 100%.

e When the measured indoor air concentration of a particularetiteed VOC exceeds the
measwed ambient concentration of that VOC, assume that the contribution from ambient
sources to the indoor air measurement is close to the measured ambient concentration.
The VI contribution, which should be compared to acceptable indoor air leviis, is
differencebetween the indoor measurement and the ambient measurement.

3.2.4 Tier Il decision-making

This guidance does not suggest how PLPs should design indoor air sampling events to ensure
that reasonable worst case VOC concentrations (due to VI) aremagadNor does it
recommend how many Tier Il sampling events should be performed before concluding that

“9 As long as the investigator is confident that the measured VOC levels represent the VOC concentrations in
ambient air likely to have impacted indoor air quality within the building of interest during thdirsgupgriod.

®See the next section (3.2.4) for a discussion of Ecol
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indoor air quality is not being unacceptably impacted by VI. We believe these must badite
building-specific decisions. In deciding how many etgeare merited, investigators will need to
consider: a) the degree of soil gas contamination (higher concentrations suggesting the need for
more than one event); b) the indoor air results (concentrations approaching acceptable levels
suggesting the neddr more than one event); and, c) the building and meteorological conditions
encountered at the time of sampling (sampling
for example, usually suggests the need for at least an additional event durideragedbd).

When maxi mum measured indoor VOC concentratio
below Method B (or C, if applicable) air cleanup levels it is reasonable to conclude that vapor
intrusion is not currently posing a problem requiring actidfhen a decision is made to not
mitigate, howewempotmayTnet &alwagpsfbe a concl
Further actions may be needed to I mprove conf
decision. Especially in those casghere soil gas levels are significantly elevated, indoor air

will commonly need to be sampled more than once. It may even need to be sampled on a routine
basis to asure that indoor VOC levels remaionsistently acceptable. Sometimes, due to the

costof sud monitoring, installation of enitigation system may actually be a more esféective

response (assuming that poastigation monitoring requirements would be less onerous/costly).

If Tier Il indoor air concentrations are above acceptable laralst appears that the vapor

intrusion contribution has led to concentrations above acceptable levels, action must be taken.
Where measured indoor concentrations are well above acceptable levels, mitigation or other
effective actions (see Chapter 5 beJalould be quickly taken as interim measures. Where
measured concentrations are above but very close to acceptable levels, and mitigation would be
relatively expensive, repeat sampling should be conducted to confirm the degree of VI impact.

The easiestier Il scenarios for decisiemaking are those where:

(1)  both soil gas and indoor air VOC measurements are elevated; soil gas greatly exceeds
screening levels; and, indoor air is significantly above acceptable levels. In these
cases the subsurface contartimmawill require a cleanup action and mitigation or
some other form of interim action should usually be implemented as soon as possible
to protect receptors until the remedial action successfully attains groundwater and/or
soil cleanup levels.

(2) indoor airVOC measurements are acceptable and jpeedicted indoor air
concentrations (based on soil gas and/or groundwater measurements) are very close to
acceptable levels. In these cases the subsurface contamination may exceed screening
levels and require deanup action, but indoor air does not appear to be unacceptably
contaminated and mitigation should be unnecessary.

Unfortunately, investigators will often be confronted with harder decisions. More difficult
scenarios are presented when: a) indoor al€\Waeasurements are just barely acceptable and
soil gas (or groundwater) VOC concentrations are decidedly elevated, or b) indoor air VOC
measurements exceed, but are close to, acceptable levels, and soil gas (or groundwater) VOC
concentrations are also ontyarginally elevated. In these two cases PLPs and site managers
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should usually resample indoor air to improve their confidence in the representativeness of the
initial measurements.

As noted earlier, investigators should utilmeltiple lines of evidecewhen assessing vapor
intrusion and this is critical when presented with less than-clgascenarios, as described in the
paragraph above. The Tier Il decision matrices provided in Appendix E can be utilized as a guide
for evaluating coupled indoorraand subslab soil gas results. The matrices embody the concept
that indoor air data should not be used alone when making VI decisions; other pieces of
information are critickto estimating the degree of ‘¢ontribution to the indoor air
measurement.TIR C @anuary 200/and other state and federal guidance cited earlier describe
additional investigation tools that can be used to more clearly understand the VI impact at a
particular buildng. Examples of these tools includetilizing tracer compourgland VOC

ratios; measuring crossab pressure differentials; sampling soil gas at multiple déppassive

soil gas sampling; and, flux chamber sampling.

The indoor concentrations of certain VOCs, such as the BTEX compounds, trimethylbenzenes,
and pehaps tetrachloroethene and chloroform, may be higher than budpgewific ambient

(outdoor) levels, without any significant VI contribution. This can be the case even though

actions have been taken @mpling to locate all obvious sources of indoorssians and

remove or isolate them. In those cases where the subsurface contaminants of concern include
these compounds, therefore, it may be a poor assumption to conclude that the difference between
a higher indoor concentration and a lower ambient damriton is primarily due to VI. Assessing

other, secondary lines of evidence, such as data from applicable background indoor air databases,
will often be needed to better estimate the true VI impact. Investigators should also examine the
degree to whiclsubslab soil gas is contaminated with the VOCs detected indoors, comparing

the ratios of sufslab to indoor air detections for these VOCs to those of VOCs not expected to

be present in indoor air in the absence of VI.

*lVertical soil gas profiles are often created to demonstrate and better quantify vadose zone attenuation. They may
also be used to betterciate the vapor source in the subsurface or investigate the effect subsurface utility corridors
or vadose zone stratigraphic heterogeneities may be having on contaminant transport. See API (2005), DTSC
(2005), and NJDEP (2005).
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Chapter 4 Community Concerns & Involvement

When investigators identify a subsurface source of volatile chemicals near buildings, they should
start making plans to investigate whether vapor intrusion might be a problem. Ecology
recommends that once a preliminary assessment establishes the presahsarédce VOCs

within 100 feet of buildings, investigators should communicate to those potentially affected: a)
the nature of the potential threat, and b) how the investigation will assess it.

This chapter discusses vapor intrusiefated interactiosiwith the public. Although this

materi al is presented here, following Chapter
believes that investigators and regulators should consider the mbgdosembarking on Tier |

or Il assessments.

Anticipating, listening to, and responding to community concerns can be a major part of a vapor
intrusion investigation. Informing people that their homes or offices may be contaminated with
harmful vapors requires thoughtful and considered communication. Wertthwaed only a

brief introduction to the topic here. References included at the end of this chapter more fully
discuss public involvement, both generally and in the context of vapor intrusion.

4.1 Vl-related Communication with the Local Community

The degee to which the local community is knowledgeable about any given site, and the amount

of effort expended by the PLP and Ecology to inform them ofreltded developments, varies

widely. At some sites, most members of the local community may knowalitiet the site

prior to being informed about the potential for VI. Learning that vapors inside your home may
threaten your familyodés health can be underst a
guestions, and investigators will need to prepararfsmwering these questions.

Investigators, PLPs, and Ecology site managers should be prepared for strong and negative
reactions from some people when they first hear abouteddgiged contamination in their indoor

air. Strong reactions can be expectexrfraffected building owners and occupants, as well as

others in the local community. It may not be possible to avoid angry and fearful responses, even
when investigations are stild]l in their early
be onfirmed.

Site managers and investigators are therefore advised to seek out those more expert in
communicating unwelcome environmental news to the public before sending notices or knocking
on doors. The Ecology site manager, for example, might want sultanith someone at

Ecol ogy having risk assessment and community
outreach staff, for example, and the public information officer), or previous VI experiences.
Representatives from state and/or local health ageean also be helpful when preparing for
communications with the public. Assembling a mdlisciplinary team to plan for and then

carry out communications with members of the affected pigoadvisablen cases where a

4-1



sizable number of buildings wiheed to be assessed, or whenever investigators can expect
significant public interest due to the nature of the site and its locale.

4.2 When Access to Private Property is Needed

A Tier | assessment will usually require at least one visit to the buildidgtermine if Tier |
screening/modeling techniques are approprfate. some situations, Tier-iype assessments
may require four or more trips into each building. For example:

e Before writing the sampling and analysis plan, a look inside the builslingually
needed to identify candidate sampling locations, investigate possible indoor air VOC
sources, and explain the process to occupants.

e A visit to the building is usually conducted several days before indoor air sampling to
remove potential indoor ®C-emitting sources®

e A trip to the building is required to sap sampling stations and begin sampling.

e A trip to the building is required to stop the sample collections and retrieve the
sampling equipment.

Additional visits may be redledif also collecing subslab soil vapor samples on a different
schedule than air samplel.mitigation is implemented, still monasits will be necessary.

Although some property owners and tenants may allow access informally, andtrbay no

interested in the samplimgy its results, Ecology recommends developing written access
agreements that, once agreed to by the PLP and property owner/tenant, allow the project team to
conduct the sampling needed for the assessthéhh e s e f or mal agr eement s
respasibilities, and describe what information will be provided to the owners and tenants at

each point in the process. Specifically, an access agreement should:

a) State what actions the owner will (and perhaps, will not) allow on his or her property.

b) Include pocedures for scheduling site visits.

2 For example, during Tierplanning the investigator will usually want to inspect the bottom floor of the building
to see if there are preferential VI pathways or other conditions requiring initiation df Tier

*3 Some investigators use this opportunity, say a week before inti@anapling, to ask the building owner to
ventilate those areas within the structure that will be sampled. Ecology suggests opening windows and doors for
10-20 minutesA8 hours before sampling begins.

**In some cases, building owners or tenants may betegltto provide access for indoor air sampling. The PLP
and Ecology must then take into account the type of building, its use, why access is being denied, what other forms
of access might be granted, how well the owner understands the potential riskst@edsuith VI, and whether the
owner is the receptor (or the only receptor). It may be appropriate in some instances to resiiadcoffimercial
building owners about language in MTCA that limits liability to property owners, but only when they ceoperat
with remedial investigations and actigisee RCW 70.105D.020(17)(b)(iv)(P)

Nevertheless, investigators shoulot presumethat building owners and occupants will be opposed to

proposals for sampling indoor air. Once a potential for VI has been coicatechto the public, residents
(especially) typically understand that various measurements need to be made and many will want to know if their
homes are affected.
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¢) Include procedures for coordinating fieldwork and document submittals when a building
owner or tenant chooses to hire a private consultant or attorney to oversee the Tier Il
sampling.

d) Include an attachment with instriarts for the tenant, explaining what actions should and
should not be done immediately before and during the sampling event.

e) Describe the information and documents that will be provided to the building owner and
tenant.

f) Establish when the building ownercatenant can expect to receive copies of the
sampling report. When preparing these reports, Ecology recommends providing a cover
letter addressed to the owner and tenant, distilling the data, summarizing the findings, and
describing the (likely) next steps$-or reports which include indoor aiata, describing
the range of typical indoor concentrationstfoe VOCs detected is also often advisable.

NOTE:Investigators should explain to owners and tenants t fat
I test results for their buildingew#ported to Ecology and tha
these types of documents, once submitted, are not confidel fia
are available to the public upon réguest.

4.3 Helpful Resources for Communications with the Affected Public

Chapter 4 is only a brief introduction the topic of Virelated community involvement. The
following general and vapor intrusieapecific references provide a fuller description of
recommended public involvement practices and activities:

California Environmental Protection Agency, Departnm@ntoxic Substances Control
(DTSC),Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to
Indoor Air, 2005.

Colorado Department of Public Health and Environmiexatpor Air Guidance2004.
Ec ol o g yGQuisle t€ RuldidInvolvement ¢he Department of Ecolody99-751).

ITRC (Interstate Technology and regulatory Coun®fgpor Intrusion Pathway: A
Practical Guideling 2007.

*5 Many residential owners and tenaats likely torequest assistance from Ecology andfher Washington State
Department of Health if they have questions. Data reports in particul@eddifficult to interpret. Building
owners and/otenants may expect not only a copy of the results of the studgntaxplanation ofvhat the
agencies belie the data indicate. Ecology site managers should be prepared to offer this support when requested,
and when responding to PLP-¥tsessment plans and reports, should send aafdigtsers b both building
owners and tenants.

% per the Public Disclosutteaw, Chapter 42.17 RCW.
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Massachusetts Department of Environmental Protednoioor Air Sampling and
Evaluation GuideAppendix 2, 202.

New Jersey Department of Environmental Protectapor Intrusion Guidange2005.

New York State Department of HealtBuidance for Evaluating Soil Vapor Intrusion in
the State of New Yqrk005.

US EPA, RCRA Public Participation Manual, 1996 (EPA-B306-007S,
http://www.epa.gov/epaoswer/hazwaste/permit/pubpart/manugl.htm

US EPA, Superfund Community Involvement Handbook, 2005 (ER&K-05-003),
http://www.epa.gov/superfund/tools/cag/ci_handbook.pdf
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Chapter 5 Mitigation

Vapor intrusion mitigation is a supplemental or shiertn remedial solution intended to protect
indoor receptors threatened, or potentidiieaitened, by indoor air contaminated by soil gas.

Mi tigationi cboobe Anéwi structure or added to
exclusively passive measures, or incorporate active devices such as fans. Most vapor intrusion
mitigationtechnologies are those which have been used successfully for radon mitigation. This
guidance does not include information about the types of mitigation technologies available, when
particular types should be selected over others, mitigation designwdrdsb to confirm and

monitor mitigation effectiveness. The reader is referred to the following four documents for
excellent presentations of these topics:

e E P Alddoor Air Vapor Intrusion Mitigation Approach€gngineering Issue, October
2008,EPA 606R-08-115

e Chapt er A4VamofIintrusibrRRatbveay: A Practical Guideline

e California Environmental Protection Agency, Department of Toxic Substances Control
(DTSC),Vapor IntrusionMitigation Advisory April 2009.

e Massachusetts Department of EnvironmaéRtrotectionGuidelines for the Design,
Installation, and Operation of Stdlab Depressurization Systeniecember 1995.

Although retrefitting existing buildings to incorporate active mitigation technologies such as
subslab depressurization (see Figbr#&) can be costly when the buildings are large or when
other complicating factors create atypical expenses, installing mitigation as the building is being
constructed is usually less expensive. Mitigating an existing siaglgy residence is also

usudly inexpensive. Because the costs for mitigating homes are typically so low, Ecology
strongly recommends that residences be mitigated when the potential for unacceptable vapor
intrusion impacts cannot be quickly ruled out and when cleanup actions farutes

subsurface VI source are unlikely to reach target concentration goals within a very short time
frame. For residences, sslab or submembrane depressurization systems may be considered
presumptivemitigation approaches, and should not typicadiguire feasibility studyype

evaluation prior to selection. Ecology recommends these systems be installed by an experienced
certified radon mitigator or another environmental professional with similar experience with
landfill gas or vapor mitigation sy&in design and installation.

Ecology also recommends that a@sidential buildings be mitigated when assessments

conclude that vapor intrusion may be unacceptably contaminating indoor air and a cleanup action
capable of quickly remediating the subsurfamerse is noteady for implementation. PLPs and

site managers should expect, however, that mitigating banidings will be more costly than
mitigating haises, and may entail additiomermitting requirementy.

" Most mitigations of singléamily dwellingswill typically only require an electricglermit andnspection
(assuming that an active, salab or submembrane depresszation system is installed). Howevdngtocal air
authoriy should routinelybe contactegregardless of the building typ®, determine ifa permit is required to
dischargecontaminated soil gas from beneath the buildiktitigations of commercial/ industrial buildings,
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Figure 6. Crosssection of asub-slab depressurization system
(Tri-Services Handbook for the Assessment of the Vapor Intrusion Pathway, February 2008).

Note: installation of the mitigation fan in the attic is only an option if the attic is not, and will
not be, occupied.

depending on the building size and castiplexity of the mitigationgnay besubject toother regulatory
requirements (e.gmechanical and/or other pern)its
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Since ative subslab and sumembrane systems blow contaminated soil gas into the

at mosphere above the buildingbds roofline, car
andwheré i n rel ation to the buil di ng®orlsybuildingdows an
windows and vents the gases are exhausted. ASTM standards for radon mitigation should, at a
minimum, be met®

Mitigation emissions

Mitigation systems, such as salab or submembrane depressurization systems, do not, by

definition, attenpt to remediate the subsurface. Basically, their function isftoute

contaminated soil gas that could otherwise enter a building. In the absence of mitigation this soll
gas would fAdischargeo its cont amgrouadstrfacet o t he
or through the building to the atmosphere.

Commonly, the soil gas being emitted from a mitigation stack is not treated prior to discharge.

There are certain mitigation scenarios, however, where investigators should assess the impacts of
mitigation emissions to ambient air to ensure that human health is adequately protected. For
example, the mitigations of some large buildings require much stronger blowers than are
typically used for a house. T htigatiovd )aCksenayi s si o n
be much higher than those from residential systems. In addition, even if the implemented

systems are relatively small, there may be cases where a number of systems have been installed

in close proximity to one another. Here again, nvtiee soil gas VOC concentrations being

emitted are significantly elevated, the combined emission impact on ambient air should be

assessed.

To determine if VI emissions may potentially be leading to unacceptable health impacts, and
whether predischarge #atment should be considered, investigators usually perform air
modeling. Several screenitgvel models are available for this purpose. The model can
estimate air concentrations in the vicinity of the stack discharge, as well as at points nearby,
correponding to sitespecificreasonable, maximaHgxposedRME) receptor locations.

Public input onmitigations asinterim measures

In most cases when a decision is made to mitigate a single building as an interim action, the

owner and occupants of thatbuilsh g ar e consi dered the faffectec
from the buildingdéds owner and tenant(s), and
required before proceeding to install the system. Additional public involvement, beyond the
minimumrequired for orders and consent decrees under WAE4@800(16), will likely be

required, depending on the public interest in the site and the number of residents and businesses
affected.

Otherinterim actions

% ASTM E 212103, Standard Practice for Installing Radon Mitigation Systems in ExistingrisewResidential
Buildings.
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As discussed above, mitigation refers taaation that protects indoor air from vapor intrusion

but does not attempt to remediate the subsurface source of VOC contamination. In some cases
PLPs may prefer to take an action directly on the VI source. Soil vapor extraction (SVE) can
often be effectie as an interim action to reduce soil gas concentrations. Depending on the
design of the system, SVE may be able to not only decrease soil gas contamination but also de
pressurize the suflab zone beneath buildings of concern. Removal of the contachisaits

may also be an option. Some quaiting groundwater treatment systems may additionally be
alternatives to mitigation, when the VI source is limited to the saturated zone. Regardless of the
technology and which medium it acts upon, it shoulddgable of protecting indoor air quality

as effectively and as quickly as the mitigation techniques discussed above.
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Chapter 6 VI Considerations for Site Cleanup

Vapor intrusion (VI) mitigation, as discussed in Chapter 5, is a supplemental eteshort
solution®® Ecology does not expect mitigation

systems to attain any \lased media cleanup

levels other than those air levels established to  Mitigation is only considered a
protect receptors inhaling indoor air. If form of fiprote
subsurface media are so contaminated that the harmful exposure. It is rfoli a
present a threat to human health via VI, howev: cleanup remedy.

cleanup levels for these media will need to be
established. Remediation alternativeseyond
any mitigation alreadymplemented capable of attaining the cleanup levels must therefore be
evaluated in a feasibility study. This chapter discusses site remediation considerations for
scenarios where contamination poses, or potentially poses, an unacceptable threat &rindoo
quality via the VI pathway.

6.1 Establishing Media Cleanup Standards for the VI Pathway

Regulatory requirements for establishing subsurface media cleanup standards protective of the
vapor intrusion pathway are contained in WAC -BA®. Requiremestfor Method B and C
groundwater and soil cleanup levels are currently described in WAG4(¥320, and 17340

740 and-745, respectively. Method A cleanup standards must adhere to the requirements of
WAC 173340-704.

None of these requirements descsilagprocess for establishing a specific groundwater or soil
cleanup concentration for a specific substance at an individual site that is necessarily protective
of indoor air. Groundwater cleanup regulations at WAG34@720(1)(d)(iv), however,
stipulatethat:

d) The department may require more stringent cleanup levels than specified in this section where
necessary to protect other beneficial uses or otherwise protect human health and the environment.
Any imposition of more stringent requirements undés govision shall comply with WAQ73
340702and173340-708 The following are examples of situations that mexyuire more

stringent cleanup levels:

(iv) Concentrations that eliminate or minimize the potential for the accumulation of vapors in
buildings or other structures to concentrations which pose a threat to human health or the
environment.

Similarly, soil deanup regulations at WAC 17310-740(1)(c)(vi) state that:

c) The department may require more stringent soil cleanup standards than required by this
section where, based on a sifgecific evaluation, the department determines that this is

%9 Mitigating vap@ intrusion is akin, in some respects, to providing bottled water to residents whose drinking water
wells have become contaminated. The residents are protected from the contamination in their wells, but the bottled
water does nothing to cleap the groundater. By definition, subsurface sources of vapbase VOCs intruding
into buildings will generally not be significantly remediated by mitigation.
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necessary torptect human health and the environment. Any imposition of more stringent
requirements under this provision shall comply with WAG3-340-702and173-340-708 The
following are examples of situations that may require more stringent cleanup levels.

(vi) Concentrations that eliminate or minimize the potential for the accumulation of vapors in
buildings or other structas.

Method A Section 17-340-704(3) also has such language:

(3) More stringent cleanup levelsThe department may establish Method A cleanup levels more
stringent than those required by subsection (2) of this section, when based eapadciite

evaludion, the department determines that such levels are necessary to protect human health and
the environment. Any imposition of more stringent requirements under this provision shall

comply with WAC173-340-702and173-340-708

The MTCA cleanup standards are intended to provide protection of indoor air quality as part of
an overall cleanup action being implementedsitea This chapter discusses various issues and
scenarios associated with calculating subsurface concentrations that should be low enough to
protect virtually any building located in the contaminated area.

To calculate VAprotective concentrations, investigatorashidentify target indar air
concentrations the subsurface source should be clegnedprotect. The MTCA regulations at
WAC 173340-750 provide Method Binrestricted(residential) air cleanup levels and Method C
industrial air cleanup levels. While Method B can be thoughsdhe default method for
calculating acceptable indoor air levels, industrial

air cleanup levels are applicable when the building

of concern is located <« FortheVlexposurepathway, | Proper:t
WAC 173340200 and-745) and receptors are acceptable indoaraiality for

industrial Workeré.o Inet her case, E the purposes of WAGC-323 is

concern with indoor air quality in the context of defined as those indoor air

vapor intrusion focuses exclusively on the concentrations resulting only fr

contaminant concentrations in indoor @ming VI which do not exceed Metho IB

from a subsurface source or industrial air cleanup levels.

Therefore, whether the building is located on an
industrial propdy, is a residence, a public building, or is a #madustrial commercial building,
the focus remains on the subsurface contribution to indoor air contamination.

6.2 Establishing Protective Groundwater Concentrations for the VI
Pathway

When shallow grounslater is contaminated with VOCs, and buildings are either near that
contamination or could be constructed near the contamination in the future, Tier | assessment
procedures in Chapter 3 describe how to determine if the contamination poses a potential VI
threat. Basically, four different approaches are discussed:

9 Method C also applies to manholes or underground vaults where worker exposure is the concern.
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(1) Comparing shallow groundwater concentrations to generic groundwater screening levels
(provided in Appendix B).

(2) Comparing soil gas concentrations to generic soil gas screening levels (also iniAppend
B).

(3) Inputting shallow groundwater concentrations into the JEM and predicting indoor air
levels.

(4) Inputting soil gas concentrations into the JEM and predicting indoor air levels.

The first two approaches can tell the investigator whether the VOC stiartgthsubsurface is
sufficient to pose a potential VI threat for any buildfhgrhe second two approaches can as

well, if the building that is modeled conservatively represents a future house, reasonably prone to
intrusion®?

When site shallow groundwat€OC concentrations exceed generic groundwater screening
levels, then, and investigators are attempting to determine the extent to which concentrations
should be reduced to protect current and future indoor air quality, there are primarily two
options: aluse the groundwater screening levels themselves, or b) calculatpesitBc

groundwater screening levels using the JEMUnder the second option, the JEM is used to
backcalculategroundwater VOC concentrations that result in given indoor air leMsdthpd B

air cleanup levels, for instance, if the future building of concern is a home). Please see Section
6.5 below.

At sites where Method A or B groundwater cleanup levels are being established that will be
protective of ingestions(ich agirinking waer-based cleanup levels), these levels will often be
low enough to also protect indoor air quality. Several substances identified in Appendix B,
however, have groundwater VI screening levels lower than Method B drinking lveested
cleanup standard.

®1 Ecology ealizes that certain atypical structures could be constructed at a site that would be much more prone to
VI impacts than most occupied buildings in Washington. But what we are referring to here is a small residential
building with dimensions and ventilatin r at es consi stent with the fidefaulto
D. We are also assuming that the new building would have -eadhen floor, have no open sumps, and have a
basement or first floor above the seasonhiph water table. Soadrmite d1 vy, by fiany type of st
mean fAal most all types of new structures that would be
We realize, therefore, that is it possible that a new, highceptible building could be constructed on a
propertywhere Ecology has concluded that the subsurface contamination could not pose an unacceptable threat to
human health via VI, and, because the building is unusually susceptible to VI, indoor air could be unacceptably
contaminated. We believe this will onigrely occur, if at all. As part of the cleanup action plan development
process, PLPs and site managers shouldires i t t he fiany structureo assumpti on:
that they appear conservative.
%2 Appendix D provides default parater values for meling such a house with the JEM.
% please see Appendix D for an explanation of what Ecatoggiders a conservative applicatof the JEM
An additional option is briefly discussed in Section 6.6.3. Under this ogiterspecificgroundwater
screening levelsan be calculatedsingempirically-derived attenuation factors.
%4 Some examples includearbon tetrachloride, chloroform, tetrachloroethene, and trichloroethene




6.3 Establishing Protective Soil Concentrations for the VI Pathway
WAC 173340-740(3)(b)(iii)(C)(III) currently states that:

C) Soil vapors.The soil to vapor pathway shall be evaluated for volatile organic compounds
whenever any of the following conditiorsist:

(1) For other volatile organic compounds, including petroleum components, whenever the
concentration is significantly higher than a concentration derived for protection of ground water
for drinking water beneficial use under WAQ3-340-747(4).

WAC 173340-740(3)(b)(iii)(C) also states that subsection (3)(c)(iv)(B) contains methods that
may be used to evaluate the soil to vapor pat

B) Evaluation methods.Solil cleanup levels that are protective of the indoor and ambient air
shall be determined on a sipecific basis. Soil cleanup levels may be evaluated as being
protective of air pathways using any of the following methods:

() Measurements of the soil vapor concentrations, using methods approved by the department,
demonstrating vapors in the soil would not exceed air cleanup levels established und&73VAC
340750

(I1) Measurements of ambient air concentrations and/or indoor air vapor concentrations
throughout buildings, using methods approved by the department, demonstrating air does not
exceed cleanup levels established under WIA@340-750. Such measurements must be
representative of current and future site conditions when vapors are likely to enter and accumulate
in structures. Measurement of ambient air may be excluded if hkecgahown that indoor air is
the most protective point of exposure.

(11 Use of modeling methods approved by the department to demonstrate the air cleanup
standards established under WAT3-340-750will not be exceeded. When this method is used,
the department may require soil vapor and/or air monitoring to be conducted to verify the
calculations and compliance with air cleanup standards.

(IV) Other methods as approved Ietdepartment demonstrating the air cleanup standards
established under WAC73-340-750will not be exceeded.

This guidance has not established soil VI screening levels for any opfiendix B substances.
When vadose zone soils are contaminated with VOCs, and buildings are either near that
contamination or could be constructed near the contamination in the future, Ecology
recommends that Tiersbil gassamples be collected to asst#ss potential VI threat. This is
consistent with (B)(l) above. Ecology also recommends that the JEM not be used to predict
indoor air concentrations from soil VOC concentratith§o although (B)(111) allows modeling
to be used for this purpose, at mesEcology is unaware of a model that will predict indoor air
concentrations from soil inputs with an acceptable level of certainty.

65 Ecology believes that JEM indoor air predictions based orttegbbulk)soil concentrations are likely to have
significant associated uncertainty. EPA (US EPA, 2002) has, for this reason, not recommended the model for
predicting indoor air concentrations from soil sources. If PLPs are interested in using a gnoddiiad to
calculate protective fidevels for TO-15 VOCs,that approach will need prior approval by Ecology.
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Consistent with WAC 17340-740(3)(b)(iii)(C)(ll1), at sites where soil cleanup levels are being
established that will bprotective of groundwater as a drinking water resource, these levels are
likely to be low enough to be protective of indoor air via the VI pathway. However, this cannot
be assumed at all sites.

6.4 Establishing Protective Soil Gas Concentrations for the VI Pathway

Regardless of the source of the subsurface contamination (i.e., whether groundwater, soil, and/or

soil gas is contaminated, and whether LNAPL is or is not present), if buildings are either near

that contamination or could be constructed niearcontamination in the future, soil gas
measurements can be used to assess the contam
air. Tier | procedures in Chapter 3 discuss the two basic approaches:

(1) Comparing soil gas concentrations to generitgas screening levels (provided in
Appendix B).

(2) Inputting soil gas concentrations into the JEM and predicting indoor air levels.

The first approach can tell the investigator whether the VOC strength in the subsurface is
sufficient to pose a potential \iteat foranybuilding. So can the second approach if the
building that is modeled conservatively represents a future house, reasonably prone to intrusion.

If investigators are attempting to determine the extent to which soil gas concentrations should be
reduced to protect current and future indoor air quality, there are primarily two options: a) use
the soil gas screening levels themselves, or b) calculatspsitific soil gas screening levels

using the JEM? As with groundwater, the JEM can be usedackcalculate soil gas VOC
concentrations that would result in Method B or industrial air cleanup levels. This is discussed
further in Section 6.5 below.

Soil gas concentrations low enough to conservatively protect indoor air quality have particular
utility at the end of a cleanup action, when the PLP is attempting to demonstrate that the
completed cleanup is adequately protective. The PLP can use these concentrations to
demonstrate, through measurements, that residual site soil and/or groundwtateiraiion

does not produce soil gas levels high enough to pose a VI threat. The soil gas measurements
used for this purpose must then be taken at depths that correspond to the depths associated with
the VlI-protective concentrations being used. Both gersoil gas screening levels and madel
generated protective soil gas concentrations are dpettific (see Chapter 3, and Appendices B

and D).

% An additional option is briefly discussed in Section 6.6.3. Under this oiterspecificsoil gasscreening levels
can be calculatedsing empirically-derived attenuation factors.
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6.5 Tt B4 c k| Subsarfade Concentrations, Protective of
Indoor Air Quality

As discussed above, the JEM can be used to-talcklate a groundwater or soil gas @O
concentration that would result in a given indoor air level. Unfortunately, theJERIA
spreadsheetnd online calculator are not structured to accept target indoor air levels that
groundwater or soil gas concentrations can then be calculated to dttas is problematic

because EPA calculates risks and hazards somewhat differently than they are currently calculated
in the MTCA regulations. Method B equations for indoor air cleanup levels in WAG4(F3

750 currently utilize reference dose and sargenic slope factor toxicity information (Rf@and

SH), whereas the JEM uses reference concentrations and unit risk factoraf®1CRF. The
predicted groundwater and soil gas concentrations the model produces to be protective of indoor
air (for acarcinogenic risk of 145 risk or a norcarcinogenic hazard quotient of 1.0) are

therefore not the same as those it would derive to be protective of Method B air cleanup levels.
Calculating Viprotective groundwater and soil gas concentrations via thend& currently be
accomplished through atwot e p u s e ofdrwatd bakulation. dPéehsé refer to

Appendix D, Table 2, for recommendations on how to accomplish this.

NOTE:The approaches deked above for establishing subsurface Re
concentrations, protective of the VI pathway, may not account for
bioattenuation in the vadose zone. As discussed in Chapter 3, s« ni
petroleum hydrocarbons in soil gas are capable of significant
biocgradation. Benzene, toluene, ethylbenzene, and xylenes, fo fe:
are known to degrade when conditions in the vadose zone separ fir
contamination source and building are conducive to aerobic biod« yr
Using Appendix B groundwater oraleggassscreening levels, or
protective groundwater or deep soil gas concentratialtsi lzae# by

the JEM, as cleanup targets, can therefore be overly conservativ

6.6 Other Cleanup-related Considerations

6.6.1 Soil gas/vapor contamination

The MTCA regulations do not contain requirements for calculating and then achseuingpor
cleanup standards. Nevertheless, even if groundwater is remediated to concentrations-below VI
protective cleanup levels, contaminated soil vapor may persistifoeand continue to pose a
potential threat to indoor air quality. In this cdsehere groundwater and indoor air are at or
below cleanup levels but soil vapor remains contamiriagtt managers will need, at a

minimum, to continue monitoring indoomrand soil vapor to ensure that indoor receptors are
adequately protected.

In addition, there are some release scenarios where the VOC release to the subsurface is entirely
in the gas phase. Tetrachloroethene (PCE) releases from drycleaner sites, ibe,exhare the
chemical in its gas phase is denser than air, may sometimes fall into this category. In these cases
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soils and groundwater may not be contaminated, but soil gad, potentially, indoor and

ambient aiii will be. So again, as long as seélpor is contaminated, site managers may need to
continue monitoring both indoor air and soil vapor to ensure that indoor receptors remain
adequately protected.

6.6.2 Non-residential, non-industrial buildings

Where the building of concern is being usethotercially (but is not located on an industrial
property), and the most highly exposed receptors are workers, the Method B exposure
assumptions in WAC 17340-750 Equations 75Q and 75€2 are likely to be overly
conservative. Average body weight, for exde) in Equation 75Q is 16 kg (representing a
child), whereas the receptors of concern at most commercial properties will be adults with an
average weight closer to 70 kg. In addition, the amount of time exposed will often theatess
defaultvalues: most receptors in a commercial building will not be exposed to contaminated
indoor air 24 hours per day, seven days a week, all year long. Therefore, while subsurface source
concentrations must eventually be remediated to cleanup levels derived from BEetinod
cleanup levels to free the property of any future development restriatiomsntreceptors can

be considered protected if indoor air concentrations are somewhat higher than Method B air
cleanup levels.

Indoor air VOC concentrations, fully proteai of the current receptors inside a fiesidential
building, can be calculated by changing the inputs to Equationg @Bd/or 7562, as

applicable, to better reflect exposures to an adult worker. The resulting protective air levels may
be utilized todecide if interim measures are needed, or to phase the site cleanup.

6.6.3 Empirically-based, site-specific VAFs

Chapter 3 discusses two fisourceso for VI atte
groundwater and soil gas recommended by EPA, 2ndAFs calculated by the JEM. At

relatively large sites, some PLPs may choose to empirically derivepstafic attenuation

factors that can then be used to assess impacts to current buildings and dprotedtive

subsurface concentrations. Altlgbuthis alternative mayebapproved by Ecology on a shig-

site basis, PLPs should be forewarned that such an approach is likely to be redenste

and will need, in the end, to be demonstrably conservative for the range of buildings, VI sources,
and subsurface conditions the PLP intends to use the derived values for. A work plan (including
a SAP and QA Project Plan) will need to be prepared, proposing the type of data to be collected,
how those data will be used to estimate attenuation, and leoatténuation estimates will be

used in making site decisions.

6.6.4 Multiple VOCs and pathways of exposure

While for the purposes of explanation it is often simpler to speak as if there is only one
contaminant of interest, there will be many sites wharkipte VOCs pose a vapor intrusion
concern. Viprotective subsurface concentrations for these VOCs can be derived independently,
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as discussed above, but may then need to be adjusted downward, depending on the number of
VOCs and the MTCA Method being empém °’

It should also be kept in mind that although our focus here is on vapor intrusion, the RI/FS must
assess all viable exposure pathways. It is possible that an indoor receptor, breathing air impacted
by VI, may also be exposed to contamination via lagrotoute, such as by drinking groundwater.

In setting RI/FS media cleanup levels, therefore, attention must be paid to total, cumulative site
risk. Where multiple pathways are likely to expose receptors in-anubmally exclusive

manner, cleanup levelselikely to need downward adjustment to ensure that cumulative site
contributed risks are acceptable.

6.7 Institutional Controls

Institutional controls, in the context of vapor intrusion and the MTCA regul&fjans

somewhat like mitigation actions.hat is, they keep (or help keep) receptors from being
unacceptably exposed to-¢bntaminated indoor air, but do not remediate the subsurface
contaminant source. Regulatory requirements for establishing protective institutional controls are
contained in WAC 173340-440. This section of the guidance discusses why certain controls

may be needed at sites where VI is a concern.

Institutional controls are often used to ensure that the building/prapbeing assumed in the
VI assessment and RI/FS continureshe future. While it may not have been necessary to
implement a mitigation system for a commercial use which existed during the RI/FS, for
example, a less restrictive ussuch as future residential developmiemiay require such a
system if the subsface remains contaminated. Changes in use could be related to how long
receptors are exposed to indoor air or the types of receptors exposed (redevelopment of
commercial property for residential use is an example). Usually the institutional control will
need to be effective until the site remedy has resulted in attainment of media cleanup levels.

Il nstitutional controls may also be needed to
create new vapor intrusion problems. The investigator resynae, for example, that a

particular building being used commercially will remain in use without modification (or that if it

is replaced, it will be replaced by another, similar, commercial building). If the building
investigated during the RI/FS is rapkd by a different building in the future, however, or it is
re-modeled, the soil gas impact on indoor air quality could easily be different. Institutional

controls can be devised to make sure that the PLP and/or Ecology is notified if the property
owneris contemplating building changes.

The degree of exposure to-¥#lated contamination may also change in the future even though
the building remains the same, the amount of time receptors spend in the building (and/or the
buildingusg stays the same, dithe type of receptors exposed does not change. This is because

8" The acceptable MTCA risk threshold applies to allgilated contaminants. If there are multiple contaminants,
the potential exists that even if all were to atiatividually protectiveevels the total \Hassociated risk would
exceed the MTCA threshold.
%8 WAC 173340-200 defines institutional controls. WAC 1830-440(4) states that these controls are required
when: media concentrations exceed established Method B cleanup levels; cleanup levels iahedgiabl
Met hod C; an industrial soil c¢cleanup | evel i s establis
assure the continued protection of human health and tFh
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it is possible that some change to the buil
indoor VOC concentrations. For example, the indoor/outdoor air exchange rate that was
assimedi or demonstrated to existat the time the structure was investigated or modeled could
decrease in the future due to remodeling or
conditioning (HVAC) system. Dilution of any VI contributiorsihdoor air would then be

expected to also diminish, with indoor air VOC concentrations increasing as a result. Such an
increase might well go unnoticed if indoor air monitoring were not being condiic&ichilarly,

a commercial building may currentlglunder constant positive pressure (with respect to the
subsurface) and effectively minimizing VI as result. Future HVAC changes could result in a
discontinuation of sufficient interior pressure to maintain this gradient. If so, soil gas intrusion
ratescould increase and impacts to indoor air may become no longer acceptable.

In general, institutional controls will commonly be needed when subsurface contamination poses
a potential VI threat, and

a) actions to reduce source concentrations will either nanpéemented quickly, or will
take a relatively long time to reach clearygals

b) mitigation is required, and

c) Ecology concludes continued operation of, and/or access to, the mitigation system is
needed.

Institutional controls wilklsousually be neededhen subsurface contamination poses a
potential VI threat, and

a) actions to reduce source concentrations will either not be implemented, or will take a
relatively long time to reach cleangpals and

9 Tier Il assessment may conclude that VI is not currently Blenoat a particular building, but many tinies

soil gas is significantly contaminatédhe investigator may not really know why. Low indoor VOC leveésy be
due to some building condition that theilding owneror tenanis under no obligation to aintain Operation of
the HVAC system, for example, may be keeping concentrations at acceptable levels. HVAC systems can control
the amount of outdoor air that is brought into the building. When they are operated at high air exchange rates they
will dil ute whatever impact vapor intrusion has on indoor air quality.

Some HVAC systems can also be designed to indasiive indoor air pressuresnvestigators should
therefore realize that d@oor air in certain commercial buildings, marts of buildingsganbe positively pressurized
with respect to the subsurfaaethe time the buildinflys i n dsbeing samglér If so, it islikely that any
indoor air measurements will indicate that VI is not a problem.

When a Tier Il assessment concludes tingt\dl impacts appear to be acceptably minimal, PLPs and
Ecology must decide if the reason is linkedtauilding condition subject to changén situationswhere the
buil dingds HVAC system is operating rcaof ¥¢OCs@micues as a
to be present in the subsurface, VI jgadential threat andhange toHVAC system operation could lead -
sourcedndoor VOC levels that are unacceptabi/AC systems are commonly operated to efficiently warm,
cool, and ventate their buildings, not minimize VI. They may operate differently at different times of the day, on
different days of the week, and at different times of the year. They are likely to operate somewhat differently
depending on whom the tenant is and vthattenant does inside the building.
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b) no buildings currently exist in the area of the contationabut could be constructed
there in the future.

In addition, controls are also likely to be needed when subsurface contaminatiooidoes
currently pose a potential VI trakto a paicular structure, buthe threat might become
unacceptable were:

a) the use of that structure to change (the types of receptors or exposure durations, for
example),

b) the building to be renodeled or a different building constructed, or

c) the ability of that structure to protect indoor air quality to change (due to changes in
ventilation rates, or the installation of sumps, for example).

The ability of any controls to effectively achieve the protection they are intended to guarantee
must also be factored into Ecologyébés decision
restoratiot i meframeo for the site in question. Rel
commonly be appropriate only at sites where restoration (cleanup level attainment and retirement

of the control) can be rapidly achieved.

6.7.1. Control Mechanisms

To safeguad against future undesirable changes (from a VI standpoint) withmitigated

buildings, or in how they are used or occupied, the Ecology site manager should consider
requiring controls and/or various PL&sponsibilitiesn the site cleanup action plafor

instance, the PLP may be required to monitor indoor air concentrations and/or building
conditions and use until media cleanup levels are attained. If building conditions or use change
before media cleanup levels have been achieved, an action taygbeed to assess the
consequences of the change. The action could be an inspection or investigation and/or the
establishment of new cleanup or remediation levels; it could be mitigation. See WAA2@73
440(8)(c).

When a PLP isunder an orderorcoisendecr ee, i s a ARCRA facilit
permit, or receives a fino further actionodo wun
instruments can contain Yeélated requirements that the PLP must comply with. For example, if
Ecologyconcludes that the PLP should monitor certain building conditions and/or indoor air

guality, a requirement for performing such tasks can be included in the order, decree, or permit.

y
d

Institutional controls will typically also be described in an enviromiaecovenant on the

property. The covenant can establish requirements associated with currently existing buildings,
as well as property (parcels) not presently developed, but vulnerable to VI impacts should
buildings be constructed.
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Appendix A: Acronyms, Abbreviations, Symbols, and Notation
AER or Bs: Indoor/outdoor air exchange rate for a given building

ASTM: American Society of Testing and Materials

C,... Maximum pure vapor concentration at 25°QLM

CAP: Cleanup Action Plan (see WAC 1330-200 and-380)

CLARC: The Ecol ogy TleaxupteveCdne Risk GaiculdRiodatadpase mo s
Ecology: Washington State Department of Ecology

EPA: United States Environmental Protection Agency

FS: Feasibility Study (see WAC 17340-200 and-350)

Hccor HLC: He nr y &ads the antles€form.sSea n t . H
http://www.epa.gov/superfund/health/conmedia/soil/pdfs/papdf

HI: Hazard Index

HQ: Hazard Quotient

HVAC system: a buildingdbs heating, ventil ati
ITRC: Interstate Technology and Regulatory Council

JEM: Johnson and Ettinger Model

kg: kilograms

pa/l: micrograms per liter. Aommon unit for quantifying groundwater contaminant
concentrations

png/m3: micrograms per cubic meter. A common unit for quantifying air and soil gas
contaminant concentrations. Typically air and gas sampling results are reported in either
pg/m3 or pars per billion volume (ppbv).

To convert ppbv to pg/ms3: pg/ms3 = [ppbvMW]/24.45
where MW is the compoundbés mol ecul ar wei gh
MTCA: the Washington State Model Toxics Control Act

MTCA Method B and Method C: two methods described in WAG343 forcalcdating
cleanupevels
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NAPL: nonaqueous phase liquid. LNAPL refers to light NAPLs, less dense than groundwater.
DNAPL refers to NAPLs denser than groundwater.

OSHA: the federal Occupational Safety and Health Administration
PAHSs: polycyclic aromatichydrocarbons
PCBs: polychlorinated biphenyls

PLP: Potentially Liable Person (see 70.105D.
more broadly to refer to the sitebds responsi
conducting VCP and indepdent cleanups, even though these individuals may not have
been designated as PLPs pursuant to a WAGC3#DH00 determination

PQL: Practical Quantitation Limit (see WAC 1330-200)

P,. Vapor pressure of a chemical af@0 Oftengiven in units of atmospheres.

QA/QC: Quality Assurance/Quality Control

Qg: A parameter in the JEM representing the enclosed space volumetric aiaftow

Q..i: A parameter in the JEM representing the volumetow-fiate of soil gas intruding
indoors as a result of pressure gradients.

RCRA: Resource Conservation and Recovery Act

RfC: The inhalation RfC (expressed in units of mg of substaricaifinprovides a continuous
inhalation exposure estimate. The inhalatRfC considers toxic effects for both the
respiratory system (portal of entry) and effects peripheral to the respiratory system
(extrarespiratory or systemic effects). Used in noncancer health asses8ments.

RfD: (expressed in units of mg of substakgdiody weighiday) is as an estimate of a daily
exposure to the human population that is likely to be without an appreciable risk of
deleterious effects during a lifetime. An RfD can be derived fromabserveeadverse
effect level (NOAEL), lowest (LOAEL, or benchmark dose, with uncertainty factors
generally applied to reflect limitations of the data used. Used in noncancer health
assessmenfs.

RI: Remedial Investigation (see WAC 1330-200 and-350)

RISK: Cancer Risk

®Taken from IRIS Iittp://www.epa.gov/ncealiris/help_gues.htm¥rfd
" Taken from IRIS littp://www.epa.gov/ncealiris/help _gues.htmrfd
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RME: Reasonable Maximum Exgure. RME is the highest exposure that can be reasonably
expected to occur for a human or other living organisms at a site under current and
potential future site use.

S: Pure water solubility of a chemical at 25°C
SAP: Sampling andnalysis Plan
SEPA: The State Environmental Policy Act (see WAC-19Y

SH: the inhalation carcinogenic slope factor. A slope factor is an upper bound on the increased
cancer risk from a lifetime exposure to an agent. This estimate is usually edpressis
of proportion (of a population) affected per mg of substance/kg body waegtit

SL: Screening Level. Sdg, for example, is a soil gas screening level. These media screening
levels are advisory numbers; they have no regulatory effect.

SMD: SubMembrane Depressurization, a form of mitigation
SOP: Standar@perating Procedures

SSD: SukSlab Depressurization, a form of mitigation
SVOCs: semvolatile organic compounds

Tier I: a vapor intrusion assessment to determine if subsurface coatimioould be a
potential threat to indoor air quality

Tier Il: a vapor intrusion assessment to determine if subsurface contamination has unacceptably
impacted indoor air quality

TO-15: EPA Toxic Organic Compendium Method for the Determination of VOCAnmbient
Air (EPA/625/R96/010b).VOCs are defined by the Method as organic compounds having a
vapor pressure greater than 0.1 Torr at 25°C and 760 mm Hg. Samplekeatedtin
speciallyprepared canisters and analyzed by gas chromatography/massmspggtro
(GC/MS). TO-15 is the method most commonly used for collecting and analyzing air
samples for VOCs. A similar GC method, -I@A (EPA/625/R96/010b) may also be
utilized under certain circumstances, depending on the analytes of interest.

The fAvommdlke i n -bhrmassBpedirdmeter/ar@lyzer operates is called

the "SCAN" or "FULL SCAN" mode. For many compounds, a SCAN analysis can

easily produce desired reporting limits. For others, however, very low detection limits are
required for compason to healthbased screening or cleanup levels. This can be
achieved by analyzing in Selected lon Monitoring (SIM) mode, where the laboratory
selects the particular m/e ratios that require increased sensitivity during quantification.
Analysis containindpoth a full SCAN GC/MS analysis and a SIM method is possible.

2 Taken from IRIS littp://www.epa.gov/ncealiris/help _gues.htmrfd
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TO-17:EPAToxic Organic Compendium Method for the Determinatiofvofatile Organic
Compounds in Ambient Air Using Active Sampling Onto Sorbent TYBE#\/625/R
96/0101. The sampling procede involves pulling a volume of air through a sorbent
packing to collect VOCs followed by a thermal desorptiapillary GC/MS analytical
procedureThis sorbent tube/thermal desorption/gas chromatogrépsed monitoring
method for volatile organic coropnds (VOCS) in ambient air is sensitive to 0.5 to 25
parts per billion (ppbv) concentration levels. Sorbents are used singly or irsorbkint
packings. Tubes with more than one sorbent, packed in order of increasing sorbent
strength are used to facdte quantitative retention and desorption of VOCs over a wide
volatility range. Higher molecular weight compounds are retained on the front, least
retentive sorbent; the more volatile compounds are retained farther into the packing on a
stronger adsorbenflhe sorbent or sorbent mix tailored for a target compound list, data
guality objectives, and sampling environment, must be selected.

This is commonly the method of choice for collecting and analyzing gas or air samples where
naphthalene is the primaryrm@aminant of concern.

TPH: Total petroleum hydrocarbons
TSD: Treatment, Storage and/or Disposal

URFi: the inhalation unit risk factor for a carcinogen. A unit risk is an uppand excess
lifetime cancer risk estimated to result from continuous expdsuan agent at a
concentration of ug/m® in air.

VAF: Vapor Attenuation Factor. Al so call ed ¢
used to describe the degree of attenuation between a source vapor concentration at a
certain depth and the resulting indoor air concentration of that VOE thle reciprocal
of the attenuation (so that if the concentration attenuates 1000 times, the VAF will be
0.001).

VI: Vapor Intrusion
VPH: Volatile Petroleum Hydrocarbons

VOC: Volatile Organic Chemical, or Compound. This term is defined in WAG3U{B It
includes those carbdmased compounds listed in EPA methods 502.2, 524.2, 551, 601,
602, 603, 624, 1624C, 1666, 1671, 8011, 8015B, 8021B, 8031, 8032A, 8033, 8260B, and
those with similar vapor pressures or boiling points. See WAE340-830(3) for
references describing these methods. For petroleum, volatile means aliphatic and
aromatic constituents up to and including EC12, plus naphthalenethylnaphthalene
and 2methylnaphthiene.

I n this guidance the term AVOCO is used mo
subsurface contamination that may pose a threat to indoor air quality via vapor intrusion.
These substances are identified in Appendix B.

WAC: Washington Administrate Code
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Appendix B: Method B and C Screening Levels for Potential VI
Contaminants of Concern

Substances

Chemicals listed in Table-B were obtained from three sources: (1) the 2002 draft EPA VI
Guidance, (2) the 2005 CaliforaiEPA DTSC VI Guidancé® and (3) a listing ofhose volatile
organic compounds, aefined by WAC 17340-200, which currently have CLARC inhalation
toxicity information/* The substances in Table Brepresent many of the chemicals volatile and
toxic enough to pose a potentiafeat to indoor air quality via the VI pathway.

EPA 2002, Appendix D, describes the compositd.i
as follows:

Under this approach, a chemical is considered sufficiently toxic if the vapor concentration of the

pur e component époses an i ncr emefadresulsliniahoat i me c a
cancer hazard index greater than one... A chemical is considered sufficiently volatile if its
Henryds Law Cdamart/maohor greatsr (US ERA, 198lin our judgment, if a

chemical does not meet both of these criteria, it need not be further considered as part of the
evaluation.

The maximum possible vapor concentration is that corresponding to the pure chemical at the
temperature of interest. In thcase, all calculations were performed at the reference temperature
of 25° C using the equation:

Cmaxwp =S * H * 1000 pg/mg * 1000 L/t

Where: Cmax,vpis the maximum pure component vapor concentration at 25° C
[in pg/m?,
S is the pure componentlsbility at 25° C [in mg/L], and
H is the dimensionless Henrybs Law Cons/
[(mg/L T vapor)/(mg/Li H20)].

3 California Environmental Protection AgenfyalEPA], Interim Final Gudance for the Evaluation and
Mitigation of Subsurface Vapor Intrusion ledoor Air, Department of Toxic Substances Control, December
2004 ; revised in 2005. The Iist of substances is desc
Intus on Pathway. o6 It includes mercury, two PCBs, and cy
chemicals was taken from the EPA 2002 guidance with the addition of fuel oxygenates and two volatile
polychlorinated biphenyl congeners (monochlorobipthang dichlorobiphenyl), substances which under certain
conditions could pose a VI threat to indoor air quality.
" CLARC (Cleanup Levels and Risk Calculations) is asdina database for chemieapecific information related
to the establishment of clegmievels under the Model Toxics Control Act (MTCA) Cleanup Regulation (chapter
173340 WAC). https://fortress.wa.gov/ecy/clarc/Reporting/CLARCReporting.aspx
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To determine if a chemical is sufficiently toxic to potentially pose an unacceptable inhalation
risk, the calculated pure component vapancentrations were compared to target indoor air
concentrations corresponding to an incremental lifetime cancer risk greater {&am aGon
cancer hazard index greater than.one

TableBl i ncludes all the substaneddgnedbpyWAP AG6s anoda
1733402 0 0 a s oandwhav€ GLARC inhalation toxicity informatiomn also includes

three total petroleum hydrocarbon (TPH) light fractiand mercury. Providing a large list of

chemicals in this guidance serves one fundamental perfgadentifies those VOCs which
couldpossiblypose a potential threat to indoor air via VI. If none of the contaminants of

concern at a site are on the list, the site manager and PLP may conduct the RI/FS without

evaluating VI’® If some of the contaimants of concern at the site are on the list, however, the

site manager and PLP should start the VI screening process for those particular substances.

Ecology recognizes there are limitations to presenting a list of chemicals of concern for the VI
pathway For example, the toxicity data for chemicals on the list are being continually re
evaluated and updated by continued scientific inquiry. It is possible, then, that chemicals
included on the list now will later be considered less toxic than currenticigriormation
suggests. Conversely, the inhalation toxicity of some chemicals not included on the list may
later be reevaluated and found to be potentially harmful via VI. Furthermore, some of the
chemicals on this list are seldom found at cleanm@s,sor are unlikely to pose a significant VI

risk unless they are present in the subsurface at high concentrations. However, on balance,
Ecology believes this list provides a useful screening tool, and thus it has been included in this
guidance.

The list of chemicals in Table Bl below is advisory in nature: it is provided to help
determine whether the vapor intrusion pathway may require assessment at a site. Some
chemicals that could potentially pose an indoor air health risk have not been includ€a.
On a sitespecific basis, therefore, Ecology may identify circumstances where it becomes
necessary to consider the volatility and toxicity of chemicals not included in the table.

Screening Levels

Table B1 includes air cleanup levels and shallow groundwscreening levels. It also provides
soil gas screening levels for two measurement depthsslahisoil gas and deep soil gas.
Specifically, substances are provided with their:

“As noted later in the text, while thiosV@Esd ewtreinah wdadn,
under certain circumstances, also contaminate indoor air via vapor intrusion.

®As described abovE PAS6s 2002 guidance refers readers to Appendi
appropriate, volatile chemicals not included intheiT a b | e . Appendi x Dés process of
are volatile enough and toxic enough to pose a potential VI concern appears to be a reasonable process for
determining whether particular VOCs should be considered contaminants of potamtedrcfor the VI pathway.

TableBl does not, however, include substances on EPAS

PAHSs, pesticides, and PCBs, for example, can potentially contaminate indoor air via vapor intrusion when
subsurface concentratis are particularly elevated.
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a) Unrestricted (indoor) air cleanup level, calculated per Method B (fomzmens as well
as nonrcarcinogens)

b) Industrial (indoor) air cleanup level, calculated per Method C (for carcinogens as well as
norrcarcinogens)

c) Groundwater screening level, protective of a Method B air cleanup level (for carcinogens
as well as nofcarcirngens)

d) Groundwater screening level, protective of an industrial air cleanup level (for carcinogens
as well as noftarcinogens)

e) Subslab soil gas screening level, protective of a Method B air cleanup level (for
carcinogens as well as ngarcinogens)

f) Subslab soil gas screening level, protective of an industrial air cleanup level (for
carcinogens as well as ngarcinogens)

g) Deep soil gas screening level, protective of a Method B air cleanup level (for carcinogens
as well as nofcarcinogens)

h) Deep soil gas seening level, protective of an industrial air cleanup level (for
carcinogens as well as ngarcinogens)

The table only includes groundwater screening levels that are greater than sdiobiéty
concentrations. If maximum solubilitymited concentrabns are lower than VI healased
groundwater concentrations, then the substance is not a VI contaminant of potential concern.

The subsurface screening levels in the table are nevsibiildingspecific. Groundwater

screening levels assume thend e at least 1000 times attenuation between shallow

groundwater concentrations (converted to equilibrium vapor phase concentfatiodsindoor

air concentrations. Soil gas screening levels assume there will be at least 100 times attenuation
between dep soil gas concentrations and indoor air concentrations, and ten times attenuation
between sutslab soil gas concentrations and indoor air concentrations.

Ecology recognizes the assumed attenuation factors utilized to calculate the groundwater and soil
gas screening levels are conservative under most circumsfinées.example, the degree of
attenuation between groundwater or deep soil gas and indoor air for certain petroleum
hydrocarbons is likely at many sites to be considerably more than wisatuime@d here. These
compounds often biodegrade in the vadose zone, leading-sladuboncentrations lower than

what would be predicted solely from diffusitdased vertical concentration profiles. See

Chapter 3 for further discussion of this issue.

""These are soil gas concentrations in equilibrium with shallow groundwater concentrations and are calculated using
the VOC6és Henrybés Law Constant (Hcc). Hcc values are
ground water screening levels in TablelBvere adjusted from 25°C values to 13°C values. 13°C is assumed to
better represent average Washington State shallow groundwater temperature.

8 Provided the limitations in Chapter 3 are abided by.
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Table B-1. Indoor Air Cleanup Levels, Groundwater Screening Levels, and Soil Gas Screening Levels

Note: Numeric values are rounded and expressed with two significant numbensinié@tor soil gas value is the screening level $oib-slab measurements; trdenominatorvalue is the screening level fdeepsoil gas measurements.

Method B Method C
_ Indoor Air CUL " GW SL® Soil Gas SI** _ Indoor Air CUL GW SL Soil Gas SL
Risk 3 3 Risk 3 3
S (1g/m’) (g/L) (ug/m’) S (1g/m’) (g/L) (g/m’)

Name of Hazardous Substance 8CAS # c® NC C NC C NC C NC C NC C NC
2-chloro-1,3-butadiene (chloroprene) 126-99-8 NC 3.2 12 32/320 NC 7 25 70/700
acetaldehyde 75-07-0 C 1.1 4.1 530 1900 11/110 41/410 NC 11 9 5300 | 4200 110/1100 90/900
acetonitrile 75-05-8 NC 27 33000 270/2700 NC 60 72000 600/6000
acetophenone 98-86-2 NC 0.008 50 0.08/0.8 NC 0.018 110 0.18/1.8
acrolein (Propenal) 107-02-8 NC 0.0091 2.9 0.091/0.91 NC 0.02 6.4 0.2/2
aaylonitrile 107-131 C 0.037 0.91 16 390 0.37/3.7 9.1/91 C 0.37 2 160 850 3.7/37 20/200
aldrin 309-00-2 C 0.00051 0.32 0.0051/0.051 C 0.0051 3.2 0.051/0.51
benzene 71-43-2 C 0.32 14 2.4 100 3.2/32 140/1400 C 3.2 30 24 230 32/320 300/3000
benzyl cloride 100-44-7 C 0.052 6.2 0.52/5.2 C 0.52 62 5.2/52
bis(2chloroethyl)ether 111-44-4 C 0.0076 26 0.076/0.76 C 0.076 260 0.76/7.6
bromodichloromethane 75274 C 0.0033 0.09 0.033/0.33 C 0.033 0.9 0.33/3.3
bromoform 75252 C 2.3 200 23/230 C 23 2000 230/2300
bromomethane (bromomethane) 74-839 NC 2.3 13 23/230 NC 5 28 50/500
butadiene;1,3 106-99-0 C 0.08 0.91 0.037 0.42 0.8/8 9.1/91 C 0.8 2 0.37 | 0.92 8/80 20/200
carbon disulfide 75150 NC 320 400 3200/32000 NC 700 870 7000/70000
carbon tetrachloride 56-23-5 C 0.17 0.22 1.7/27 C 1.7 2.2 17/170
chlorobenzene 10890-7 NC 8 100 80/800 NC 18 220 180/1800
chlorodifluoromethane (Freon 22) 75456 NC 23000 27000 230000/2300000| NC 50000 58000 500000/5M0000
chloroform 67-66-3 C 0.11 1.2 1.1/11 C 1.1 12 11/110
chloromethane 74-87-3 C 1.4 5.2 14/140 C 14 52 140/1400
chloropropane;2 75296 NC 4.6 12 46/460 NC 10 26 100/1000
cumene (Isopropylbenzene) 98-82-8 NC 180 720 1800/18000 NC 400 1600 4000/40000
dibromochloromethane 124481 C 0.0045 0.22 0.045/0.45 C 0.045 2.2 0.45/4.5
dichlorobenzene;1,2 9550-1 NC 64 1800 640/6400 NC 140 4000 1400/14000
dichlorobenzene;14 106-46-7 NC 370 7900 3700/37000 NC 800 17000 8000/80000
dichlorodifluoromethane (Freon 12) 75-71-8 NC 80 9.9 800/8000 NC 180 22 1800/18000
dichloroethane;1,1(DCA) 7534-3 NC 320 2300 3200/32000 NC 700 5000 7000/70000
dichloroethane;1,2(DCA) 107-06-2 C 0.096 2.2 4.2 98 0.96/9.6 22/220 C 0.96 4.9 42 210 9.6/96 49/490
dichloroethylene;1,1(DCE) 75354 NC 91 130 910/9100 NC 200 280 2000/20000
dichloroethylene;1,2cis (DCE) 156-59-2 NC 16 160 160/1600 NC 35 350 350/3500
dichloroethylene;1,2trans (DCE) 156-60-5 NC 32 130 320/3200 NC 70 290 700/7000
dichloropropane;1,2 78-87-5 NC 1.8 28 18/180 NC 4 62 40/400
dichloropropene;1,3 542-75-6 C 0.63 9.1 1.6 23 6.3/63 91/910 C 6.3 20 16 51 63/630 200/2000
Diisopropyl Ether (isopropyl ether) 108-20-3 NC 180 2900 1800/18000 NC 400 6300 4000/40000
ethyl chloride 75-00-3 C 3 4600 12 18000 30/300 46000/460000 C 30 10000 | 120 | 40000 | 300/3000 | 100000/1000000

¥ Indoor Air Cleanup Level calculated using Eions 7501 (for carcinogensyr 7502 (for carcinogens) defined by MTCA.

8 Ground Water Screeningelcel or that concentration in the groundwater expected to not result in exceedance of the air cleanup level in arsouetlymgnder most circumstances (See Chapter 3 for more information on the appropriate use of thiegdescet. GW SL =

[Indoor Air CUL]/[Hec* a *1000], whereo = 1.0E3.

81 50il Gas Screening Levéiat concentration in the soil gas just benealtuilding (first value) or at 15 foot depth or greater (second value) expected to not result in exceedance of the d@veldaran overlying structure undepst circumstances (see ChaptdéoBmore
information on the appropriate use of thesesoing évels). Soil Gas SL drfidoor Air CUL]/[a], wherea = 0.1 or 0.01, depending on the depth of the soil gas sample to be compared to.

82 Chemical Abstracts Number.

BHACo refers to the

substanceos

t o x i c-catcipogens a

carcinogen;

iNCo
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Table B-1. Indoor Air Cleanup Levels, Groundwater Screening Levels, and Soil Gas Screening Léveiginued)

Method B Method C
: Indoor Air CUL GW SL Soil Gas SL . Indoor Air CUL GW SL Soil Gas SL
Risk 3 3 Risk 3 3
el (ug/m’) (ug/L) (ug/m’) S (ug/m’) (ug/L) pg/m’)

Name of Hazardous Substance CAS # C NC C NC C NC C NC C NC C NC
ethylbenzene 100414 NC 460 2800 4600/46000 NC 1000 6100 10000/100000
ethylene dibromide (EDB) 106934 C 0.011 0.16 | 0.74 10 0.11/1.1 1.6/16 C 0.11 0.35 7.4 23 1.1/11 3.5/35
ethylene oxide 75-21-8 C 0.025 1.6 0.25/2.5 C 0.25 16 2.5/25
hexachlorobutadiene 87-68-3 C 0.11 0.81 1.1/11 C 11 8.1 11/110
hexachloroethane 67-72-1 C 0.63 8.6 6.3/63 C 6.3 86 63/630
hexane;n 11054-3 NC 320 7.8 3200/32000 NC 700 17 7000/70000
hydrogen cyanide 74-90-8 NC 14 390 14/140 NC 3 860 30/300
mercury (elemental) 743997-6 NC 0.14 0.89 1.4/14 NC 0.3 1.9 3/30
methacrylonitrile 126-98-7 NC 0.32 56 3.2/32 NC 0.7 120 7170
methyl ethyl ketone 78933 NC 460 350000 4600/46000 NC 1000 760000 10000/100000
methyl isobutyl ketone 108101 NC 32 11000 320/3200 NC 70 24000 700/7000
methyl methacrylate 80-62-6 NC 320 46000 3200/32000 NC 700 100000 7000/70000
methyl tert-butyl ether (MTBE) 163404-4 C 9.6 1400 | 610 | 86000 96/960 14000/140000 C 96 3000 | 6100 | 190000 | 960/9600 30000/300000
methylcyclohexane 108-87-2 NC 1400 570 14000/140000 NC 3000 1300 30000/300000
methylene chloride 7509-2 C 5.3 1400 94 24000 53/530 14000/140000 C 53 3000 940 53000 | 530/5300 30000/300000
naphthalene 91-20-3 NC 14 170 14/140 NC 3 360 30/300
nitrobenzene 98953 NC 0.27 690 2.7127 NC 0.6 1500 6/60
nitropropane;2 79469 C 0.00093| 9.1 0.36 | 3500 | 0.0093/0.®3 91/910 C 0.0093 20 3.6 7700 0.093/0.93 200/2000
styrene 100-42-5 C 4.4 460 78 8200 44/440 4600/46000 C 44 1000 780 18000 | 440/4400 10000/100000
tetrachloroethane;1,1,1,2 630-20-6 C 0.34 7.4 3.4/34 C 3.4 74 34/340
tetrachloroethane;1,1,2,2 79-34-5 C 0.043 6.2 0.43/4.3 C 0.43 62 4.3/43
tetrachloroethylene (PCE) 127-184 C 0.42 16 1 40 4.2/42 160/1600 C 4.2 35 10 88 42/420 350/3500
toluene 108-88-3 NC 2200 15000 22000/220000 NC 4900 33000 49000/490000
trichloro-1,2,2trifluoroethane1,1,2 (Freon 113) 76-131 NC 14000 1100 140000/1400000| NC 30000 2400 300000/3000000
trichlorobenzene;1,2,4 120-82-1 NC 91 3900 910/9100 NC 200 8400 2000/20000
trichloroethane;1,1,1(TCA) 71556 NC 4800 11000 48000/480000 NC 11000 25000 110000/1100000
trichloroethane;1,1,2 79-00-5 C 0.16 7.9 1.6/16 C 1.6 79 16/160
trichloroethylene (TCE) 79-01-6 C 0.1 16 0.42 67 1/10 160/1600 C 1 35 4.2 150 10/100 350/3500
trichlorofluoromethane (Freon 11) 75694 NC 320 120 3200/32000 NC 700 260 7000/70000
trimethylbenzene;1,2,4 95-63-6 NC 2.7 24 27/270 NC 6 52 60/600
trimethylbenzene;1,3,5 10867-8 NC 2.7 25 27/270 NC 6 54 60/600
vinyl acetate 108054 NC 91 7800 910/9100 NC 200 17000 2000/20000
vinyl chloride 75014 C 0.28 46 0.35 57 2.8/28 460/4600 C 2.8 100 35 120 28/280 1000/10000
xylene;m 108-38-3 NC 46 310 460/4600 NC 100 670 1000/10000
xylene;o 95-47-6 NC 46 440 460/4600 NC 100 960 1000/10000
VPH [EGSb aliphatics + EC® aliphatics] faction NE NC 140 NC 310
VPH [EGR0 aliphatics + ECAI® aliphatics] fraction NE NC 2.9 NC 6.4
VPH [C&0 aromatics + ECHI2 aromatics] fraction NE NC 1300 NC 2800
[naphthalene]

APH [EGCB aliphatics] fraction NE NC 2700 27000/270000 NC 6000 60000/600000
APH [ECGA2 aliphatics] fraction NE NC 140 1400/14000 NC 300 3000/30000
APH [EGA0 aromatics] fraction NE NC 180 1800/18000 NC 400 4000/40000
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Appendix C: Soil Gas Sampling for VI Assessment

This appendix summarizes techniques and methods for sampling soil gas during a vapor
intrusion (V1) assessment. It is comprised of the following four sections:

C.1 Subslab soil gas sampling

C.2 Soil gas sampling (not sikab)

C.3 Passive soil gaampling.

C.4 Sources of information for soil gas sampling.

This appendix is intended to provide an overview of information regarding soil gas sampling that
investigators should be aware of when developing sampling plans and assessing study data.
Much moe information is available in the open literature and should be consulted prior to
undertaking a sampling program. For example, this appendix does not contain Standard
Operating Procedures (SOPs) for sampling soil gas. Including such a large amount of
information is beyond the scope of this guidance document. For additional information on these
and other topics, consult the references in Section C.4.

Introduction

During the Tierl assessment the investigator is attempting to determine if soil gas catioest

at the site are high enough to pose a potential threat to current or future indoor air quality. At
this point in the investigation there are typically no indoor air data. Usually there are
groundwater and soil concentration data, and these lgreused during the Preliminary
Assessmerit to conclude that VI could possibly be a pathway of concern.

Chapter 3 states that during Tier | soil gas sampling can be used to estimate the strength of the
subsurface VI source. Factivesamplingi i.e.,sampling techniques that collect a certain
volume of soil gas and analyze it to determine concentratitimsre are two basic approaches:

a) subslab sampling, and

~

b) sampling from I-sktabidons that are not #fs

Subslab soil gas sampling is disgsed below in Section C.1; other active soil gas sampling is
described in Section C.2

During a Tierll investigation soil gas is also often collected, generally at, or at nearly, the same
time as indoor air samples. Typically, these will be-slalb samfes. The purpose of sampling

soil gas during the Tier Il investigation is to provide information that will better help
approximate the contribution VI is making to the measured indoor air contamination. This is
explained further in Section C.1.
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C.1  Subslab soil gas sampling

Subslab sampling is generally considered the sampling of soil gas immediately below the

buil dingds basement fIl oor emgrasd). aNhile(tis possible b ui |
to collect soil gagt depthbelowa build ngdéds sl ab, this is -slabt c¢commo
soil gas sampling is referred to in this appendix, collections just below the slab are a3%used.
distinction is important because the assumptions made abattehaation osoil gas

concentrationsire different for deeper soil gas

Likewise, soil gas samples can certainly be collected from just below pavement or other surface
cover, beyond the footprint of the building of concern. But these samples arkatas being
referred to here asub-slab.

Sub-slab samplingthen,can only be conducted if there is@lding. If the purpose of soil gas
sampling is to determine the potential for VI
building is currently in the area being assessed, imadstis will need to use the techniques

described in Section C.2 to collect soil gas samples.

Someinvestigators will choose to not collect sslab soil gas samples during TlerCollecting

these samples requires that the investigator go indoors, peurifssion is obtained for

accessing the interior of the structure, often the investigator will want to also collect indoor air
samples. When stdlab samples are collected concurrently with indoor air samples, this is what
the guidance calls a Tier Il ssssment.

During Tier Il the investigator is attempting to determine if indoor concentrations within a
building are unacceptably elevated due to VI. At this point in the investigation there are
typically no indoor air data, but there may be soil gaa.datsually there are groundwater and/or
soil concentration data. The existing subsurface data have beendis@th the preceding Tier

| T to conclude that VI could potentially impact the indoor air in a particular building located in a
particular area

It is possible that the type of soil gas sampling conducted during Tier 1l will not bstetub
sampling. Some building owners, for example, may not give the investigator permission to drill
holes through the buil di n tygesofsailgas bamplingthatwil v e r |
supplement a Tier Il indoor air sampling event will be-slalb sampling. These samples are
collected to provide the investigator an idea of how high the soil gas VOC concentrations are
directly below the building. Bm this information the investigator can better determine if the
VOC levels measured indoors are due to VI or more likely caused by other sourceslafives
levels of VOCs in suislab soil gas sampling results can also be compared to indoor
measuremest For example, if compounds A and B are found ingdab soil gas at a
concentration ratio of 10:1, one would expect a similar ratio in the indoor measurement, in the
absence of contributions from other sources.

Subslab soil gas sampling conducted dgriTier Il is similar to that described for Tier |
assessments. The primary differences are that: a) during Tier Il the soil gas result(s) is not the
only, or even primary, piece of information for making the assessment decision; and, b) the
timing of sampling, and number of sampling events, are governed by the indoor air sampling
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schedule. When sedlab sampling is coupled with indoor air sampling,-slat samples are
often collected the day immediately before or after the indoor sampling evenmercases,
though, the investigator may choose to collect both indoor anrdlablsamples over the same
period, if the collected soil gas volume is small.

Ecology recommends that sgtab samples be collected via small holes through the flooring
near the enter of the floor space, away from perimeter locations where exterior walls meet the
floor.®* See Figure € below. Prior to drilling holes in the slab, local utility companies should
be contacted to identify and mark utilities coming into the buildiagfthe outside (e.g., gas,
water, sewer, refrigerant, and electrical lines). Local electricians and plumbers may need to be
consulted to identify the location of utilities inside the building.

Figure C-1. Dirilling through a concrete slab using a rotay hammer drill (EPA
2006)

E P A6 s Assésghent of Vapor Intrusion in Homes Near the Raymark Superfund Site Using
Basement and Stddab Air SamplePA/600/R015/147, provides a protocol for obtaining sub
slab soil gas samples that many guidashmeumeis endorse. Some of the more critical-stdb
sampling guidelingscontained in most VI guidancare listed below:

a) Subslab samples should not be collected if groundwater is so shallow that it contacts the
floor/slab.

8 This recommendation refers the room that is being sampled. Often the investigator will be samplirgjatub
soil gas beneath more than one room. There will also be cases where, because of the size of a basement, e.g.,
multiple subslab locations will be sampled. In all thessesit is generally preferable to site the sampling

| ocations away from exterior walls and -ainycdil oiomdgd& | madu

for the collection.
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b)

C)

d)

f)

9)

h)

Subslab samples should not beleated from areas in the immediate vicinity of sldb
underground utilities.

Subslab samples should not be collected from areas in the immediate vicinity of large
floor cracks or drains, or near sumps.

The number of sullab samples needed dependshensize of the slab/floor, the

expected lateral homogeneity/heterogeneity of VOC concentrations in soil gas
immediately below the floor/slab, and the intended use of the data. In Tier | the accuracy
and representativeness of the resulting data are triinae the investigator will be

relying onthese data to decide if soil gas poses a potential VI threat. Multiple sampling
locations will usually be required to ensure that the range e$lailbsoil gas VOC levels

have been represented in the resultiata.

The choice regarding how long a period the sample should be collected over will, again,
depend to some extent on what the investigator intends to do with the data. It will also
depend, if the measurement is intended to represent something likerageasuislab

VOC concentration over an extended period (like 8 or 24 hours), on how much the
investigator expects VOC concentrations to change over the period. If there are data to
demonstrate, or it can be reasonably assumed, that little changdyisdikelatively short
collection time should be acceptable.

The volume of sample collected will also dependhow the resulting data will be used.
The sample volume is, at least indirectly, related to the period of time that the collection
will occur over. Small volume collections have the advantage of sampling soil gas from
only the point the investigator has chosen to measarggases from distal locations are
less likely to be collected in the sample. However, in order to attain detectiandsnit

low as applicable screening levels, larger volumes will sometimes be required.

For basements, it is possible that the primary entry points for vapors may be through the
sidewalls rather than from below the floor. Siab sampling may therefore naedbe
augmented with samples collected through the basement walls.

Subslab soil gas sampling techniques are prone to the inadvertent collection of indoor

air, entering the slab hole during the sampling period. Some leakage may occur despite
theinvestigh or 6 s best efforts to s éamandtiekladb gap be
hole, providdock-tight fittings throughout the sampling apparatus, and minimize the

sampling flowrate. For this reason efforts are typically taken as part of project QA/QC to
determine how much indoor air may have entered the sample duringséasub

collection. Often this is accomplished by shrouding the sample collector, apparatus,

probe, and hole, and then delivering a tracer compound to the shrouded air volume.

When the sanip is analyzed the tracer compound can also be quantified, providing an
estimate of how much indoor air may have entered the sample. See Fgjed@y
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Figure C-2. Tracer gas applications when collecting soil gas samples (NYDOH,

2006)

i) Subslab sampms can be collected from permanent or temporary probes. An advantage

of the former is that these probes may be easier to seal within the slab hole and thereby
leakage of indoor air into the sample may be minimized. Permanent probes are also
usually prefered when the investigator believes that multiple soil gas sampling events

will be needed. If permanent probes are utilized it is imperative that the probes be valved

or capped off when not in use. Similarly, if temporary probes are used, the investigato

must be sure to repair the slab hole in a manner that prevents the hole from being a soil

gas conduit.

Ageneralsuis | a b

probe

nstal l

at

i on schemat

Figure G3 on the following page. Note thiie dagram does nahow a valve;he

preferred probe installation (see EPA 2006) utilizes a recessed threaded cap. However, if

site conditions demand that the probe be valved, arghirvalve must be used and
maintained in the closed position at all times (except dwamgpling).

J) During Tier I, subslab soil gas samples are being collected without indoor air samples,

c

and the resulting concentration data will be the primary inputs to the decision regarding
the potential for a VI problem. Multiple separate sampling Bsveray therefore be

necessary to assure that representative soil gas conditivadeen measured. At least
one sampling event should be scheduled when the building is likely to be depressurized

(with respect to the subsurface). Often this event isdsiddeé for the winter heating
season, when temperatures inside the building are significantly higher than outdoor air

temperatures.
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Figure C-3. Subslab soil gas probe schematic (NJDEP, 2005)

k) QA/QC is important whenever sampling soil gas for a VI assest. It is especially
importantduring Tier | subslab soil gas sampling because the results, as noted above,
will be the main inputs to the decision regarding the potential for a VI problem. Data
guality indicators should be identified in advanceafsp | i ng, wi th qual ity
established for each parameter.

C2 Solgasampling from | osdaaabons other than oO0sub
Soil gas samples coll ect-eldabbad oimndlowcde:i ons t ha
AQ)Sampl es of soil gas col | Elootoeslab foed baildingt he bu

constructed slabn-grade), butit depth This is not commonly performed during either a
Tier | or Il assessment.

(2) Soil gas samples collected from below pavement or other surface cover, beyond the
footprint of the building bconcern, regardless of the depth.

(3) Soil gas samples collected below uncovered areas, beyond the footprint of the building of
concern, regardless of the depth.

(4) Soil gas samples collected in areas where there are currently no buildings, regardless of
the deth.

Investigators will often choose to collect Tier | soil gas samples outside the building of concern,
beyond the buildingds footprint. These sampl
driven into the gr ound,atter genetalycamnsists bf smaall diaaeter r i w
(1/80 to 1/ 406), 1 ner tandsealal mtoaborefoleWhenthesee ubi ng

Appendix15



types of soil gas samples are collected dufireg I, the sampleshouldbe collected very close
to the building, lgerally®

Ecology recommends the following three documents as references when developing site soil gas
sampling plans:

o0 The revised California (DTSC and the California Regional Water Quality Control Board)
Active Soil Gas Sampling AdvisorOTE: the 203 Advisory is due to be revised in
2010.

o Appendi x D and Appendix F of the Interstat
(1 TRCO6s) Jvapoulrdrusipn Patbvday: A Practical Guideline.

o Chapter 6 and Appendix | of the New Jersey Department of Emrieon t a | Protect.i
( NJDEPOs) Vapordntriesion GhiBaddsand chapter 9 of NJDEP's 2005
Field Sampling Procedures Manual.

Good discussions of soil gas sampling are also contained in the documents listed in Section C.4.
Some of the more criticaloil gas sampling guidelines, contained in most VI guidance, are listed
below:

a) Asa general rule, soil gas samples should be collected just above the contaminant source.
Samples collected near the source often display less spatial variability in measured
concentration levels, and investigators can usually sample from a relatively small number
of points (laterally). When samples are collected from shallower depthssepeltated
in distance from the source, Ecology will generally require a larger nushletiection
pointslaterally.

Ecology realizes there are some obvious advantages to sampling shallow soil gas,

especially when the VI sourtesay groundwater is at depth. Shallow samples have the
potential to provide an indication of how much atiin has actually occurred over the

portion of the vadose zone between the source and the measurement point. The actual
amount of attenuation may be significantly different than what is being assumed in

Ecol ogyds Appendi x B sbythelehnsomagd Bitiegerenbdel. or ¢
Plus, shallower samples may provide an indication of how concentrated soil gas VOCs

are at a location nearer the building of concern, which is valuable information.

Despite these advantages, however, the currerntevature suggests that there can be
wide spatial variability in measured soil gas concentrations. This seems to be particularly

8 Of course this only applies when assessing existing buildM&®n assessing parcels without buildings the
investigator will need to provide adequate sampling coverage over the entire parcel, or bias the sampling to collect
soil gas from the most highlgontaminated areas beneath the parcel.

In addition, because buildjs often have a drain next to the foundation, samples may need to be-ttagp&dm
the building to avoid these drain systems (but not so far as to no longer be representative of soil gas beneath the
building. A setback of several feet from the buitd wall is recommended unless the building plans or persons
with knowledge of the foundation construction provide information that would indicate another distance is more
appropriate. As always, investigators should be sure to identify and mark thensadtunderground utilities.
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the case when the samples are collected distal from the subsurface source, at shallow
depths. For this reason Ecology wiluadly require a denser sampling design, laterally,
for shallow sampling than for sampling conducted nearer the source.

b) Dueto the possibility of diluting the collected soil gas with atmospheric air, samples
should seldom be collected from depths shallavan five feet bgs (or less than two to
five feet below the depth efl atblbe sfaonpnd ceast. i o
will also minimize barometric pumping effe&s.

c) When the subsurface VOC source is close to the ground surface or baseanent flo
samples should be collected right above the top of the contamination. But samples
collected from depths this shallow (assuming they are not collected directly below the
building), may not represent soil gas at the same depth directly below the dpbibtig
evaluated. Whenever relatively shallow samples are collected beyond the building
footprint, the potential exists for underestimating soil gas concentrations immediately
below the building. The uncertainty associated with adequately represenitiggss
concentrations just below the building increases as shallow samples are collected further
from the building of concern.

d) The number of soil gas samples needed to assess a building or area will depend on a
number of factors. As explained above, lBgy will typically ask for more samples
when the sample locations are relatively shallow. In general, the number of samples
should be dictated by: a) the degree of spatial heterogeneity expected in soil gas VOC
concentrations, and b) the use the dathbeiput to.

e) Soil gas samples can be collected over very short time periods, and small sample volumes
may be selected to better represent the soil gas concentrations at a discreet depth and
location. The collection period and volume at any given sidf@nany given project
will depend on why the soil gas is being collected and how the data will be used. If the
soil gas is collected over a short interval, investigators should not also utilize high
sampling flowrates. Higher flowrates may exacerbatbiant air leakage into the
sample. Investigators taking quick samples should also have a reasonable degree of
confidence in the temporal stability of soil gas concentrations (for example, a lack of
diurnal variability) at the sité or be able to seleein interval when VOC concentrations
are expected to exhibit nearaximum values).

If the volume of soil gas collected is small, the investigator will need to make sure that
the analytical detection limits will be low enough to meaningfully compare thésé¢s
screening levels. There will also have to be more attention paid to selecting the proper
purge volume. When collection volumes are small and/or sampling flowrates fast,

8 3S0il gas sample at depths shallower than 5 feet below the ground surface can sometimes be collected from a
location below an impermeable slab, such as some driveway and parking lot covers, or a garaje floor.
Cal i f guidanceaxgc@mmends that soil gas not be collected following a significant rain event. So does New
Jerseyds (fAsizable rainfalld). Massachusetts agrees wi
building footprint.
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purging the desired amount of collected gas before collecting a sample seoonee
critical to assuring properly representative data.

f) Two or more separate soil gas sampling events may be necessary before concluding that
the VI potential is too weak to merit further assessment. This will depend on a number of
factors. For exampl repeat sampling may be indicated if: a) measured soil gas VOCs
are below, but close to screening levels; b) a fairly small number of locations were
sampled the first time; or, c) the investigator believes there could be considerable longer
term tempork(e.g., seasonal) variability in soil gas VOC concentrations at the depth
being sampled, and the first sampling may not have represented average concentrations
with a high degree of confidence.

g) Generally, irrespective of the data use, Ecology recomméati;vestigators not collect
soil gas samples during or immediately following a heavy rain. From a practical
standpoint it may be difficult to even collect samples during such adverse weather
conditions. From a data quality perspective, the filling efitadose zone soil pores with
water will confound the question of how representative the measured soil gas
concentrations are of those concentrations generally forming the VI source beneath the
building®”

h) Like subslab sampling, soil gas sampling conddaveitdoors is prone to the inadvertent
collection of air, entering the bore hole during the sampling period. This leakage may
occur despite the investigatorods best effo
and the hole, provide logkght samplig apparatus fittings, and minimize the sampling
flowrate. Leakage testing is therefore typically performed to determine how much
ambient air may have entered the sample during the soil gas collection period. Often this
is accomplished by using the saraehniques discussed above for-stdb sampling.

i) Like subslab samples, outdoor soil gas samples can be collected from permanent or
temporary probes. The same advantages and disadvantages discussed abogéafor sub
sampling generally apply. See Figsi@4 and G5 on the following page for a
schematic and photograph, respectively, of typical, permanent, soil gas sampling probe
installations. Note: the diagrams in Figur& @o not show how the top of the probe
(and/or sampling tubing) is closed wheot being sampled. If the top of the probe is
valved <), an airtight valve should be selected and then maintained in the closed
position (except during sampling).

J) QA/QC is important during soil gas sampling, and particularly during Tier I, because the
results will be the main inputs to the decision regarding the potential for a VI problem.
Data quality indicators should be identifi
established for each parameter.

8Cal i f guidanceardcammends that soil gas not be collected following a significant rain event. So does New
Jerseyds (fAsizable rainfalld). Massachusetts agrees wi
building footprint.
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Figure C-4. Soil gas pobe construction diagram(Missouri Risk-based Corrective
Action for Petroleum Storage Tanks,Soil Gas Sampling ProtocoApril 21, 2005)
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C.3. Passive soil gas sampling

The type of soil gas sampling described above utilizes vacuum to pull vapors into a container. A
sample from the containes then analyzed by an oar off-site laboratory. However, several

devices are available that rely on soil gas contact with a special adsorbent matrix. These devices
are placed into the subsurface environment for a pefitiche, retrieved, and then gdyack to

the vendor for evaluation of the VOCs sorbed to the matrix. Results are usually quantified in
units of mass, but the vendor can often estimate VOC strength in terms of soil gas concentration.

Passive samplers offer certain advantages to thetigats. They can be placed and left for

several days, thereby providing an integrated type of measurement over a period longer than the
periods typical ohctivesoil gas sampling. Plus, once in place they exert few influences on the
subsurface environmerfor deeper soil gas locations this may be an attractive feature. If an
investigator wants to know the concentration of VOCs in soil gas at a particular location, deep in
the vadose zone, he essentially wants to know what effect diffusion from the \W@€ below

has had on those concentrations. The assumption is that this concentration has not been
influenced by any advective flow of soil gas, only diffusion from the surrounding environment.
Actively fApullingo a s amp lseredsureoomthe emirecnmehte pt h
that would not otherwise be there and the resulting advective flow of soil gas may have some
effect on the representativeness of the sample concentration. Passive sampling can also be
conducted relatively cheaply, can be dseld in tighter and wetter soils than active methods,

and can often detect the presence of some SVOCs better than active methods.

Nevertheless, Ecology does not recommend that passive soil gas samplers be used routinely for
VI assessments, or that theywbewed as substitutes for active soil gas sampling. Most state
guidances consider their results to be more qualitative orcpeanititative than quantitative, and

will not accept them as the primary line of evidence that soil gas concentrations are timo low
serve as a threat to indoor air quality. They may, however, be useful tools for specific
applications (as described above) and PLPs and site managers interested in finding out more
about these devices should refer to ITRC (2007) and the followinges$firc

e USEPA Environmental Technology Verification Rep&@uil Gas Sampling Technology,
GORESORBER Screening Sur@&PA/600/R98/095; August 1998)

e USEPA Environmental Technology Verification Rep&@uil Gas Sampling Technology,
EMFLUX Soil Gas Syste(EPA/600/R-98/096; August 1998)

e Gore™ module for passive soil gas collectioriét L. Gore & Associates

o Emfluxpassive samplers Beacon Environmental

8 Ecology is not endoiisg any particular produair company listed herejmnd is not intentionally excluding any
vendors of sampling deviceat this time, however, we are aware that the resources we have listed here can
provide further information abowapor sampling deviceduring VI assessmentRefer to the Disclaimer of this
guidance.
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C.4.

Sources of information for soil gas sampling

The following documents contain excellent discussions of soil gas sampling:

American Petroleum Institute (API), November 2005, Collecting and Interpreting Soil
Gas Samples from the Vadose Zone (#4741). See chapter 5 and appendix C.

ASTM D531492, Standard Guide for Soil Gas Monitoring in the Vadose Zone (2001).

California Environmental Protection Agency, Department of Toxic Substance Control
(DTSC), February 2() Guidance for the Evaluation and Mitigation of Subsurface
Vapor Intrusion to Indoor Air. See Appendix G.

California EPA (DTSC) Advisory for Active Soil Gas Investigations. As noted above,
the 2003 Advisory is due to be revised in 2010.

H&P Mobile Geoce mi st ryds r evi sstadSol\apouStandard?2 0 0 4
Operating Procedures (for VI Applications).

Interstate Technology and Regulatory Council (ITRC), January 2007, Vapor Intrusion
Pathway: A Practical Guideline. See appendices D and F.

MassachuseitDepartment of Environmental Protection, August 2008, Standard
Operating Procedure for Indoor Air Contamination.

Missouri Department of Natural Resources, April 21, 2005, MissouriBasled
Corrective Action (MRBCA) for Petroleum Storage Tanks, Soil Saspling Protocol.

New Jersey Department of Environmental Protection (NJDEP), October 2005, Vapor
Intrusion Guidance. See chapter 6 and appendix .

New Jersey Department of Environmental Protection (NJDEP), 2005, Field Sampling
Procedures Manual. See pler 9.

New York State Department of Health, October 2006, Guidance for Evaluating Soil
Vapor Intrusion in the State of New York. See chapter 2.

USEPA ERT, June 1996, Soil Gas Sampling SOP (#2042).

Sub

USEPA, 2006, ARAssessment otie ReymarloSupedfund r usi o
Site Using Basementand Sebl ab Ai r Sa mpolLl5&47). ( EPA/ 600/ R
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Appendix D: The Johnson and Ettinger Vapor Intrusion Model (JEM)

US E FOAline Tools for Site Assessment Calculaticebsité® notes thatisnce fAvapor
intrusionisgpar ticularly difficul tlevgd mddél waftgn t 0 assess
employed to determine if a potential indoor inhalation exposure pathway exists and, if such a

pathway is complete, whetherlehge r m ex posure i ncreasersr the occ
other toxic effects to an unacceptable level. A popular screémwedalgorithm currently in

wide use in the United States, Canada and the U.K. for making such determinations is the

6Johnson and Ettinger66éo model (JEM).
The website further statétshat t he JEM i s a fdAsimplified model
pat hway into buildings. o0 I't fAhas become incr

over the last 10 years and several manuscripts have been published on its use... Briefly, the

model is a onglimensional analytical solution, which incorporates both advection and diffusion
transport mechanisms to produce a-@ssattenuation factarThis attenuation factdtis a

measure of how soil and building properties limit the intrusfoorganic vapors into overlying

buildings and is defined as the concentration of the compound in indoor air divided by the
concentration of the compound in soil gas or groundwater. Chemical concentrations in

groundwater will attenuate more than chemicalsail gas due to the added limitations imposed

by massdransfer across the capillary fringe. Tiaeger the attenuation factor produced by the

model, thegreatert he i ntrusion of vapors into indoor ai

In this appendix several aspects of VI assessmedehmg are discussed:

e JEM assumptions and restrictiShs
e Default and nordefault inputs for the JEM

e Instructions for using the JEM to predict indoor air VOC concentrations during VI
assessment

¢ Instructions for using the JEM to obtdinilding-specificgroundwater and soil gas
concentrations protective of the VI pathway

8 http://www.epa.gov/athens/learn2model/p@vo/onsite/JnE_lite_forward.htm
% Sometimes denoted adn this document we use the abbreviation, VAF.
“IIn this appendix it is assumed that the investigator is using the JEM if any VI modeling is performed. If a model
other than the JEM is being considered, Ecology recommends that the PLP contact tye $teofoanager in
advance to discuss its suitability.
EPA versions of the executable JEM can be found at:
(http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettitiq) and at theffice of Research and
Development, Athens, Georgia, websitét://www.epa.gov/athens/learn2model/pavb/onsite/InE_lite.htin
The former provides M fiscreeni ngd and fAadvancedo spreadsheets fo
groundwater, soil, soil gas, and NAPL. The latter provides dmercalculator for groundwater and soil.

Appendix22


http://www.epa.gov/athens/learn2model/part-two/onsite/JnE_lite_forward.htm
http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm
http://www.epa.gov/athens/learn2model/part-two/onsite/JnE_lite.htm

Model assumptions and restrictions

The JEM is a handy VI assessment tool and Ecology endorses its use during Tier | screening.
But, like other models, it applies algorithms to generatgltsesand these algorithms require that
assumptions be made about a host of site and building conditions. In some cases, these
simplifying assumptions lead to estimates of attenuation (between the subsurface and indoor air)
that are conservative. Howey#hris is not always the case. Site complexity can also challenge
the conservativeness of results, and users of the model must always take into account the
differencegzbetween the site and building being modeled and what the JEM was designed to do,
and na do.

The JEM assumes that soils in the vadose zone are relatively homogeneous and isotropic, though
horizontal layers of consistent soil types can be accommodated (with advanced versions of the
spreadsheet model). Both diffusive and convective tranppmrésses are assumed to be at

steady state. Neither sorption nor biodegradation is accounted for in the transport of VOC vapor
molecules.

Nearsurface sources of contamination and very shallow ground water can be a problem for the
model. EPA (2002) stas that the JEM should not be used if subsurface vapor sources exist
shallower than five feet below the foundation. EPA also notes that the top of the capillary fringe
must be below the bottom of the bui tadnothe 6 s f |
wetting the foundation). Otherwise, predictions may not be conservative. In addition, EPA

cautions model users against:

e Accepting JEM predictions when there are sumps in the basément;

e Using the JEM to predict indoor air levels within buildinggh crawlspaces, earthen
floors, or stone floors;

e Using the JEM to predict indoor air levels for fractured unsaturated zone geology;

e Using the JEM to predict indoor air levels within buildings where the air exchange rate is
considerably lessthan0.2Bp hour , or when the buil dingds
differential is greater than 10 Pascals;

¢ Assuming that the model wil/l Afito site con
movement of subsurface VOCs. The JEM model only considers verticalaiffiusm the
source. Significantly different permeability contrasts between vadose zone layers may
cause lateral flow that the model will not approximate;

““Theuncertainty in determining key model parameters and sengitif/the JEM to those key model parameters is
qualitatively described in Table-@ of EPA, 2002A list of model input parametefer buildingrelated
properties, generally considered reasonably conservatiyapigded in Table & (EPA, 2002).

% Dependhg on the sump construction and purpose, it may not be conservative to rely upon JEM predictions of
indoor air quality. The model assumes there are no significant preferential pathways for vapors crossing the
basement/first floor slab.
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e Using the JEM if the capillary fringe is likely to be contaminated and there are large
fluctuations n water table elevations. The JEM assumes the capillary fringe is not
contaminated, a poor assumption if shallow ground water is contaminated and the water
table fluctuates significantly;

e Accepting the accuracy of JEM predictions when +semface vadoseone soils are
gravel, gravelly sand, or sandy gravel. Model defaults may not assure conservativeness in
this event;

¢ Assuming that the model wil/l Afito site con
ambient/building pressures and soil gas flowréites where a steady state assumption is
unlikely to be conservativesuch as during a passing weather front). Prediction
uncertainty may increase as these rates and pressure differentials stray from what the
model assumes and a n vafuesYaistoadegquatelyrdpresemthe c hang
effects of these parameters on those indoor air VOC concentrations the user is most
interested in determining;

e Using the JEM groundwatéo-indoor air spreadsheets at sites with LNAPL; and,

e Using the JEM soito-indoor air spreadsheets. Although models such as the JEM have the
ability to predict indoor air concentrations from VOC sources in subsustalse
significant uncertainty may be associated with these predictions. At this time, therefore,
EPA and Ecology a not recommend that investigators rely upon JEM predictions when
the VI source is VOCs in vadose zone sbils.

The reader is directed ®®HP A8@ser 6 s Gui d gSubsarface Fapar Intnuaidn iinto
Buildings(EPA, 2004)andDraft Guidance for Evaluating the Vapor Intrusion to Indoor Air
Pathway from Groundwater and SofSPA, 2002Xor a full dscussim of these limitations.

Model use at Ecology sites

When using screening models like the JEM, Ecology does not recommend that users attempt to
model existing site conditions exactly. Rather, the model should be used conservatively and
inputs shoulde séected so as to predict uppeound indoor concentrationdn fact, the model
should be used primarily in a Adefaultd mode
discussion in the following section). If siépecific inputs are useébdese musbe reasonable
upperbound values® and should be limited to those inputs and values that predictions are
significantly sensitive to, and which are relatively easy to medSureaddition, it should be

realized and acknowledged that if certain-specfic values are input to the model, the

% As discussed ithe guidance text, Ecology will allow use of the soil spreadsheet version of the JEM for those
nonTO-15 SVOCs, pesticides, and PCBs in Appendix B that are unlikely to pose a VI threat unless they are
present at high concentrations.

“That i soundiuippmererms of conservativeness. upperr e and t hr
boundt o refer to values at the conserv-Aabumdoenmdl|l akstherr
exchange rate assumptions, for example, will be numericallyalues, chosen to represent the low end of rates
expected for the type of building being considered.

®AEasy to measured here refers to the straightforwardn:e
measurement to represent conditions thatlal be found at the site over time.
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predicted indoor air values may need to be qualified accordingly. Large building dimension
values, for instance, input to the model to reflect an existing structure, will result in indoor VOC
predictions different sm those for a smaller building, which might be constructed at that
location in the future.

Ecology expects that the only realistic (rbre f aul t ) val ues wusers will C
model spreadsheets or-bne JEM calculator are:

e site-specific sibsurface concentration values,

e building dimension§’

¢ foundation types (basement or slategrade) and slab thickness,

e soil types®

e soil/groundwater temperatures

e depth to source distances, and

e soil types per vadose zolayer (when using the advancedrepdsheets)

In some cases the PLP will want to use a model such as the JEM to support a hypothesis that VI
is very unlikely to be problematic at the site, even though, initially, modeled predictions of

indoor air do not agree with this hypothesis whemtielel isconfigured conservativeRy. That

is, the PLP may believe that if model inputs were adjusted to better reflect actual building and/or
subsurface conditiorisas opposed to more worsase, or nosite specific, conditions indoor

air predictionsvould be consistent with a hypothesis positing no unacceptable impacts. Instead

of opting to sample indoor air, then, the PLP may prefer to measure selected JEM parameters and
use those measurements to replace the default values.

It is notsthet &nt daacpbevent this, only to co
general preference and that PLPs should realize that Ecology is likely to demand a relatively

high degree of confidence in the protectiveness of any values proposed to replace. dafgult

sampling will need to be designed so that thesptific value the PLP obtains and uses in the

model is clearly and properly representative of the range of conditions one would encounter at

°7f the investigator is attempting to assess a particular building, rather than a future building with unknown
dimensions.

% |f there are multiple types of soil textures found in borings under the building, the ¢agesesd texture should
be input to the model unless a firgnained sediment makes up an overwhelming percentage of the vertical
profile. In addition, finegrained soil textures should not be assumed to be present under the entire building
footprint, ard should not be input to the moded a layemnless it has beatemonstratethat they are likely to
exist under the entire footprint.

The 2004 EPA Usero6s Guide (prepared by-specitM) r ec o mme
material is sand/gra¥ with < 12% fines (where fines are < 0.075 mm); LOAMY SAND when the when the site
specific material is sand or silty sand with22% fines; and SANDY LOAM when the when the sifeecific
material is silty sand with 280% fines.

%i.e., when the input® the model are primarily default values, and anysitecific values used are clearly

| conservative
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the site over time. Such demonstrations may be resmitensive, especially in the absence of
building-specific soil gas and/or indoor air sampling.

With a few key exceptions (thes¢epeci fi ¢ parameters identified
Ecology cleanup siteso), E ¢ oite-oogbyildiggspeafic al | y di
JEM inputs in the absence of confirmatory sampling. This is because Ecology sees the primary
applicability of Vlassessment models as screening tools. Since indoor air concentrations due
solely to VI are usually difficult to accately measure, and often hard to even estimate, model
predictions of indoor air VOC concentrations will rarely be able to be effectively validated at a
specific site/building® In our view the best that can be done, given the goal of erring on the

sideof protectiveness, is to ensure thddy selection of model inpuismodeled predictions

overestimate actual VOC levels. By restricting which inputs can be adjusted, and to what extent
they can be adjusted away from a default setting, this can be eghiev

The JEM is a Tier I tool. If it predicts that indoor air concentrations due to vapor intrusion are at
or below applicable cleanup levels, and the user has relied upon conservative inputs and
building/soil properties, the VI assessment for that imglanay be terminatey*

Default and nedefault JEM inputs

Table D1 shows the various parameters that are inputs to the JEM and provides instruction on
how to use the EPA version of the JEM. The column to the right notes those parameters which
have deult values that should routinely be used when assessing VI during Tier I. As discussed
above, Ecology does not recommend that model users attempt to predict accurate indoor air
impacts due to VI. Model default values should routinely be used, witkxpleetation that
predictions will be conservative.

Theforwardc al cul ati on spreadsheet {ineversiomopthet scr een
JEM) asks the model user to input

a) the contaminant, contaminant concentration (in soil gas or shallow groundwater),
b)the depth to the fisourcedo (the soil gas s a

c) the soil type'®?

19The opportunity for such verification (and then calibration) is only afforded by the consistent detections of a
particular VOC in all three media (grodwater, soil gas, and indoor air), and where the detections in soil gas and
indoor air are solely the result of VI contributions.

191 This presumes thahe site/building conceptual model is consistent with the conceptual model the JEM is based
upon. Altrough some guidange i ncl uding EPA6é6s draft 2002 OSWER docume
action decisions be preceded by -sldih or crawlspace (and/or indoor) air sampling, Ecology believes that one
outcome from using the JEM properly is to screensies/buildings where VI is very unlikely to pose
unacceptable risks to indoor receptors. The reader should understand, however, that the model prediction is a
snapshot, dependent on the media VOC concentrations which have been input at that time.fd€subedia
concentrations increase, there may be a needrtorthe model. Consequently, there is a nedehdéov whether
these concentrations may be increasing, which may require continued monitoring. In addition, there will be cases
where the indooriaprediction, while acceptable, is only marginally acceptable. Depending on the perceived
degree of uncertainty associated with the prediction, Ecology may require that sampling be conducted to verify
conclusions reached through modeling.
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d) soil/groundwater temperature, and
e) building type (basement or skaim-grade).

The model assigns or derives values for a number of properties, and calcukdteszation
factor and indoor air concentration. The model also calculates the risk or hazard associated with
the predicted indoor air level based on several assumed exposure parameter values.

Some of the JEMO6s ot her prexameriftthe investijatoeiss can b
assessing a particular building and attempting to estimate potential indoor air concentrations, that
buil dingds actual di mensions and sl ab thickne
(HB), footprint area (k and Ws), and subsurface foundation area values, as well as the assumed

slab thickness. While other soil and building property values may also be replaced (such as the

soil moisture content, a sensitive model parameter), this is generally not recommuhdeda
considered using the JEM in its Adefaulto mod
should typically enter the ASCS soil typeo an
not inp-déefBanédéeper mewsdrsshoultypicallyalldvithenmddel to |

assign values for soil bulk density, total porosity, and wited porosity associated with the

inputted SCS soll type, instead of entering alternative values.

Regardless of the parameter, if a fi@fault vdue is proposed to Ecology for use in the model
Ecology will typically require a more resourtgensive demonstration that the proposed value is
conservative if indoor air predictions (in tfeeward mode, or protective media levels in the
backcalculation mode) are particularly sensitive to the parameter and the proposed value is
significantly different than the default value.

Nondefault soil values

In those cases where investigators propose to gathapgiteic information to modify a
subsurface delilt value such as vadose zone moisture content, Ecology will require a
demonstration that the proposed ra®fault values are truly conservative. PLPs will generally
then need to show that the value proposed represents:

e reasonable uppdround values meased, or expected to be found, at the site. This is
especially true if measurements have been taken at locations around the perimeter of the
building; or,

e an appropriate upper confidence level on the central tendency of values existing at the site,
if multiple measurements have been taken at locations beneath the building.

In either case the number of measurements must be large enough to adequately characterize the
range and distribution of parameter values. The measurements must also represent the central
tendency of values obtained over time, so that if certain seasons or events affect the parameter
value, it is clear that the proposed value for use in the model has been selected to properly
represent the frequency and magnitude of these impacts orramegper.

192 50jl texturetypes are limited in the eline version of the JEM to four sand and loam types. The EPA JEM
spreadsheets include the option for additional soil types (clays, e.g.).

Appendix27



Nondefaultbuilding values

The JEM can be used to predict indoor air concentrations for a specific building that currently
exists on the property or a hypothetical building that may be present sometime in the future. If
the investigator is attepting to derive indoor air concentrations for the latter case, Ecology
expects model inputs to reflect a conservative hypothetical building (low air exchange rates [0.25
volume exchanges per hour]; lowdvalues [5 L/min]; default house dimensions anahll

mixing volumes, etc.). For existing buildings, however, the modeler may use values that reflect
what is known about the structure. For example, as discussed above, actual building dimensions
may be input, as well as actual slab thickness.

If the investigator chooses to modify default air exchange rates (AER)pEEnlogy expects a
demonstration that the proposed rd@fault rates are truly conservative. If this demonstration is

based on measurements, the number of measurements should be laghet@maequately
characterize the range and distribution of th
affect the parameter value, the proposed rate
boundo rate (see f derdtiondhe fequéncy, magrtide, angl duration of ¢ o n
any likely deviations from the selected rate.

In addition, inputs must be selected that correspond to actual building use and HVAC system
operation. Air exchange rates in commercial buildings, for examphy be much different

depending on the hour and day of the week. Some systems operate differently when employees
are not present . I f o6work shiftd exchange rat
determine what affect tHepresumably lower AERs dur+iogr8of have on VI
resulting indoor air concentrations during those periods when the HVAC system is either off or
operating differently than during work shifts. The AER parameter in the model is a constant, and
the model assumes that thER value does not change. Indoor air VOC concentrations

predicted by the model for a Monday morning, then, assume that the AER value input to the
model has been maintained constantly since Friday afternoon. This may not be the case, and
making the assumipin may well underestimate indoor VOC levels workers are exposed to as

they begin their shifts.

As with any data collection effort, Ecology w
depending on how the resulting data will be used and how these data are to a critical value.

For example, it may require little effort to successfully demonstrate that a newer commercial

buil dingés air exchange®Busifthe midel wilhcontifueta st one
predict unacceptable indoor awncentrations unless the inputted rate is as high as two volumes

per hour, and this is the value the PLP is proposing, Ecology is likely to want considerably more
information, or information that is perhaps based more on measurements than HVAC design
speifications, before concluding that the air exchange rate for the building of concern is actually

and consistently this high.

%3 ca |l E R@BGuidance for the Evaluation and Mitigation of Subsurface Vapor Intrusidndoor Air
suggests that users assume that AERs in California commercial buildings will be at least this high. So does Health
Canada (2004). It reports the findings from two 1995 studies (Fang and Persily, 1995; Dols and Persily, 1995),
showing that commercial AERs vary from 0.3 to 2.6 per hour.
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Qsoil

The default value for i (the pressurelriven volumetric flowrate of soil gas into the structure)

is 5 liters/minute fom typical residential building (house). This value should not be modified by

the JEM user unless the building being assessed is considerably larger than an average residence.
Some commercial buildings certainly fit into this category, and if 5 litersftaiis assumed for

these structures, the model may ungierdict the indoor air concentration. The State of New

Jersey recommends that theiQalue for buildings larger than homes be input as:

(5 L/min) X (building perimeter in cm/4000 cm),

which apgars to be an acceptable approach for adjusting thig sai€gas entry routes into the
building in question are likely to be primarily located at the perimdtethe spreadsheet
version of EPA6s JEM the userltachlalate®id’ the op

JEM output

TableD1 provides basic instructions on how to uUSs
designed to provide users several outputs. As noted above, the primary outpémnwane

modé®is a VAF value that estimaté®w much attenuation in VOC concentration can be

expected between soil gas at a particular depth and indoor air. In the spreadsheet model this

value is found on thintermediate Calculations Shetn d 1 s cal |l ed t he #fAi ndo«
coef fi cThe ®rlineCalculatay identifies the same parameter ds&ohngon &

Ettinger Attenuation Factdr U.) The model uses this estimate to predict an indoor air

concentration.In the spreadsheet version of the model this predicted concentration is also found

on thelntermediate Calculations Sheeth d i s cal |l ed t he bfigkgu.id dimeg ¢
Onl i ne Cal c ullavihah, and best éstimageedictéd indorairc oncentr ati ons
for the VOC model ed. Both versions of the mo

(or hazard quotient) for the indoor air concentration predicted.

104G uidance (EPA 2002) suggests thabizhould be within the range of 1 to 10 L/min. However, this is a low rate
for buildings much larger than a typical small house (1000 ft2). The JEM spreadsheetge&fdr¢heequently
calculate a much largers@ when building footprints significantly exceed those of a typical house. In general,
this calculated value will be very conservative.
Several papers have been published by Paul Johnson and others adusk the JEM:
o "Evaluation of the Johnson and Ettinger Model for Prediction of Indoor Air Quality” by lan
Hers, Paul Johnson, et al, 2001
o '"ldentification of Critical Parameters for the Johnson Ettinger (1991) Vapor Intrusion Model"
by Paul Johnson, 20qAPI doc)
o "ldentification of Applicationspecific Critical Inputs for the 1991 Johnson and Ettinger
Vapor Intrusion Algorithm", by Paul Johnson, 2005 (NGWA doc)
Johnsorsuggests that for conservative assessments of VI #w/(B) ratio should be clos@1.01. In most
cases Ecologwill want any manipulation of model inputs/assumptions to be consistent with the analyses
discussed in these documents
%' n EPAG6s spr eads h e dorward@lcukiion is initmted at thedop df Ehd/Dataiy&heet by
choosing ficalcul ate incremental ri sks from actual éconc
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The output is similar for theackwardcalculation'®® But in its backcdculation mode the JEM
derives a VAF value and then uses it to calculate a soil, soil gas, or groundwater concentration
that is protective of indoor air quality. The acceptable indoor air concentration the model uses to
derive these protective subsurfammcentrations is associated with a particular risk factor (such

as 1E6) for carcinogens or hazard quotient (HQ) for4oancinogens.

Whil e investigators assessing VI in Washingto
forwardmode predicted indo@ir concentrations, the indoor air risks and HQs calculated by the
model are not necessarily the same as those one would derive faorarrgement of Equations

7501 or 7502 . See section 6.5 in the guidance text
subsir f ace media | evels using the JEMO bel ow.
Assessment : comparing indoor air concentration p

Chapter 3 of the guidance states that the JEM can be used during Tier | to assess VI impacts by
inputting shallow groundwater conteations, soil gas concentrations, and, for some limited
substances, soil concentrations. The model can be used to predict indoor air levels for an
existing building or a hypothetical building.

If the JEM is utilized to predict indoor air concentratigm&dictions for residential and other
norrindustrial buildings should typically be compared to Method B air cleanup levels. Indoor air
predictions for industrial buildings are usually compared to industrial air cleanup levels,
especially when the fututend use is expected to remain industrial.

Using the JEM to calculate protective subsurface media I&velsndwater

In its backcalculation mode the JEM derives media concentrations that are intended to be

protective of indoor air quality. For sitedere contaminated groundwater is the only VI source,

a shallow (water table) groundwater VOC concentration can be calculated by the model that

would be predicted to potentially result in an acceptable indoor air concentration. When

calculating such commtrations, users must typically assume properties for a hypothetical future
house. I f the current buildingbébs JEM propert
should understand that institutional controls may be needed as part of ttieagitg action to

ensure that in the future there are not changes to the building (or replacement of the building
with a new structure) that may cause the mode
conservative.

When calculating \protective grounda t er | e v e | sivdluk ghoutd bedsettodbs Q

L/min if the existing or future building is a house. It should only be increased if the building
being modeled is considerably | ardgfautJEMsee t he
i nputve)o abo

Using the JEM to calculate protective subsurface media I18odigas

For sites where contaminated groundwater is the VI source, where soils (or only soil gas) are the

%' n EPA6s spr eads h e édackwardcalalatiomis irtiatedtattthe tod df the Diath Entry Sheet
by chooslatergkbfac®ldéec oncentration (enter X in YES box). o0
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source, where both groundwater and soils are contaminated with VOCs, erthdreris

LNAPL™" at the water table, the JEM can derive a buildipgcificsoil gasconcentration that
would be predicted to potentially result in an acceptable indoor air concentration. This soil gas
concentration could be used posinediation to showhat subsurface conditions no longer pose

a potential threat to indoor air quality via the VI pathway.

As with the calculation of protective groundwater levels, model usersdadoklating protective

soil gas concentrations must either assume propddiea hypothetical future house, or use the
current buildingds properties (with the under
needed i f the current buildingds di mensions,
house). &i valuesshould be set as discussed above.

Soils

EPA doesotrecommend using the JEM soil spreadsheets to predict indoor air concentrations
from soil concentrations if this is the sole line of evidence relied upon for screening out a
building. Ecology concurs drbelieves that the uncertainty associated with the indoor prediction

is too high to merit such a use for the model. Consequently, Ecology has recommended soil gas
sampling in cases where there the subsurface contamination is in the vadose zone. Solil gas
concentrations can then be input to the JEM to predict potential indoor air concentrations.

JEMA Baxa&!l cul atingbo

Unfortunatel vy, EPAG6s versions of the JEM are
that groundwater, soil, or soil gas concatitms can then be backlculated to attain. This is
problematic because EPA calculates risks and hazards somewhat differently than they are
calculated in the MTCA regulations. Method B equations for indoor air cleanup levels in WAC
173340750 curreny utilize reference dose and carcinogenic slope factor toxicity information
(RfDi and SK, whereas the JEM uses reference concentrations and unit risk factararf@®fC
URF). The predicted groundwater and soil gas concentrations the model produces to be
protective of indoor air (for a carcinogenic risk afL® or a norcarcinogenic hazard quotient

of one are therefore not the same as those it would derive to be protective of Method B air
cleanup levels. Calculating \rotective groundwater and sgiés concentrations via the JEM
must currently be accomplished through a-svd6 e p u s e ofdrwatd bakulation.d e | 0 s
Please see the instructions in Tabl@ below.

JEMrelated documentation

Work plans and reports submitted to Ecology that include-pEddicted concentrations or
attenuation factors must contain sufficient documentation for a review and independent re
calculation of results. Usually this means submitting gouts of the spreadsheets themselves or

WEPAbS OSWER website provides JEM spr e-pdsebrevadwaterf or si t
and soil gas models, there is a screeit@vgl NAPL spreadsheet and an advaniesel sheet. Acaaling to EPA:
fWhen NAPL is present in soils, the contamination includes a fourth orresidgph ase. I n such cases
mo d e tas lge used to estimate the rate of vapor intrusion into buildings anssti@aged health risks.
T h eNAPL models use a muerical approach for simultaneously solving the taweraged soil and building
vapor concentration for each of up to ten soil contaminants. This involves a series of iterative calculations for each
contaminant. The NAPL models are available in ExcEhe website also providesMAPL Model Usels Guide
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the online calculator screens. Thew i ewer 6 s attention should be ¢
calculation modifications that utilize natefault values. If a variable such as air exchange rate

has been modified from its default value to b
sufficient documentation must accompany the modeling-puiis to justify use of the building

specific rate.

Investigators utilizing the JEM must ensure that the conceptual VI model for the site and

building of interest is similar to the conceptual VI modhe JEM model is based upon.

Simplifying assumptions have been made by the designers of the JEM in order to predict indoor
air concentrations from subsurface media concentrations. These may be poor assumptions for the
actual site/building being modeled,camay disqualify use of the model as a conservative

screening tool. When submitting modeling documentation, therefore, PLPs should also include a
discussion about JEM assumptions and limitations, stating how their use of the model is
appropriate given ttse restrictions.
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Table D-1 Recommended JEM default Input Setting€®and i nstructions for usifongardEPAG s
mode to estimate a buildingspecific VAF and an indoor air concentration

A. Open theEPA JEM spreaddheet or Ontline Calculator

B. Enter parameters to calculate the VAF and a predicted indoor air concentration

Input parameter Default input value Unit Descriptions/Comments

B.1 Enter General information

Concentration for soil gas | Measured ug/m’ Use the highest concentration measured beneath/near th

sample building

Concentration for soil Measured ug/kg

Concentration for ground | Measured ug/L

water

Depth of the sample Measured feet or m | Site-specific

Contaminant of concern (g Select tle hazardous VO( Site-specific. For petroleum contamination, use toluene &

VOC) of concern representative substance.

Type of building Building-specific Selection between basement or shebgrade

Type of soill Select the most The online version of the JEM only allows selection of 1
representative Soil 4 soil types (sand, loamy sand, sandy loam, and loam). |
Conservéion Service to Table G4 of EPA (2002) for the selection of soil type
(SCS) soll texture type based on site lithologic information.

Average soil/ground water| 55 F Can be measured, but is generally 47 to 57°F in WA.

temperature

B.2 Chemical properties: users may accept the default values stored or overwrite with chemiegdecific information.

CAS Number & Molecular| Chemicalspecific g/mole Will be assigned.

Weight

18 TakenfromTableG3 of the 2002 Draft d@&ingcakulatogarsioniod JEMenodalnd EPAS s
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Input parameter Default input value Unit Descriptions/Comments

Henry's Law ConstantH{) | Chemicalspecific unitless | The model will assign a value and correct it for the inputtq
groundwater temperature. This valshould usually be
accepted. For soil gas inputs the HLC has no impact on
VAF or indoor air concentration calculated.

FreeAir Diffusion Chemicalspecific cnf/s Accept the defaults (though these values can be overwrit

Coefficient D)

Diffusivity in Water Dy,) Chemicalspecific cn/s Accept the defaults (though these values can be overwrit

Unit Risk Factor JRF) Chemicalspecific (ug/m)* | This value has no impact on the VAF or indoor air
concentration calculated. However, if the usemdgeto use
the risk the JEM associates with its predicted indoor air Ig
the URF must be consistent with WAC 1380-750.

Reference Concentration | Chemicalspecific mg/nt This value has no impact on the VAF or indoor air

(RfC)

concentration calculateddowever, if the user intends to us
the HQ the JEM associates with its predicted indoor air Ig
the RfC must be consistent with CLARC and WAC -B4®-
750.

B.3 Soil properties

Total Porosity(n);
Unsaturated Zone Moisturt
Content( ); Capillary
Zone Moisture Content at
Air-Entry Pressur€ cap);
Height of Capillary Zone
(CZy)

Do not change these parameters. They are not considered to be inputs when running the mods
Depending upon the soil type chosen, the model calculatesghesmeters from soil properties thal
the model assigns based on texture classification

Input parameter

Default input value

Unit

Descriptions/Comments

Soil-gas Flow Rate Into the
Building (Qsoi)

5

L/min

5 L/min is the default rate for houses. Forldhuigs with
significantly larger footprints, largersQ) values must be usg
(see the @i discussionn theappendixtext).
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B.4 Building properties

Air Exchange RatéEg or 0.25 (residential) and 0.5| hr™ To assess an existing conmzial building, a higher rate can

AER) (commercial) be entered. But adequate documentation must demonst
that the higher rate is actually realized and maintained.

Building Mixing Height 2.5 (slabon-grade) or 3.7 | m To assess an existing building, camieasured and input.

(Hg) (basement) For larger, nofresidential buildings, the height of the lowe
ceiling in any occupied rooms on the lowest floor should |
entered.

Building Footprint Area 100 m° To assess an existing building, can be measured and inp

(Fe)

Subairface Foundation 106 (slabon-grade) or m° To assess an existing building, can be measured and inp

Area® (Ag) 180 (basement)

Building Crack Ratio™ ( d | 0.00038 (slaton-grade) | unitless | Do not change this value; it is intealculaed by the model

or 0.0002 (basement)
Building Foundation Slab | 0.1 m To assess an existing building, can be measured and inp
ThicknesqL crack)

B.5 Exposure parameter values may be disregarded if the only desired output is a VAF or a predicted indoor air
concentration.

C. Output values of primary interest are:
e the fAindoor attenuat i onlintermedifté GalculatonstShetfdle ERA spreadsinedt version of thee

model . 1 EmMAROLaOrul ator i dent i fJoleson & HitiegersAttemuatiop Factaa (me.t & r  a
e the model 6s predicted indoor air concentration. I n the
Intermediate Calculations Sheetnd i s c al | e chcentdaten (Goladp) | @i n-Bh @ eOCal c ul dotv,digh,
and bestestimatgor edi cted i ndoor air concentrationso for the VOC

The risk or hazard associated with the predicted air concentration will not necessarily be the sameat he AMTCA ri s
AMTCA hazard. o

199 Area of enclosed space below grade. This includes the area of the floor in contact with thyéngretsl and the total wall area below grade.
10 The ratio of crack to total floor area
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Table D-2. Calculating VI-protective groundwater and/or soil gas concentrations

objective

instruction

result

Derive an attenuation factor that will
enable you to calculate a-rotective
groundwater or soil@s concentration for
the VOC of interest.

(1) Run the JEM in théorward mode.

(2) Any groundwater or soil gas VOC
concentratiorcan be input.

(3) Use default values and, where
allowed, sitespecific values (see
Table 1).

(1) An attenuation factoro).

(2) An indoor air concetration
prediction (use
from the Online Calculator).

Calculate the groundwater or soil gas inj
concentration for the desired MTCA
Method (B or C) indoor air cleanup level

(1) The predicted indoor air
concentration from the step above
is assignedAP.

(2) The applicable Method B or C air
cleanup level is assign&ziJL.

(3) The VOC groundwater or soil gas|
concentration originally input to th
JEM is assigned INPUWT

(4) Calculate the VOC groundwater @
soil gas concentration to be input
the JEM (NPUT:) that should
result in an air concentration equa
to the applicable Method B or C &
cleanup level:

INPUT1 = (CUL X INPUTo) / IAP

INPUTz is the groundwater or soil gas
concentration that should correspond to
predicted indoor air concentration egta
the Method B or C air cleanup level.

Re-calculate the predicted indoor air
concentration for a modified groundwate
or soil gas input concentration (INPYT
This inputted concentration should be th
VI-protective groundwater or soil gas
concentrabn.

(1) Enter the groundwater or soil gas
INPUT1 value for the VOC
concentration and run the JEM in
theforward mode.

(2) Use default values and, where

allowed, sitespecific values.

The predicted indoor air concentration
(Abest est i na Cacolato)
should be the applicable Method B or C
cleanup level. If so, INPUiis the V}
protective groundwater or soil gas
concentration.
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Appendix E. Decision Matrix Guidelines for Tier Il Vapor Intrusion
Assessment

The two tables beloE.1 and E.2areintended to help decisiemakers synthesize the

information obtained during a Tier Il investigation and make decisions about what steps should
be taken next. The tables assume that this activity is occurring during the Remedial Investigation
(RI), when nvestigators are assessing the potential for vapor intrusion (VI) to unacceptably

i mpact a current buildingdés i ndoor air.

The matrix, conceptual | y multipe finesefevidend®c ol ogy 6 s
assessed before deciding whether an astmuld be taken to protect indoor receptors. The two

lines of evidence explicitly represented in the matrix are indoor air concentration data-and sub

slab sampling concentration data. While indoor air data provide a good indication of the level of
indoorair contamination at the time the samples were collected, they are not usually capable, by
themselves, of accurately quantifying the contribution made by VI. This is because the measured
indoor air contamination is often due to multiple sources: outaioeontamination that has

come into the building; indoor sources of contamination; and, perhaps, contaminated soil gas that
has entered the building via VI.

Subslab soil gas sampling, performed concurrently with indoor air sampling, provides the
invedigator information about the degree to which soil gas sampled immediately below the
building is contaminated. If concentrations in this soil gas are high, VI may potentially be
contaminating indoor air. If the soil gas concentrations are relativelyvbis,unlikely to be
contributing significant contaminant mass to the indoor air space. If indoor air contamination is
measured under this latter scenario, it is likely that other{fipsources are the primary
contributors.

The matrix is not a subatite for critical thinking or best professional judgment. Itis only a
general guide. Sitepecific Tier Il decisions will need to be basedsda conditionsand the
conditions at any given site may lead to different decisions than the simple suggastioehsd
in the boxes below.

Recommended actions in the matrix:

(1) No Need for Mitigation: the measured concentration in indoor air is below the screening
level. The measured sab soil gas concentration is either below the generic screening
level or ony marginally above that level. VI does not appear to be a problem.

(2) Repeat sampling: several decision boxes suggest that sampling be repeated. In most of
these cases the indoor airsubslab soil gas measurement has detected an elevated VOC
concentratio. Elevated indoor measurements coupled with relatively lowsklb
concentrations may indicate the presence of an indoor source of the VOC. This should be
investigated. Elevated stgbab measurements coupled with relatively low indoor air
concentratios may indicate that the building was capable of resisting VI at the time the
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indoor samples were collected, but the-suldface source may be capable of
contaminating indoor air in the future.

(3) Mitigate: the combination of indoor and sslab data suggestisat VI may be
unacceptably contaminating indoor air. Methods to mitigate exposures related to VI are
described in Chapter 5 of this Guidance. Mitigation is considered a temporary measure
implemented to address exposures related to VI until contamieatednmental media
are remediatedin some cases, instead of mitigation, the responsible party may choose to
implement an interim action that remediates the VI source. These types of actions are also
discussed in Chapter 5.

Two matrices have been prded below, one for carcinogens{Eand one for nowarcinogens

(E-2) . They are very similar. Both are intend
indoor air concentration is the Method B air cleanup level. However, sineeancinogens @y

produce harmful effects once threshold exposures are reached, the middle column ofZl'able E

has reduced the concentration range associate
guality. This is consi st entwhenithe Hazaeddnodx@H)y 6 s p
clearly exceeds a value of 1.0.

Table EL. Decision matrix for carcinogenic contaminants of concern.

Indoor air Indoor air Indoor air concentration 3 Indoor air concentration
EERC S tiar AN concentration < indoor|indoor air SL, but <10 |10 times the SL
Sub-slab soil gas EUgSIE times the SL
measurement
Sub-slabsoil gas | no need for mitigation | Repeat sampling; Repeat sampling;
concentration < investigate potential indoq investigate potential
applicable SL sources indoor soures
Sub-slabsoil gas | no need for mitigation |repeat sampling; mitigate investigate potential
concentration > if multiple consecutive indoor sources; mitigate |
applicable SL, but < indoor air samples exceequnable to locate/isolat
10 times the SL the SL. indoor sources
Sub-slabsoil gas | Repeat sampling Repeat sampling; mitigatg mitigate
concentration > 10 if multiple consecutive
times the applicable indoor air samples excee(
SL the SL.
No Sub-slab soil gag Repeat sampling if sulf Repeat sampling; collect | mitigate
data slab soil gas subslab data if possible

concentration is likely

to be > 10 times the S

collect subslab data, if

possible, during repea

sampling

M1 This refers to the indoor measuremdae to VI Commonly this will be estimated to be the [max measured
indoor concentratiori] [representative measured, saday, ambient air concentration]
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NOTES to Table H.:

(2) SL = screening level. Method B indoor air and-stdb soil gas seening levels are
provided in Appendix B, Table-&.
(2) The table considers carcinogenic VOCs one by one. In some cases there will only be a

single VOC that has the potential to unacceptably contaminate indoor air and the table
can be useds is Howeverthere will be other cases where more than one VOC has the
potential to lead to VI impacts. Investigators can use the table for each VOC separately,
but then should also consider the combined risk impact that all VOCs will have on indoor
air quality. Forexample, in the middle column, two VOCs may both exceed their indoor
air screening levels, but each by only 6 times. Each VOC would therefore be evaluated
under the middle column. Their combined associated inhalation risk, however, would be

1.2E5 (assummg each had an indoor air SL set at a risk 6B1E .
be

val u

e woul d

better eva

Thi s
l uated by

Table E2. Decision matrix for noarcinogenic contaminants of concern.

Indoor air
measurement'¥

Sub-slab soil gas
measurement
Sub-slab soil gas
concentration <
applicable SL

Indoor air

concentration < indoor

air SL

Indoor air concentration >
indoor air SL, but < 2 time
the SL

Indoor air concentration :

2 times the SL

no need for mitigation

Repeasampling;
investigate potential indoc
sources

Repeat sampling;
investigate potential
indoor sources

Sub-slab soil gas
concentration >
applicable SL, but <
10 times the SL

no need for mitigation

repeat sampling; mitigate
if multiple consecutive
indoor ar samples exceed
the SL.

investigate potential

indoor sources; mitigate |

unable to locate/isolate
indoor sources

Sub-slabsoil gas | Repeat sampling Repeat sampling; mitigatg mitigate
concentration > 10 if multiple consecutive

times the applicable indoor air amples exceed

SL the SL.

No Sub-slab soil gag Repeat sampling if sul Repeat sampling; collect | mitigate

data

slab soil gas
concentration is likely

subslab data if possible

icombi
usi

ng

n
(.

to be > 2 times the SL
collect subslab data, if
possible, during repea
sampling

NOTES to Table 2:

M2 As in Table E1, this refers to the indoor measuremgme to VI Commonly this will be estimated to be the
[max measured indoor concentratidrifepresentative measured, sada ambient air concentration]
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(2) SL = screening level. Indoor air and sslab soil gas screening levels are provided in
Appendix B, Table BL.

(2) The table considers nararcinogenic VOCs one by one. In some cases there will only be
a single VOC that has thefential to unacceptably contaminate indoor air and the table
can be useds is However, there will be other cases where more than one VOC has the
potential to lead to VI impacts. Investigators can use the table for each VOC separately,
but then shouldlso consider the combined hazard impact that all VOCs will have on
indoor air quality. For example, in the middle column, two-parcinogenic VOCs may
exceed their indoor air screening levels, but only by 1.5 times. Each would therefore be
evaluated undethe middle column. Their combined associated inhalation hazard index
(HI), however, would be 3.0 (assuming each had an indoor air SL set at an HQ of 1).
This Acombinedo hazard value would be bett
(from the kft).13

113 This exanple assumes that the health effects would be additive.
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