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begins and continuing to sample until at least 30 minutes before indoor monitoring is complete.
EPA recommends this practice because most residential buildings have an hourly air exchange
rate in the range of 0.25 to 1.0, causing air that enters the building before indoor air sampling to
remain in the building for a long time (for example, see Section D.10, ITRC 2007a).
Recommended lag times may warrant adjusting for nonresidential buildings.

6.4.3 Sub-slab Soil Gas Sampling

Sub-slab soil gas samples can provide useful data for characterizing the levels of hazardous,
vapor-forming chemicals that can enter a building via soil gas intrusion. When combined with
other soil gas data, sub-slab soil gas data can be used to assess whether the subsurface vapor
migration pathway is complete (i.e., subsurface vapor migration is capable of transporting
hazardous vapors from the source to building; see Section 6.3.2). When combined with an
appropriate attenuation factor (e.g., a conservative generic value — see Section 6.5.2), sub-slab
soil gas data can be used o estimate a potential upper-bound indoor air concentration that may
arise from vapor intrusion. In this way, sub-slab data can be used to assess the potential for the
vapor intrusion pathway to pose a health concern.®

Field experience indicates there may be substantial spatial variability in sub-slab soil gas
concentrations even over an average-sized footprint of a residential building. Site planning and
data review teams should, therefore, consider collecting more than one sample per building
when sub-slab soil gas sampling is conducted. Three sub-slab samples have been collected in
a number of EPA investigations of a typical size residential building or commercial building less
than 1,500 square feet in area. Additional situations that should trigger discussions about the
number of sample locations per building include: (1) very large or small homes or buildings;®
(2) buildings with more than one foundation floor type;* (3) subsurface structures or conditions
that might facilitate or mitigate vapor intrusion; and 4) multi-use buildings with distinct
segmented areas that differ significantly by occupying population or exposure frequency. In
addition, multi-point sub-slab samples should be considered to support data interpretation and
resolve uncertainties that may arise when:

» There are fewer surrounding buildingé that are being sampled (that could have helped
the understanding of typical sub-slab values and variability).®®

e The indoor and sub-slab concentrations for a specific building(s) are out of line with
expectations based on data from neighboring homes and other information.

%2 The sub-slab soil gas concentration provides only half of the information for estimating vapor fiux into a building.
The other information needed is the soil gas flow rate (Qson), which is embodied in the attenuation factor. The soil gas
flow rate can also be explicitly calculated using a model.

5 For larger structures, a statistician may assist in identifying the number and placement of sampling ports to meet
the desired DQOs.

% |n basements with a partial slab, but one large enough to allow vapors to accumulate (for example, if the slab
covers more than 50 percent of the building footprint), EPA generally recommends that one sub-slab port be installed
on the slab portion and an indoor air sample be collected directly over the dirt portion.

% |n these cases, multiple ports should be installed in a specific percentage (e.g., more than 10 percent) of the
buildings sampled to provide a check for variability in the study area.
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EPA generally recommends that sub-slab sampling include centrally located sub-slab samples
in buildings identified for testing when the subsurface vapor source is laterally extensive relative
to the building footprint (e.g., a broad plume of contaminated groundwater). Based on work
conducted in New York as of the spring of 2010, it appears that the sub-slab concentrations
beneath the central area of a home are usually (75 percent of the time) higher than (or as high
as) the concentrations closer to the perimeter of the home.®® Therefore, EPA recommends that
site teams consider internal building partitions, HVAC layout, contaminant distribution, utility
conduits, and preferential pathways in selecting any additional locations for collecting sub-slab
samples.

Several rounds of sampling are generally recommended to develop an understanding of
temporal variability of sub-slab soil gas concentrations, particularly when these data are used
with the recommended attenuation factor (see Section 6.5.2) to estimate a potential upper-
bound indoor air concentration that may arise from vapor intrusion.

If a site team decides to proceed with sub-slab sampling, EPA recommends that leak-testing be
performed to ensure the hole is properly sealed, for example, through the use of a helium tracer
gas shroud. Because installing soil gas probes can disturb subsurface conditions, EPA
recommends that the site team allow some time after the sampling probe has been installed for
the subsurface to return to equilibrium conditions. An EPA study of the time needed for the
subsurface conditions to come back to equilibrium (equilibration rate) after they have been
disturbed by installation of the soil gas probes found that an equilibration time of two hours
generally was sufficient because most sub-slab material consists of sand or a sand-gravel
mixture—even for buildings built directly on clay (Section 5.0, EPA 2006b).

There also may be special considerations for sub-slab soil gas samples because of either a
unique construction (for example, pretension concrete slab) or environmental situation. Key
considerations that may be useful to evaluate include, but are not limited to:

» The location of cables in post-tensioned concrete should be identified (usually using
ground-penetrating radar) before sub-slab sampling, as drilling through a cable poses a
significant health and safety concern and may damage the slab.

e Sub-slab samples should be avoided in areas where groundwater might intersect the
slab.

» Underground utilities and structures (for example, electric, gas, water, or sewer lines)
should be located and avoided to prevent damage to the lines; however, samples should
be collected in close proximity to these potential preferential vapor pathways.

s The primary entry points for vapors in basements might be through the sidewalls rather
than from below the floor slab, so the site team might need to augment sub-slab
samples with samples through the basement walls.

% This field observation is supported by modeling results for idealized scenarios, which show greater sub-slab soil
gas concentrations near foundation centers in under-pressurized residential buildings when the vapor source is
laterally extensive relative to the building footprint (EPA 2012b).
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Evaluate and Develop Analyte Lists. To characterize potential concentrations entering a building
via soil gas, EPA generally recommends that chemical analyses for sub-slab soil gas samples
be limited to those vapor-forming chemicals known (based upon subsurface testing) or
suspected (based upon site history) to be present in the subsurface environment. Requesting
an extensive list of analytes that are not related to subsurface contamination, as discussed
previously, may unnecessarily complicate risk communication if indoor air testing reveals
volatile chemicals unrelated to vapor intrusion.

Collect Complementary Data While Indoors. When sub-slab soil gas samples are collected,
EPA recommends that the following complementary information be gathered by observation or
interviews:

o Physical conditions and characteristics that are pertinent to assessing the building's
susceptibility to soil gas entry, if any (e.g., potential conduits, such as cracks or floor
drains; presence of structures, such as utility pits and elevators; basements or crawl
spaces). Such information may help interpret spatial differences in sub-slab or indoor air
concentrations within a building.

« Areas with significant over- or under-pressurization relative to the outdoors. Such
information may assist in interpreting spatial differences in sub-slab or indoor air
concentrations within a building.

e Where outdoor air is mechanically brought into the building by the HVAC system and
building(s) interiors are over-pressurized, it may be helpful to also collect ambient air
samples to support interpretations of the sub-slab sampling results. If the predominant
vapor-forming substances and their respective concentrations in sub-slab soil gas and
outdoor air samples are similar, then ambient air may be influencing sub-slab soil gas
conditions.

When any type of soil gas sample is collected, EPA generally recommends that relevant
meteorological data, such as wind speed, snow or ice cover, significant recent precipitation, and
changes in barometric pressure, be recorded. Measurement of pressure differences between
the subsurface and the building foundation can also provide valuable information to aid in the
interpretation of the sub-slab data.

A potential shortcoming of sub-slab soil gas testing is that gaining access may be difficult (or, in
some cases, infeasible). This difficulty can often be overcome by implementing a program of
community outreach and engagement that fosters trust and good relationships (see Section
10.0).

When access is granted for indoor sampling, EPA generally recommends collecting sub-slab
and indoor air samples contemporaneously using similar sampling and analysis methods and
sampling durations to allow for data comparison. The sub-slab sampling ports can be installed
after the indoor air sample is deployed and collected (8 - 24 hours later) to avoid biasing the
indoor air concentrations with potentially higher sub-slab gas infiltration rates during port
installation. Alternatively, the sub-slab ports may be installed prior to indoor air sampling and
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sampled concurrently with the indoor air samples, provided sufficient time is allowed for the
indoor air concentrations to return to "normal” after installation of the sub-slab port.*’

6.4.4 Soil Gas Sampling

Data obtained from a soil gas survey can be used to identify, locate, and characterize
subsurface vapor sources (see Section 6.3.1) and characterize subsurface vapor migration
pathways (see Section 6.3.2). Soil gas survey data can also be useful in supporting the design
of soil vapor extraction systems and other subsurface remediation systems and the
performance assessment of these systems. For these purposes, EPA recommends that soil gas
survey data be supported by site-specific geologic information (i.e., site geology and subsurface
lithology).

Typically, grab (rather than time-integrated) samples are collected when sampling soil gas. EPA
recommends that the site team allow some time after the sampler has been installed for the
subsurface to return to equilibrium conditions because installing temporary or permanent soil
gas probes can disturb subsurface conditions. The equilibration time may depend on the type of
drilling techniques used to install the soil gas probes, with more time needed for auger drilling
compared with hand drilling. For example, the California Environmental Protection Agency
recommends an equilibration time of two hours for temporary driven probes and 48 hours for
probes installed using augered borings (CalEPA 2012).

Wind direction, precipitation information, and other site-specific information that can influence
soil gas concentration patterns should be documented at the time of sampling.

EPA recommends that soil gas samples be taken as close to the areas of interest as possible
and preferably from directly beneath the building structure. As vapors are likely to migrate
upward through the coarsest or driest material in the vadose zone, EPA also recommends that
soil gas samples be collected from these materials.

Using vertical boring or drilling techniques, it is generally practical to collect soil gas samples
only in locations exterior to a building’s footprint (“exterior” soil gas samples). Modeling results
for idealized scenarios show that, in homogeneous soil, soil vapor concentrations tend to be
greater beneath the building than at the same depth in adjacent open areas when the vapor
source is laterally extensive relative to the building footprint (e.g., broad plume of contaminated
groundwater) (EPA 2012b). Given these predictions and supporting field evidence (EPA 2012a,
see Figure 6), individual exterior soil gas samples cannot generally be expected to accurately
estimate sub-slab or indoor air concentrations. This potential limitation may be particularly valid
for shallow soil gas samples collected exterior to a building footprint.

Deeper soil gas samples collected in the vadose zone immediately above the source of
contamination (i.e., “near-source” soil gas samples) are more likely to be representative of what

" EPA generally recommends delaying indoor air testing for at least 24 to 72 hours based on an approximate air
exchange rate of 0.25 to 1.0 per hour. Note that the effects of any ‘spike’ in indoor air concentration may linger
depending on source strength, relative humidily inside he building, and the extent to which the contaminants have
been absorbed by carpets and other fabrics or “sinks.”
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may be in contact with the building’s sub-slab. Several rounds of sampling are generally
recommended to develop an understanding of temporal variability of “near-source” soil gas
concentrations, particularly when these data are used with the recommended attenuation factor
(see Section 6.5.2) to estimate a potential upper-bound indoor air concentration that may arise
from vapor intrusion.

6.4.5 Groundwater Sampling

Groundwater sampling and analysis also feature prominently in many vapor intrusion
investigations, for example, to help characterize plumes that can serve as vapor sources.
Groundwater sampling methods are not discussed here because practitioners typically are
relatively experienced and trained to collect samples that meet site-specific data quality needs
(see, for example, EPA-ERT 2001a). However, Section 6.3.1 provides a few recommended
guidelines for groundwater sampling that are pertinent to vapor intrusion. One key consideration
in sampling groundwater for vapor intrusion investigations is focusing on characterizing water
table concentrations. EPA recommends that groundwater samples be taken from wells
screened (preferably over short intervals) across the top of the water table. Vapor-forming
contaminants in the uppermost portions of an aquifer, including the capillary fringe, are likely to
volatilize into the vadose zone with the potential to migrate into indoor air spaces. Because
fluctuations in water table elevation can lead to elevated source vapor concentrations, EPA also
recommends that a soil gas survey be considered in such areas.

Groundwater data obtained in accordance with these recommendations can be compared to the
groundwater VISLs (see Section 6.5.3).°® When combined with an appropriate attenuation factor
(see Section 6.5.2), groundwater data can be used to estimate a potential upper-bound indoor
air concentration that may arise from vapor intrusion. In these ways, groundwater data can be
used to assess the potential for vapor intrusion from groundwater sources to pose a health
concern.

6.4.6 Planning for Building and Property Access

Vapor intrusion investigations generally entail gaining legal access to buildings and properties to
conduct sampling. Public outreach and communication for this purpose should generally be
conducted in accordance with the site-specific community involvement plan (See Section 10.1).

Obtaining and scheduling access to a property and building can become difficult, whether the
structure is a commercial or institutional building or a private residence. This potential difficulty
can often be overcome by implementing a program of community outreach and engagement
that fosters trust and good relationships.

To address these practical and logistical concerns during the planning stage, EPA recommends
that an access agreement be executed between the property owner, any tenants, and the

% |f available groundwater data do not meet these criteria, the site data review team should judge whether they are
nevertheless representative of potential vapor source concentrations emanating from groundwater.
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investigating entity. Section 10.3 provides additional guidance for addressing building and
property access for sampling.

6.5  Overview of Risk-Based Screening

Risk screening for vapor intrusion generally is performed using site-specific data collected via
appropriate methods, as described in Section 6.4. In some cases, pre-existing data identified
during a preliminary analysis can be deemed reliable and adequate for use in risk-based
screening (see Section 5.5).

The primary objective of risk-based screening is to identify sites or buildings likely to pose a
health concern through the vapor intrusion pathway. Risk-based screening can also support a
preliminary health risk analysis of individual building data (e.g., indoor air concentrations),
including identification of buildings that may warrant prompt response action.

Along with other lines of evidence, risk-based screening can help focus a subsequent site-
specific investigation (e.g., results of source strength screening can help identify and prioritize
buildings for indoor testing) or provide support for considering building mitigation and other risk
management options (see Sections 8.0 and 9.0).

6.5.1 Scope and Basis for Health-based, Vapor Intrusion Screening Levels

EPA developed VISLs for human health protection that are generally recommended, medium-
specific, risk-based screening-level concentrations intended for use in identifying areas or
buildings that may warrant further investigation of the vapor intrusion pathway. These VISLs are
based on:

« Current toxicity values selected in accordance with OSWER's hierarchy of sources for
toxicity values (EPA 2003).

e Physical-chemical parameters for vapor-forming chemicals.
s EPA-recommended risk assessment approaches.

The VISLs for human health protection include indoor air screening levels for long-term
exposures, which consider the potential for cancer and noncancer effects. The VISLs for human
health protection also include subsurface screening levels for comparison to sub-slab soil gas,
“near-source” soil gas, and groundwater sampling results. These screening levels are derived
from the indoor air screening levels for long-term exposures using medium-specific, generic
attenuation factors described further in Section 6.5.2 and Appendix B. The VISL user's guide
provides additional information about derivation of the indoor air and subsurface screening
levels (EPA 2012c).

The medium-specific VISLs for human health protection are intended to be compared to:

« Building-specific data, such as results from sub-siab soil gas samples, crawl space
samples, or indoor air samples; or
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» Site- or building-specific data that characterize subsurface vapor sources (e.g.,
groundwater samples, “near-source” soil gas concentrations)

to determine if there is a potential for the vapor intrusion pathway to pose a health concern to
building occupants. The VISLs for human health protection are not intended, however, to be
used as final cleanup levels for site remediation.

EPA intends to update the health-based VISLs periodically to incorporate changes in toxicity
values, if any, in accordance with OSWER'’s hierarchy of sources for toxicity values (EPA 2003).
If and when warranted, physical-chemical parameters may also be updated periodically. In part
to facilitate these updates, EPA has developed a VISL Calculator, which will be updated
periodically (see Section 1.4.1).

The medium-specific VISLs for health protection are developed considering a generic
conceptual model for vapor intrusion consisting of:

e A source of vapors underneath the building(s) either in the vadose zone or in the
uppermost, continuous zone of groundwater.

¢ Vapor migration via diffusion upwards through unsaturated soils from these sources
toward the ground surface and overlying buildings.

¢ Buildings with poured concrete foundations (e.g., basement or slab-on-grade
foundations) that are susceptible to soil gas entry.

A critical assumption for this generic model is that site-specific subsurface characteristics will
tend to reduce or attenuate vapor concentrations as vapors migrate upward from the source and
into overlying structures. Specific factors that may result in relatively unattenuated or enhanced
transport of vapors into a building include the following:

¢ Significant openings to the subsurface that facilitate soil gas entry into the building (e.g.,
sumps, unlined crawl spaces, earthen floors) other than typical utility penetrations.

* Very shallow groundwater sources (e.g., depths to water less than five feet below
foundation level) (see, for example, EPA (2012a), Section 5.2).

« Significant preferential pathways for subsurface vapor migration whether naturally-
occurring (e.g., fractured bedrock) or anthropogenic.

These specific factors are likely to render inappropriate the use of the recommended attenuation
factors and the sub-slab, groundwater, and soil gas VISLs for healith protection.

Vapor source types that typically make the use of the recommended attenuation factors and
health-based VISLs for groundwater and soil gas inappropriate include:

¢ Those originating in landfills where methane is generated in sufficient quantities to
induce advective transport in the vadose zone.
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s Those originating in commercial or industrial settings where vapor-forming chemicals
can be released within an enclosed space and the density of the chemicals’ vapor may
result in significant advective transport of the vapors downward through cracks and
openings in floors and into the vadose zone.

s Leaking vapors from gas transmission lines.

In each case, the diffusive transport of vapors may be overridden by advective transport, and
the vapors may be transported in the vadose zone several hundred feet from the source of
contamination with little attenuation in concentration.

In general, EPA recommends that the user consider whether the assumptions underlying the
generic conceptual model are applicable at a given site. If they are not applicable, then EPA
recommends that the user not rely upon the medium-specific VISLs as a line of evidence for
characterizing the vapor intrusion pathway. Where the assumptions regarding the subsurface
attenuation factors do not or may not apply, EPA recommends collecting indoor air samples.

It should be emphasized that these VISLs are not response action levels or cleanup standards.
Instead, they are intended to be used to streamline the evaluation of sites and buildings by
helping the data review team identify areas, buildings, and/or chemicals of potential concern
that can be eliminated from further assessment at sites with subsurface sources of vapor-
forming chemicals. Comparison of sample concentrations to the VISLs is only one factor used in
determining the need for a response action at a site. As discussed further in Section 6.5.3, an
individual subsurface sampling result that exceeds the respective, long-term screening level
does not establish that vapor intrusion will pose an unacceptable health risk to building
occupants. Conversely, these generic, single-chemical VISLs do not account for the cumulative
effect of all vapor-forming chemicals that may be present. Thus, if multiple chemicals that have
a common, non-cancer toxic effect are present, a significant health threat may exist at a specific
building or site even if none of the individual substances exceeds its VISL.

6.5.2 Recommended Attenuation Factors for Health-based Screening

Vapor attenuation refers to the reduction in volatile chemical concentrations that occurs during
vapor migration in the subsurface, coupled with the dilution that can occur when the vapors
enter a building and mix with indoor air (Johnson and Ettinger 1991). The aggregate effect of
these physical and chemical attenuation mechanisms can be quantified through the use of a
vapor intrusion attenuation factor, which is defined as the ratio of the indoor air concentration
arising from vapor intrusion to the subsurface vapor concentration at the source or a depth of
interest in the vapor migration pathway (EPA 2012a).%

EPA compiled a database of empirical attenuation factors for chlorinated VOCs and residential
buildings through review of data from 913 buildings at 41 sites with indoor air concentrations

% As defined here, the vapor attenuation factor is an inverse measurement of the overall dilution that occurs as
vapors migrate from a subsurface source into a building; i.e., lower attenuation factor values indicate lower vapor
intrusion impacts and greater dilution; higher values indicate greater vapor intrusion impacts and less dilution (EPA
2012a, b). Johnson and Ettinger (1991) utilized the symbol a for the vapor intrusion attenuation factor.
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paired with sub-slab soil gas, groundwater, exterior soil gas, or crawl space concentrations
(EPA 2012a). After removing data that do not meet quality criteria and data likely to be
influenced by background sources, the distributions of the remaining attenuation factors were
analyzed graphically and statistically.”® Based upon these analyses, the attenuation factors in
Table 6-1 are recommended by EPA to derive the VISLs for health protection.

: - TABLEG6 1 ; '
RECOMMENDED VAPOR ATTENUATION FACTORS FOR RISK BASED

SCREENING OF THE VAPOR INTRUSION PATHWAY™*

Medium-specific Attenuation Factor for

Samgigeni editim Residential Buildings

Groundwater, generic value, except for shallow
water tables (less than five feet below foundation) or
presence of preferential pathways in vadose zone
soils

1E-03 (0.001)

Groundwater, specific value for fine-grained vadose

zone soils, when laterally extensive layers are 5E-04 (0.0005)
present72
Sub-slab soil gas, generic value 3E-02 (0.03)

“Near-source” exterior soil gas, generic value
except for sources in the vadose zone (less than five

feet below foundation) or presence of preferential 3E-02(0.03)
pathways in vadose zone soils
Crawl space air, generic value f 1E-00 (1.0)

With the exception of the “near-source” exterior soil gas attenuation factor, the recommended
values for residential buildings are the estimated 95" percentile values, rounded to one
significant figure. The rationale for these recommendations and related analyses is provided in
Appendix B. These recommended values are proposed to apply to all vapor-forming chemicals

79 A summary of the resulting distributions is provided in Appendix B of this document.

7 Use of these attenuation factors for estimating indoor air concentrations is contingent upon site conditions fitting the
generic model of vapor intrusion described in Section 6.5.1 and subsurface conditions being characterized in
accordance with the recommendations in Sections 6.3 and 6.4.

72 The Draft VI Guidance allows for the modification of VISLs for groundwater by incorporating a lower attenuation
factor, based upon “some site-specific inputs”, which estimates a greater reduction in vapor concentrations in the
vadose zone than the generic vaiue (EPA 2002¢, 2010b). In the Draft VI Guidance, graphs were provided from which
such "semi-site-specific’ attenuation factors could be selected and justified based upon site-specific soil type and
depth to the water table. Based upon analysis of EPA's expanded database, a single groundwater attenuation factor
is provided in this Final VI Guidance for fine-grained soils.
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for use in estimating potential upper-bound concentrations in indoor air that may arise from
vapor intrusion. When evaluating chemicals that are biodegradable in the vadose zone, the user
should recognize that these recommended groundwater and “near-source” soil gas attenuation
factors do not include the effects of biodegradation.” Because biodegradation is not expected
to occur indoors (i.e., in indoor air in the absence of an air treatment system), the sub-slab soil
gas and crawl space attenuation factors are expected to apply equally to vapor-forming
chemicals that biodegrade in the vadose zone and those that do not.

As with the medium-specific VISLs, the user should consider whether there are site- or building-
specific factors that may result in unattenuated or enhanced transport of vapors toward and into
a building, such as the presence of preferential migration pathways as described in Section 5.5.
The presence of such factors is likely to render inappropriate the use of any of these generic
attenuation factors. :

The VISL Calculator (http://www.epa.gov/oswer/vaporintrusion/guidance.htmi) also facilitates
calculation of groundwater screening levels based on the recommended attenuation factor for
fine-grained soil. Any use and application of this semi-site-specific groundwater attenuation
factor should be supported by site-specific geologic information (i.e., site geology and
subsurface lithology). Significant characterization of the vadose zone may be needed to
demonstrate that fine-grained layers are laterally extensive over distances that are large
compared to the size of the building(s) or the extent of vapor contamination at a specific site,
which is the recommended support for using the semi-site-specific attenuation factor for fine-
grained soil.”* For purposes of applying the groundwater attenuation factors, the depth to
groundwater should be estimated relative to the bottom of the building foundation and should be
based upon the seasonal high groundwater table.

6.5.3 Comparing Sample Concentrations to Health-based Screening Levels

When evaluating environmental sampling results to assess the vapor intrusion pathway, it is
important to first determine that the samples were collected appropriately. Section 6.4 provides
guidance about recommended sampling locations and procedures for vapor intrusion
investigations. In addition, EPA recommends collecting and evaluating appropriate site-specific
information to demonstrate that the property fulfills the conditions and assumptions of the
generic conceptual model underlying the VISLs, as described in Section 6.5.1.

After verifying that the CSM justifies the use of the VISLs, the individual sample concentrations
may be compared to the appropriate medium-specific screening levels. In order to select the
appropriate target media concentrations for comparison, it generally is important to identify

& Appropriate data can be collected and evaluated, as described in Section 6.3.2, to characterize and document the
occurrence of biodegradation in the vadose zone and its effects in attenuating vapor concentrations of biodegradable
vapor-forming chemicals.

™ The general soil type assigned to paired vapor intrusion data in the EPA’s database “generally represents the
coarsest soil described in the vadose zone near the sample location” unless “sufficient stratigraphic information was
available to indicate finer sediments are laterally continuous” (EPA 2012a). EPA recommends that similar criteria be
applied to justifying the use of the semi-site-specific attenuation factor for groundwater (or selection of soil-related
parameters for modeling (see Section 6.6). For these purposes, soil classified as clay, silty clay, silty clay loam, or silt
in accordance with the U.S. Soil Conservation Service classification system can be considered to be “fine-grained.”
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whether a source of vapors for a building or a developed area occurs in the unsaturated zone,
which is an important aspect of the CSM. This allows the site data to be segregated into two
categories:

1) Data representing areas where contaminated groundwater is the only source of
contaminant vapors.

In this first case, groundwater VISLs are generally appropriate to use to evaluate
groundwater concentrations obtained in accordance with the recommendations in
Sections 6.3.1 and 6.4.5. To demonstrate that groundwater poses negligible risk of
vapor intrusion on an area-wide basis, it may be appropriate to compare sampling
results for the most greatly impacted well within the area of interest and show that these
results are less than the groundwater VISLs. Under these circumstances, EPA
recommends that the plume be shown to be stable or shrinking (i.e., is not migrating or
rising in concentration, including hazardous byproducts of any biodegradation) to
establish that the potential for vapor intrusion to pose a health concern will not increase
in the future.

“Near-source” soil gas data (i.e., soil gas samples collected immediately above the water
table) could be compared to the soil gas VISLs to obtain a corroborating line of
evidence.

2) Data representing areas where the underlying vadose zone soil contains a source of
vapors (e.g., residual NAPL).

In this second case, EPA recommends that only soil gas VISLs be used and compared
to results from "near-source” soil gas samples collected near the vapor source zone. In
this situation, the groundwater VISLs (and vapor attenuation factors for groundwater) are
not recommended to estimate potential upper-bound indoor air concentrations, because
they have been derived assuming no other vapor sources exist between the water table
and the building foundation.

In both cases, because of the complexity of the vapor intrusion pathway, EPA recommends that
professional judgment be used when applying the VISLs.

Generally, if all sample concentrations for a given building or area are less than the respective
medium-specific screening level, then vapor intrusion is less likely to pose an unacceptable
health risk to building occupants. On the other hand, when individual sample concentrations
exceed the respective screening level, additional assessments may be warranted. So, for
example, if a groundwater or "near-source” soil gas concentration exceeds the respective
screening level, then sub-slab soil gas testing and indoor air testing may be warranted.

However, we would note that any individual subsurface sampling result that exceeds the
respective, long-term screening leve!l does not establish that vapor intrusion will pose an
unacceptable health risk to building occupants. For one, the subsurface screening levels are
expected to be conservative (i.e., are likely to over-estimate the contribution to indoor air levels
arising from vapor intrusion) for many buildings due to the use of a high-end attenuation factor
(see Section 6.5.2). In many cases, indoor air concentrations arising from vapor intrusion would
be expected to be lower than those estimated using the recommended generic attenuation
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factors. For carcinogens, the screening levels are set using a one-per-million lifetime cancer risk
(i.e., 10°). Finally, sampling results can be expected to be variable spatially and temporally and
these screening levels assume a long period of exposure at the stated concentration.

Owing to the temporal variability in building-specific data and the potential temporal and spatial
variability in subsurface vapor concentrations, EPA generally recommends multiple samples be
collected (see Section 6.4) and compared to the respective medium-specific screening level. In
addition, the results of risk-based screening are generally most useful when they can be
evaluated for indoor air and subsurface sources concurrently and in the context of the CSM.
EPA, therefore, generally recommends that multiple lines of evidence be developed and their
results weighed together when evaluating and making risk-informed decisions pertaining to
vapor intrusion. EPA generally recommends that concordance among the multiple lines of
evidence be obtained, particularly when considering a determination that the vapor intrusion
pathway does not pose an unacceptable health risk. Sections 7.1, 7.2, and 7.3 provide
additional information and recommendations about developing and using multiple lines of
evidence and risk management decision-making.

6.5.4 Planning for Communication of Sampling Results

The community involvement or public participation plan (See Section 10.1) should address
community concerns and preferences for participation regarding sampling results. Generally,
EPA recommends that the site planning team provide validated results to property owners and
occupants within approximately 30 days of receiving these results. These results can be
transmitted in a letter, which should also indicate what future actions, if any, may be necessary.
In addition, the site planning team may choose to hold a community meeting to discuss the
sampling results in general terms and EPA'’s plans, if any, for response actions. Section 10.4
provides additional guidance for communicating sampling results.

6.6  General Principles and Recommendations for Modeling

When suitably constructed, documented, and verified, mathematical models can provide an
acceptable line of evidence supporting risk management decisions pertaining to vapor intrusion.
In certain situations (e.g., for future construction on vacant properties), it is particularly useful to
employ mathematical modeling to predict reasonable worse case indoor air concentrations,
because indoor air testing is not possible. However, EPA does not recommend modeling as the
only line of evidence to screen out a site. Modeling is most appropriately used in conjunction
with other lines of evidence. For example, in the brownfield development case (i.e., yet-to-be-
constructed building), these additional lines of evidence generally should include, at a minimum,
data that characterize potential vapor sources and associated geologic and hydrologic
conditions (see Sections 6.3.1 and 6.3.2).

Generally, environmental models transform empirical values of input parameters into predictions
of chemical concentrations in environmental media. The model input parameters are equally as
important to the results as the mathematical components of the model (i.e., governing equations
and solution algorithms). As a consequence, the results critically depend on the choices for the
inputs.
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Historically, to assure confidence in model predictions, they have been compared to measured
values. When measured and predicted values. do not reasonably match, model input
parameters are adjusted through calibration. For example, calibration is commonly used in
groundwater flow modeling, in which model-predicted groundwater levels are matched to
measured groundwater levels for a baseline condition to gain insight into hydrogeologic
properties. The calibrated input parameters must reasonably represent the underlying
phenomena and the characteristics of the model must reasonably match the field situation.
Calibration of models is known to be non-unique, so that different sets of parameters can be
used to fit the same observed data. This means that calibration does not produce a theoretically
correct set of parameters. Because various values of input parameters could be used in the
calibrated model, there will always be uncertainty as to the actual values.

Three approaches exist for applying mathematical models in these circumstances:

1) Calibrating the model to the measured indoor air concentration (and, possibly, the sub-
slab soil gas concentration) considered to be representative of vapor intrusion (i.e.,
background sources have been identified and removed prior to sampling and data
evaluation indicates that the concentration is reasonably attributable to vapor intrusion).
Calibration entails adjusting the input parameters within plausible and realistic ranges so
that the predicted indoor air concentrations (or sub-slab soil gas concentrations) are
similar to the measured concentrations. The adjusted input parameters can then be
compared to site-specific conditions to verify that the CSM is sound.

2) Conducting an uncertainty analysis (perhaps using an automated uncertainty analysis (
see http://www.epa.gov/athens/learn2model/part-two/onsite/uncertainty-vi.htm! as only
one example)) to understand where, within the probability distribution of results, model
results with pre-selected default parameters lie. This approach may be particularly useful
where indoor air concentrations have not been measured or non-site-specific inputs
have been used.

3) Using a bounding case analysis, where parameters are chosen to represent conditions
that give a high-impact (“reasonable worse”) case. This approach may be particularly
useful where the predicted "worse case” indoor air concentrations can be shown to pose
acceptable health risks. The range of predicted indoor air concentrations can be
established if the analysis also includes a low-impact (“best”) case.

Unless site-specific parameter values are obtained for input parameters and the model is
calibrated to field data, use of default input parameter values will generate model results that lie
at an unknown point within an uncertainty band of the model outcomes. Because the combined
effect of parameter uncertainty is large, a one- or two-order of magnitude error might be made
unknowingly. To reduce these errors, sub-slab vapor sampling could be used to characterize
the vapor profile beneath a building. Model results (i.e., predicted sub-slab soil gas
concentrations) that match that profile would have increased confidence. Alternately, using
bounding estimates of parameter values could provide a conservative model result that would
be expected to represent the reasonable worse case of potential exposure.

Three examples follow where differing model applications would be useful:
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1) Verify General Magnitude. Modeling using site-specific inputs can be useful for verifying
the general magnitude of measured indoor air sample concentrations, which may allow
risk managers to reach supportable conclusions not to conduct additional indoor testing.
In this situation, the model should be calibrated to indoor air measurements and the
plausibility of the calibrated input parameters evaluated. If the calibrated model input
parameters are plausible, then they can be considered an additional line of evidence
supporting risk management decisions.

2) Explore Range of Outcomes through Uncertainty Analysis. In certain situations, indoor
air testing is not possible {e.g., for future construction on vacant properties) or feasible.
Here the range of possible outcomes could be explored with the model through an
uncertainty analysis. For example, model input parameters, including building and
vadose zone soil properties, could be varied within plausible ranges to determine the
parameters to which the model is most sensitive to guide field investigations. Uncertainty
analyses can also be used to ascertain whether the vapor source concentrations are
such that indoor air samples should not be expected to contain detectable levels of
vapor-forming chemicals present in the subsurface.

3) Generate Bounding Estimates. If the range of parameter values is known with
confidence for the site, then parameters can be chosen to represent the bounding case
of maximum plausible vapor intrusion (e.g., worse case).

In each of these examples, model parameters might vary in space and time because of
subsurface heterogeneity, transient hydrologic conditions, or variation in building operation.
Thus, there is a need for characterizing spatial and temporal variability.

Models provide opportunities to predict conditions that cannot be observed directly, but the
reliability of the results need to be questioned, especially when limited site-specific data are
available, and the model is not calibrated to observed indoor air concentrations. Use of a
generic, conservative attenuation factor (see Section 6.5.2) to predict potential, reasonable
worse case indoor air concentrations implicitly represents use of a model, even when the
attenuation factor is selected from an empirical data set. Whether the model is implicit (e.g.,
generic, conservative attenuation factor) or explicit (e.g., mathematical model in screening
mode), both analytic approaches make the assumption that site-specific attenuation is likely to
be greater and the indoor air concentration(s) is (are) likely to be lower than predicted value(s).

The use of extreme and non-representative assumptions or parameter values is the most
common weakness of environmental modeling. Mathematical modeling typically yields more
reliable results when used with high-quality, site-specific data inputs (that is, representative
groundwater or soil gas concentrations, depth to groundwater, air exchange rate, building
mixing height, and soil type, for example) and is calibrated to the observed data; in these cases,
the site-specific data inputs and CSM provide additional lines of evidence supporting the use of
modeling as a line of evidence.

EPA has developed and refined a spreadsheet program that can be used to estimate indoor air
concentrations and associated health risks arising from subsurface vapor intrusion into
buildings. The models in this program are based on the analytical solutions of Johnson and
Ettinger (1991) for contaminant partitioning and subsurface vapor transport into buildings. This
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model is well known, was used as an example in the American Society for Testing and Materials
(ASTM) risk-based corrective action guide for petroleum hydrocarbons (ASTM 1995), and is
recommended or supported by several states when estimating subsurface soil and groundwater
concentrations protective of indoor inhalation. The program can be used for any of the above
modeling approaches: calibrated modeling, uncertainty analysis, or bounding case analysis.
This-model does not, however, account for biodegradation, so the results are very conservative
for petroleum hydrocarbons and other aerobically-degraded chemicals. The program, additional
information, and an associated user’'s guide (EPA 2013e) are available at OSWER'’s website
devoted to vapor intrusion.

Whenever modeling is used to make predictions pertaining to vapor intrusion, EPA recommends
that the site planning and data team:

* ldentify the underlying mathematical model and include appropriate references to
document that it has been peer-reviewed.

* Verify that the selected model fits the CSM and is appropriate for the chosen purpose.
» Document all inputs and outputs in a readily recognizable and understandable format.

» |dentify the critical parameters and conduct a sensitivity analysis for the most critical
parameters.

* Determine and document the appropriate modeling approach (e.g., calibration,
uncertainty analysis, bounding case analysis).

* Perform new individual measurements (i.e., field sampling) to confirm one or more
results of the modeling.

A critical assumption underlying almost all models of vapor intrusion is that site-specific
subsurface characteristics will tend to reduce or attenuate vapor concentrations as vapors
migrate upward from the source and into overlying structures. Mathematical modeling of vapor
intrusion is, therefore, not generally recommended for sites and buildings where unattenuated or
enhanced transport of vapors toward and into a building is reasonably expected. Section 6.5.1
identifies several factors that may result in unattenuated or enhanced transport of vapors toward
and into a building.
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7.0RISK ASSESSMENT AND MANAGEMENT FRAMEWORK

This section provides general recommendations about risk-informed decision-making pertaining
to vapor intrusion. The risk-management guidance described herein presumes that a sound
CSM has been developed (see Sections 5.4 and 6.2), which is supported by multiple lines of
evidence, and that subsurface vapor sources have been characterized (see Section 6.3.1)
sufficiently to support the risk management decisions for the site. EPA also notes that temporal
and spatial variability of sampling data can span at least an order of magnitude and often more.

Site-specific decisions potentially supported by the guidance described in this section include:

s Whether to install engineered exposure controls to prevent or reduce the impacts of
vapor intrusion in specific buildings.

s Whether to remediate subsurface vapor sources for the site to reduce risks posed by
vapor intrusion.

* Whether the vapor intrusion pathway is incomplete and there is no potential for human
exposure under current or future conditions.

o Whether to collect additicnal information as part of the detailed vapor intrusion
investigation or monitor indoor air as part of an overall vapor intrusion remedy.

As conditions warrant and resources allow, EPA generally recommends that officials
responsible for overseeing cleanups pursuant to RCRA and CERCLA ensure that past
decisions pertaining to vapor intrusion continue to be supported by current conditions (EPA
2002b).

Finally, EPA encourages systematic approaches to decision-making, which can foster scientific
rigor, consistency, and transparency.

7.1  Collect and Weigh Site-specific Lines of Evidence

Current practice suggests that the vapdr intrusion pathway generally should be assessed using
multiple lines of evidence. As discussed in Sections 5.1,.5.5, 5.6.2, 6.3, 6.4, and 6.5, lines of
evidence to support development of the CSM and evaluate the vapor intrusion pathway may
include, but are not limited to:

Subsurface Vapor Sources

» Site history and source of the contaminants to demonstrate that vapor-forming chemicals
have been or may have been released to the underlying and surrounding subsurface
environment and identify the type of vapor source (e.g., vapor-forming chemicals
dissolved in groundwater or present in a NAPL).

s Groundwater data (generally recommended from more than one sampling event), as
appropriate, to confirm the presence of a water-table aquifer as a source of vapors, if
applicable, and establish its chemical and hydrogeologic characteristics.
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Soil gas data, bulk soil sampling data, and/or NAPL sampling data to confirm the
presence of contamination in the vadose zone as a source of vapors, if applicable, and
establish its chemical and physical characteristics.

Comparison of groundwater and soil gas concentrations to VISLs to evaluate source
strength and potential for a health concern if the vapor intrusion pathway is complete.

Vapor Migration and Attenuation in the Vadose Zone

Soil gas survey data, including some level of vertical and spatial profiling, as appropriate,
to confirm soil gas migration and attenuation along anticipated paths in the vadose zone
between sources and buildings.

Data on site geology and hydrology (e.g., soil moisture and porosity) to support the
interpretation of soil gas profiles, the characterization of gas permeability, and the
identification of anticipated soil gas migration paths in the vadose zone or the
identification and characterization of impeded migration.

Vertical profiles of chemical vapors, electron acceptors for microbial transformations
(e.g., oxygen), and biodegradation products (e.g., methane, vinyl chloride) to
characterize attenuation due to biochemical processes.

Utility corridor assessment to identify preferential pathways for subsurface vapor
migration between sources and buildings

Building Foundation Assessment, Including Susceptibility to Soil Gas Entry

Building construction and current conditions, including utility conduits or other
preferential pathways of soil gas entry, heating and cooling systems in use, and any
segmentation of ventilation and air handling.

Tracer-release (e.g., sulfur hexafluoride) data to verify openings in building foundations
for soil gas entry or assess fresh air exchange within buildings.

Instrumental (e.g., PID) readings to locate and identify potential openings for soil gas
entry into buildings.

Grab samples of indoor air near openings for soil gas entry into buildings.

Pressure data to assess the driving force for soil gas entry into building(s) via advection.
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Interior Assessment

e Sub-slab (or crawl space) soil gas data (generally recommended from more than one
sampling event and in multiple locations) to assess concentrations potentially available
for entry with any intruding soil gas.

 Indoor air sampling data (generally recommended from more than one sampling event’
and for multiple locations in a given building) to assess the presence of subsurface
contaminants in indoor air, estimate potential exposure levels to building occupants to
support site-specific exposure and risk assessments (see Section 6.7.2), and otherwise
diagnose vapor intrusion.

* Results of mathematical modeling that rely upon site-specific inputs.

s Comparative evaluations of indoor air and sub-slab scil gas data, including calculation
and comparison of building-specific, empirical attenuation factors (EPA 2012a, Section
3.0) (e.g., to assess their consistency among subsurface contaminants to assist in
identifying indoor vapors arising from vapor intrusion).

Indoor and Outdoor Sources of Vapor-forming Chemicals Found in the Subsurface

» Building-specific indoor sources of volatile chemicals.

+ Concurrent outdoor air data to assess potential contributions of ambient air to indoor air
concentrations.

Additional Supporting Lines

* Results of statistical analyses (e.g., data trends, contaminant ratios) to support data
interpretation.

The relative strength of these and other individual lines of evidence will depend on site-specific
factors, which should be reflected in the CSM, and the objectives of the investigation. For
example:

* When the primary subsurface vapor source is NAPL in the vadose zone, soil gas or bulk
soil data would generally be needed to characterize the extent of the vadose zone
contamination, as discussed in Section 6.3.1.7In this situation, groundwater data would
not be necessary for assessing the potential for vapor intrusion to pose an unacceptable

8 In certain cases, depending in part on the results (e.g., concentrations exceed risk-based screening levels), indoor
air sampling data may be a sufficient basis for supporting decisions to undertake pre-emptive mitigation (see Section
9) in lieu of additional rounds of sampling and analysis or an evaluation of the contribution of background sources to
indoor air concentrations.

"® Because of the large uncertainties associated with measuring concentrations of volatile contaminants introduced
during soil sampling, preservation, and chemical analysis, bulk soil (as opposed to soil gas) sampling and analysis is
not currently recommended for estimating the potential for vapor intrusion to pose unacceptable health risks in indoor
air. In addition, there are uncertainties associated with soil partitioning calculations.
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risk to occupants of any building overlying the NAPL zone. When shallow groundwater is
the primary subsurface vapor source underneath a building, groundwater sampling data
from the uppermost hydrogeologic unit would be an appropriate line of evidence for
purposes of assessing the potential for vapor intrusion to pose an unacceptable health
risk, unlike the previous example.

* In both of the preceding cases, information about the type of soil underlying the buildings
would be useful for characterizing the subsurface vapor migration path between the
subsurface vapor source and the building. Sub-slab soil gas samples and indoor air
samples (if background sources are removed or accounted for), in concert with other
lines of evidence, can provide a strong line of evidence regarding the completeness of
the vapor intrusion pathway.

= For an industrial building, indoor air testing while the HVAC system is not operating (see
Section 6.3.3) could be useful for diagnosing vapor intrusion. On the other hand, single-
family detached homes can generally be presumed susceptible to soil gas entry when
heating or cooling systems are operating.

7.2 Assess Concordance Among the Lines of Evidence

To the risk manager, the ideal outcome from collecting multiple lines of evidence is a
concordant set of site-specific information that unambiguously supports decisions that can be
made confidently. Based upon accumulated observations at many buildings and sites, the vapor
intrusion site where all available information is in agreement and is unambiguous may be the
exception rather than the rule. Some lines of evidence may not be definitive. Indoor air and
subsurface concentrations can be greatly variable temporally and spatially. At worse, some
individual lines of evidence may be inconsistent with other lines of evidence. In general, when
lines of evidence are not concordant and the weight of evidence does not support a confident
decision, EPA recommends collecting a new line(s) of evidence (e.qg., indoor air data, if only
subsurface data have been collected so far), an additional round of sampling data, or
appropriately adjusting the CSM to better represent the weight of the available evidence.

For example, a building overlying contaminated shallow groundwater may have high
concentrations of vapor-forming chemicals in the sub-siab soil gas samples, but lower
concentrations in soil gas samples collected exterior to the building at intermediate depths.
In this example, the exterior soil gas data suggest there may not be a connected vapor
migration path between the groundwater source and the building that exhibits continuous
attenuation along the path. Nevertheless, the data review team may conclude that vapor
migration is capable of transporting hazardous vapors from the source to building(s) if the
groundwater and sub-slab soil gas samples share common contaminants that are known or
suspected to have been released at the site (for example, samples of both groundwater and
the sub-slab soil gas contain TCE). In this circumstance, the data review team may wish to
consider whether the occurrence of a higher TCE concentration in the sub-slab soil gas than
in the exterior soil gas sample(s) can be explained by: (1) a previously unknown or
unrecognized utility corridor or other preferential pathway that provides relatively
unattenuated vapor transport between the groundwater and the building; (2) a previously
unknown or unrecognized source of TCE in the vadose zone, or (3) the possibility that the
soil gas samples were not well located for purposes of characterizing subsurface vapor
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migration. This example also underscores the importance of developing an adequate CSM
(e.g., identify all sources and preferential subsurface pathways) and illustrates why EPA
generally recommends that the vapor intrusion pathway not be deemed incomplete based
upon any single line of evidence (EPA 2010), such as exterior soil gas in this example.

When lines of evidence are not concordant and the weight of evidence does not support a
confident decision, additional sampling or collecting additional lines of evidence may be
appropriate, depending upon the CSM. For example:

Appropriate site-specific testing (see Section 6.3.5) can be conducted to assess the
contribution of background sources of vapor-forming chemicals, including comparisons
among chemicals of their relative concentrations in indoor air, outdoor air, and soil gas.
Background sources of vapor-forming chemicals may help to explain situations where
the indoor air concentration is higher than can be accounted for by the subsurface vapor
source or the sub-slab soil gas data.

Diagnostic testing of indoor air (see Section 6.4.1), building condition assessments or
utility surveys, or supplemental hydrogeologic characterization (see Section 6.3.2) can
be used to investigate the suspected presence of preferential pathways, such as those
described in Section 5.4. Such investigations may help to explain situations where the
sub-slab or indoor air concentration appears to reflect unattenuated vapor transport from
the subsurface vapor source.

Building susceptibility to vapor intrusion can be tested {see Section 6.3.3), which may
help to explain situations where the indoor air concentration is significantly lower than
expected based upon the sub-slab soil gas data.

Vapor migration in the vadose zone can be further characterized to identify impedances
to vapor migration (see Section 6.3.2), appropriate semi-site specific attenuation factors
can be considered (see Section 6.5.2), and appropriate modeling can be conducted (see
Section 6.6) to investigate site-specific vapor attenuation. Such data and analyses may
help to explain situations where the sub-slab soil gas concentration is significantly lower
than expected based upon groundwater source or “near-source” soil gas concentrations
and the respective medium-specific attenuation factor. In some of these situations, the
vapor intrusion pathway may be impeded, or perhaps even incomplete, due to geologic,
hydrologic, or microbial characteristics in the vadose zone.

Recognizing the temporal and spatial variability of indoor air and subsurface concentrations and
the potentially episodic nature of vapor intrusion at some sites, EPA generally recommends
collecting more than one round of sampling in the respective media from more than one
location. As a result of evaluating multiple data sets from individual sampling events, the data
review team might be faced with considering different recommended response actions for
different sampling events. Considerable judgment may be necessary in reconciling such
outcomes and supporting decision-making.

In summary, EPA generally recommends the appropriate use and evaluation of a multiple lines
of evidence approach for determining whether the vapor intrusion pathway is complete or not,
whether any elevated levels of contaminants in indoor air are likely caused by subsurface vapor
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intrusion versus an indoor source or an ambient (outdoor) air source, whether concentrations of
subsurface contaminants in indoor air pose a health concern, and whether interim response
measures to mitigate vapor intrusion are warranted.

7.3 Evaluate Whether the Vapor Intrusion Pathway is Complete or Incomplete

Considerable scientific and professional judgment may be needed when weighing lines of
evidence to determine whether the vapor intrusion pathway is complete or incomplete. In
accordance with the conceptual model of vapor intrusion (see Section 2), the vapor intrusion
pathway is deemed likely to be complete for a specific building or collection of buildings when:

* A subsurface source of vapor-forming chemicals is present (see Sections 5.3 and 6.3.1).

» Subsurface vapor migration is capable of transporting hazardous vapors from the source
to buildings (see Section 6.3.2).

» Buildings are susceptible to soil gas entry, which may include consideration of conditions
when HVAC systems are not operating (see Section 6.3.3).

» Vapor-forming chemicals are present in the indoor environment (which can be confirmed
by indoor air sampling and analysis for site-related vapor-forming chemicals that also are
found in the subsurface environment (see Sections 6.3.4 and 6.4.1)).

Each of these conditions entails obtaining and weighing multiple lines of evidence. The various
lines of evidence should be considered and evaluated together in determining completeness of
the vapor intrusion pathway.

The conceptual model described in Section 2 identifies the characteristics of the vadose zone
that could render the vapor intrusion pathway incomplete under current and future conditions.
These individual characteristics include, but are not limited to:

*» Soil layers that impede vapor transport due to geologic or hydrologic conditions (e.g.,
fine-grained soil, soil with high moisture content) and are laterally extensive over
distances that are large compared to the size of the building(s) or the extent of
subsurface contamination with vapor-forming chemicals; and

* A biologically active vadose zone that can significantly attenuate vapor concentrations
due to biodegradation, in which all appropriate conditions (e.g., nutrients, moisture, and
electron acceptors, such as dissolved oxygen in the case of aerobic biodegradation) are
readily available over a laterally extensive area.

When present, these characteristics should generally be established by collecting, evaluating,
and documenting multiple lines of evidence, as identified in Section 6.3.2. In addition, EPA
recommends that any determination that the vapor intrusion pathway is incomplete be
supported by site-specific evidence to demonstrate that:

» The nature and extent of vapor-forming chemical contamination in the subsurface has
been well characterized. Ideally, where groundwater is the source of vapors, the plume
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has been shown to be stable or shrinking to establish that the potential for vapor
intrusion to pose a health concern will not increase in the future.

e The types of vapor sources and the conditions of the vadose zone and surrounding
infrastructure do not present opportunities for unattenuated or enhanced transport of
vapors toward and into any building {e.g., via preferential migration pathways), as
discussed in Sections 6.2.1 and 6.5.1.

When the vapor intrusion pathway is determined to be incomplete, then vapor intrusion
mitigation is not generally warranted under current conditions. EPA recommends that site
managers also evaluate whether subsurface vapor sources that remain have the potential to
pose unacceptable health risks due to vapor intrusion in the future if site conditions were to
change. For example, potentially unpredictable changes in the transitory soil characteristics
(e.g., soil moisture) and subsurface vapor concentrations may occur as a result of constructing
a new building or supporting infrastructure. Either type of change could result in the potential for
unacceptable health risks due to vapor intrusion in the future. Response actions may, therefore,
be warranted to protect human health wherever and as long as subsurface vapor sources
remain that have the potential to pose unacceptable health risks in the future due to vapor
intrusion. These response actions (see Section 7.6) may include institutional controls (see
Section 8.6) (e.g., to record the presence of subsurface vapor sources and/or to require a
confirmatory vapor intrusion investigation if infrastructure or geologic conditions are modified in
the future). In addition, subsurface remediation may be warranted to protect human health or
the environment via other exposure pathways (e.g., groundwater discharge to surface water
bodies) in accordance with applicable statutes.

7.4  Conduct and Interpret Human Health Risk Assessment

EPA generally recommends that a human health risk assessment be conducted to determine
whether the potential human health risks posed to building occupants are within or exceed
acceptable levels in accordance with applicable statutes. The risk posed to building occupants
by intrusion of a given vapor-forming chemical will depend upon its toxicity, its concentration in
indoor air, the amount of time the occupants spend in the building, and other variables (e.g., life
stage of population can matter for some chemicals). EPA recommends that risk assessment
guidance be used to identify, develop, and combine information about these variables and
characterize health risks due to vapor intrusion from subsurface contaminant sources.

For the vapor intrusion pathway, the inhalation route is the primary means of human exposure.
Therefore, the health risk assessment uses estimates of indoor air exposure concentrations,
exposure duration and frequency for building occupants, and the potential toxicity of the vapor-
forming chemicals found in the subsurface (e.g., inhalation unit risk and noncancer reference
concentration) to characterize risks of cancer and noncancer effects (EPA 2008c). Generally,
exposure concentrations in existing buildings can be estimated using direct measurements of-
indoor air (see Sections 6.3.4 and 6.4.1). EPA recommends that time-integrated measurements
from more than one sampling event generally be used to estimate exposure concentrations
appropriate for the exposure (occupancy) scenario being evaluated (e.g., residential versus
commercial). The noncancer assessment should consider the potential for adverse health
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effects from short-duration exposures to elevated exposure concentrations (i.e., acute, short-
term, or subchronic exposure durations),”” as well as longer term exposure (i.e., chronic
exposure) conditions. Toxicity values should be selected in accordance with OSWER'’s
hierarchy of sources (EPA 2003).

When a single vapor-forming chemical is present in the subsurface and intrudes as a vapor into
occupied building spaces, the noncancer health risk can be characterized by calculating the
noncancer hazard quotient (HQ). When multiple vapor-forming chemicals are present in the
subsurface and intrude as vapors into occupied building spaces, the HQ estimates for each
chemical are aggregated (as a simple sum), based upon the assumption that each chemical
acts independently (i.e., there are no synergistic or antagonistic toxicity interactions among the
chemicals), after segregating the chemicals by toxic effect to derive separate hazard index (HI)
values for each effect.

The carcinogenic risks can be characterized by calculating the excess cancer risk over a lifetime
(LCR) and, if multiple vapor-forming chemicals are present, aggregating the LCR estimates for
each carcinogen (as a simple sum), based upon the assumption that each chemical acts
independently.

Where the aggregated carcinogenic risk to an individual based upon a reasonable maximum
exposure condition for both current and future land use is less than one per ten thousand (i.e.,
10™ or one hundred per million) and the noncancer Hi is less than 1, response action is
generally not warranted for vapor intrusion.” The upper boundary of the risk range is not a
discrete line at 10, A specific risk estimate around 10™* may be considered acceptable if
justified based on site-specific conditions. A risk manager may also decide that a risk level less
than 10" is unacceptable due to site-specific reasons and that response action is warranted.

Any human health risk assessment should be documented and summarized in any decision
document.

7.5  Concentration Levels Indicating Potential Need for Prompt Response Action
In some circumstances, safety and health concerns arise from vapor intrusion, which warrant

prompt response action. This Section provides some recommendations for identifying such
circumstances.

™ The inhalation reference concentration {RfC) (expressed in units of mass concentration in air) is defined as an
estimate (with uncertainty spanning perhaps an order of magnitude) of a continuous inhalation exposure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects
during a lifetime. "Reference values may also be derived for acute (<24 hours), short-term (>24 hours, up to 30 days),
and subchronic (>30 days, up to approximately 10% of the life span) exposure durations, all of which are derived
based on an assumption of continuous exposure throughout the duration specified.” See
http://www.epa.govincealiris/help_ques htm#whatiris

" When a single vapor-forming chemical is present in the subsurface and intrudes as a vapor into occupied building
spaces, the single-chemical LCR and HQ values are evaluated using the same risk benchmarks as described for
multiple chemicals.
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7.5.1 Potential Explosion Hazards

EPA recommends using the chemical-specific LELs to identify potential explosion hazards (e.g.,
for methane and other petroleum hydrocarbons). Whenever building-specific data (such as
results from sub-slab soil gas samples and crawl space samples for any building type or indoor
air samples from sheds, pump houses, or other confined or semi-confined spaces) exceed one-
tenth (10%) of the LEL for any chemical, a hazard is indicated that generally warrants prompt
action. "*® EPA recommends evacuation of buildings with potential explosion and fire hazards,
along with notification of the local fire department about the threat.

7.5.2  Considering Short-term and Acute Exposures

EPA may identify health-protective concentration levels for vapor-forming chemicals based upon
potential noncancer health effects that can be posed by air exposures over short-term or acute
exposure durations, using sources of toxicity information in accordance with OSWER's
hierarchy (EPA 2003). Although the indoor air concentrations may vary temporally, an
appropriate exposure concentration estimate (e.g., time-integrated or time-averaged indoor air
concentration measurement in an occupied space ~ see Section 6.4.1) that exceeds the health-
protective concentration levels for acute or short-term exposure (i.e., acute or short-term hazard
quotient greater than one) indicates vapor concentrations that are generally considered
unacceptable. When indoor air concentrations in an occupied space exceed health-protective
concentration levels for short-term or acute inhalation exposures, prompt response action to
reduce or eliminate exposure is generally warranted.

7.6 Potential Response Actions
Response actions that may be implemented in existing buildings include:

e Temporary measures (see Section 8.2.1), if prompt action is warranted (see Sections
5.2 and 7.5) and installation of engineered exposure controls in the building(s) would not
be timely;

» Engineered exposure controls (see Section 8.2.2) with associated monitoring and
institutional controls (see Section 8.8), as an interim (but potentially long-term) measure;
and

= Remediation of the subsurface vapor source (see Section 8.1) with associated
monitoring and institutional controls (see Section 8.6).

Response actions that may be warranted in buildings that may be constructed in the future
include;

7 NIOSH has designated such concentrations as immediately dangerous to life or health (IDLH).

= Although the building-specific data may vary temporally, any short-term exceedance of one-tenth of the LEL
indicates vapor concentrations that, given an ignition source and available oxygen, may be capable of causing an
explosion.
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* Remediation of the subsurface vapor source (see Section 8.1) with associated
monitoring and institutional controls (see Section 8.6); and

¢ Institutional controls (see Section 8.6) to require building mitigation (see Section 8.2.2)
and/or to require a confirmatory vapor intrusion investigation before the building is
occupied, in case the building is to be or may be constructed before subsurface vapor
sources are remediated to cleanup levels.

Indoor air monitoring has frequently been selected as a response action in circumstances where
subsurface vapor sources are present and the vapor intrusion pathway has not been shown to
be incomplete. Indoor air monitoring may be deemed warranted, for example:

e To better characterize spatial or temporal variability:

» To address uncertainty in the characterization of the vapor intrusion pathway when
subsurface sources have the potential to pose a health concern in overlying or nearby
buildings (e.g., incomplete pathway characterization, concern about the potential for
changes in building conditions, discordant lines of evidence); or

e For other site-specific or situation-specific reasons.
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8.0BUILDING MITIGATION AND SUBSURFACE REMEDIATION

This section summarizes information and guidance on potential options to mitigate and manage
vapor intrusion. It is organized as follows:

» Section 8.1 summarizes the role of subsurface remediation in mitigating vapor intrusion.

» Section 8.2 provides an overview of engineered exposure controls (i.e., building
mitigation technologies) for existing and new buildings.

« Sections 8.3 and 8.4 summarize guidance about operating and monitoring building
mitigation systems, respectively.

» Section 8.5 summarizes guidance about documenting building mitigation systems.
e Section 8.6 describes and provides guidance about institutional controls.

s Section 8.7 provides guidance about exit strategies (e.g., termination of: subsurface
remediation for vapor source control; building mitigation system operation; and
associated ICs).

Sections 5.2, 7, and 9 discuss potential bases for deciding to implement vapor intrusion
mitigation measures.

8.1  Subsurface Remediation for Vapor Source Control

The preferred response to the intrusion of vapors into buildings is to eliminate or substantially
reduce the level of contamination in the subsurface source media (e.g., groundwater,
subsurface soil, sewer lines) by vapor-forming chemicals to safe levels, thereby achieving a
permanent remedy. Remediation of the groundwater plume or a source of vapor-forming
chemicals in the vadose zone will eventually eliminate potential exposure pathways and can
include the following actions:

3

¢ Removal of contaminated soil via excavation;
* Removal of contaminated groundwater with pump-and-treat approaches; and

* Remediation of contaminated soil and groundwater in situ, using technologies such as
soil vapor extraction, multiphase extraction, air sparging, and bioremediation, or natural
attenuation.

In some cases, non-engineered controls or ICs, such as zoning or deed restrictions, and/or
resident relocation may accompany implementation of vapor source remediation methods (EPA
2008c). Because there is a substantial body of EPA guidance on remediation of subsurface
vapor sources (e.g., NRC 2004; EPA 1993b, 2006c), it is not discussed further here.
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8.2  Building Mitigation for Vapor Intrusion

In cases where subsurface vapor sources cannot be remediated quickly, it may be appropriate
to also undertake (interim) measures in individual buildings (i.e., building mitigation for vapor
intrusion) to promptly reduce threats to human health in occupied buildings. EPA recommends
that building mitigation for vapor intrusion be regarded as an interim action that can provide
effective human health protection. Vapor intrusion mitigation of buildings should not be viewed
as a substitute for remediation of subsurface vapor sources. EPA recommends that building
mitigation generally be conducted in conjunction with vapor source remediation where at all
possible.

The purpose of this section is to provide an overview of vapor intrusion mitigation for new and
existing buildings where building mitigation is determined to be warranted. Section 8.2.1
summarizes temporary measures that generally can be implemented relatively quickly to reduce
indoor air concentrations. Section 8.2.2 identifies and summarizes the most commonly
implemented engineered control methods for existing buildings. Section 8.2.3 identifies and
describes some approaches and considerations for addressing vapor intrusion for new
buildings. Additional detailed information about vapor intrusion mitigation technologies and their
selection, design, operation, and monitoring is provided in other EPA documents (EPA 1993a,
2008c, 2013b).

8.2.1 Temporary Measures for Existing Buildings

If measured indoor air concentrations are elevated or expected to be elevated (e.g., sub-slab
concentrations are higher than target screening levels) and mitigation will be delayed or require
substantial planning to complete, it may be appropriate to implement temporary measures in
advance of permanent building mitigation solutions. Temporary measures may include:

* Increasing building ventilation, for example using fans or natural ventilation;
» Sealing major soil gas entry routes;
e Treating indoor air; and
« Evacuation, which may include temporary re-location.
Each of these options is summarized in the remainder of this section.

Increasing building ventilation (i.e., increasing the rate at which indoor air is replaced with
outdoor air) can reduce the buildup of indoor air contaminants within a structure. Natural
ventilation may be accomplished by opening windows, doors, and vents. Forced or mechanical
ventilation may be accomplished by using a fan to blow air into or out of the building. Increased
ventilation is easiest and least costly to implement in locations where the air is not conditioned
(heated or cooled). If indoor air is conditioned, increased ventilation can be a costly option
because the conditioned air is ventilated to the outdoors. This drawback can be partly overcome
by use of heat exchangers, but they are also costly. Ancther concern is that exhausting air from
the building will generally contribute to under-pressurization of the building, relative to the
subsurface, thereby potentially resulting in an increased rate of soil gas entry (i.e., vapor
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intrusion) unless ambient air entry into the building is increased equivalently. In some cases,
ventilation may not be capable of reducing indoor air concentrations to acceptable levels. In
addition, building occupants may find it uncomfortable to increase the air exchange rate by more
than a factor of three or four.

Vapor intrusion into the building can also be reduced by sealing foundational openings using
products such as synthetic rubbers, acrylics, oil-based sealants, asphalt/bituminous products,
swelling cement, silicon, or elastomeric polymers. The selected sealants should be screened to
make sure they do not contain or emit vapor-forming chemicals that might pose a health risk to
building occupants. This mitigation approach is among the easiest and least expensive to
implement. In some cases, sealing openings may not be capable of reducing indoor air
concentrations to acceptable levels.

Commercially available indoor air cleaners include both in-duct models and portable air
cleaners. These devices operate on various principles, including zeolite and carbon sorption
and photocatalytic oxidation. Methods that rely on adsorption generate a waste that must be
disposed of appropriately or regenerated and require periodic replacement of the adsorption
“medium.

For buildings with potential explosion and fire hazards, EPA recommends evacuation, along
with notification of the local fire department about the threat. Evacuation may also be
implemented for buildings where the results of indoor testing reveal potentially toxic conditions
warranting prompt response action.®'

8.2.2 Engineering Controls for Existing Buildings

This section provides a brief overview of engineered vapor intrusion mitigation technologies that
can be used in existing buildings, along with a summary of steps and considerations for
selecting an appropriate mitigation method for a given building. The focus is on active
depressurization technologies most commonly employed for building mitigation. This focus does
not mean, however, that active depressurization technologies are always preferred over other
mitigation methods or that they will be the best option for every site. More detailed information
on vapor intrusion mitigation systems for existing buildings, including passive technologies,
can be found in several EPA publications (e.g., EPA 2013b, 2008c).

Active depressurization technologies (ADT) have been used successfully to mitigate the
intrusion of radon into buildings and have also been successfully installed and operated in
residential, commercial, and school buildings to control vapor intrusion from subsurface vapor-
forming chemicals. ADT systems are widely considered the most practical vapor intrusion
mitigation strategy for most existing buildings, including those with basement slabs or slab-on-
grade foundations. ADT systems are generally recommended for consideration for vapor

8 OSWER Directive 9230.0-97 (Superfund Response Actions: Temporary Relocations Implementation Guidance
(EPA 2002d)) provides policy and recommended procedures for temporarily relocating residents during response
actions carried out under Sections 104(a) and 106(a) of CERCLA.

82 Engineered exposure controls that do not involve mechanical operations (e.g., creating a barrier between the soil
and the building that blocks entry routes from the soil gas into the building) are referred to as “passive.”
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intrusion mitigation because of their demonstrated capability to achieve significant concentration
reductions in a wide variety of buildings®® and their moderate cost.

Sub-slab depressurization (SSD) systems, a common type of ADT system, function by creating
a pressure differential across the building slab to prevent soil gas entry into the building (i.e.,
overcoming the building’s natural under-pressurization, which is the driving force for vapor
intrusion). Creating this pressure differential is accomplished by extracting soil gas from beneath
the slab and venting it to the atmosphere.* Construction of SSD systems entails opening one or
more holes in the existing slab, removing scil from beneath the siab to create a “suction pit” (6—
18 inch radius), placing vertical suction pipes into the holes, and sealing the openings around
the pipes. These pipes are then connected together to a fan, which draws soil gas from the sub-
slab area through the piping and vents it to the outdoors. SSD systems were first developed for
radon reduction and operate under similar design principles as radon mitigation methods.

When sumps and associated drain tile systems are present, they may also be depressurized to
prevent soil gas entry into the building (again, overcoming the building’s natural under-
pressurization). This variation on active depressurization is often referred to as drain-tile
depressurization (DTD). Depressurization of drain tiles located near a foundation wall can help
control soil gas entry at the joint between the foundation wall and slab.

If the building has hollow block walls, the usual sub-slab suction point may not adequately
mitigate the wall cavities, which may be particularly important if the outside surfaces are in
contact with the soil. In these situations, the void network within the wall may be depressurized
by drawing air from inside the wall and venting it to the outside. This method, called “block-wall
depressurization” (BWD) is often used in combination with SSD. Because uniform
depressurization of block walls can be difficult and in some cases counterproductive, BWD is
generally recommended only when sub-slab or DTD prove inadequate to control vapor
intrusion.

In buildings with a crawl space foundation or a basement with a dirt floor, a flexible membrane
may be installed over the floor to facilitate depressurization of the soil gas beneath the
membrane, which prevents its intruding into the crawl space or basement air. For such sub-
membrane depressurization (SMD) system to be effective, the membrane should cover the
entire floor area and be sealed at all seams and penetrations.

Extensive guidance is available for the design, sizing, installation, and testing of ADT systems
for radon control in existing and new homes and large institutional (e.g., school) and commercial
buildings. EPA recommends that ADT systems be designed and installed by qualified persons,

% Folkes and Kurz (2002) describe a case study of a vapor intrusion mitigation program in Denver, Colorado. Sub-
slab depressurization systems and/or sub-membrane depressurization systems were installed in 337 residential
homes to control indoor air concentrations of 1,1-dichloroethene (DCE) resulting from migration of vapors from
groundwater with elevated 1,1-DCE concentrations. Over three years of monitoring data for 301 homes have shown
that these systems are capable of achieving the very substantial reductions in concentrations required by state
standards. Approximately one quarter of the systems required minor adjustment or upgrading after initial installation
in order to achieve the state standards.

8 Governmental permits or authorizations may be required for venting systems that exhaust to the atmosphere.
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typically environmental professionals and licensed radon contractors. EPA guidance for design
of ADT systems can be found in several publications (EPA 1993a, 2008c, 2013b).

EPA guidance for selecting, designing, and installing vapor intrusion mitigation systems for
existing buildings can be found in Technical Basis for the Selection, Design, Installation and
Operation & Maintenance of Vapor Intrusion Mitigation Systems (EPA 2013b). The vapor
intrusion Mitigation Quick Guide provided in Table 8-1 summarizes a list of steps for selecting
and implementing a vapor intrusion mitigation system in existing buildings, which have been
excerpied from this document.

The U.S. Navy issued a concise fact sheet that also contains useful technical information (DoN
2011b).
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TABLE 8 1

' VAPOR INTRUSION MITIGATION QUICK GUIDE FOR EXISTING BUILDINGS

Step 1: Consider Temporary Measures

It may be appropriate to implement temporary measures before engineered controls are constructed and operated,
as warranted and feasible. The owner/tenant can, for example, increase building ventilation, seal cracks and other
entryways for soil gas in the floor or foundation, or conduct indoor air treatment (refer to Section 8.2.1).

Step 2: Select a Building Mitigation System (EPA 2013b)

The selection of a vapor intrusion mitigation system primarily depends on building characteristics and contaminant
concentrations. In the majority of cases, the most efficient, reliable, and cost-effective vapor intrusion mitigation
technique selected will be (or include) a type of active depressurization technology (ADT). In some cases, however,
other approaches can or should be considered.

The initial step in selecting the appropriate vapor intrusion mitigation technology is to conduct a visual inspection of
an existing building. Factors that may prompt consideration of vapor intrusion mitigation approaches other than ADT
include: a tight basement, a tight or inaccessible crawl space, and a well-drained, gravelly native soil.

If there are no factors that would rule out an ADT technology, appropriate systems that can be considered include;

* Sub-slab depressurization (SSD) systems, particularly in houses having slabs (basements and slabs on grade)
where drain tiles are not present.

+ Drain-tile depressurization (sump/DTD or remote discharge/DTD) when drain tiles are present.
*+ Sub-membrane depressurization (SMD) in buildings with a crawl space foundation or a basement with a dirt floor,

+ Block-wall depressurization (BWD), usually used only as a supplement to SSD, DTD, or SMD to better mitigate
vapors found to be migrating through the wall.

Step 3: Design Building Mitigation System (EPA 2013b)

A visual inspection will provide, in most cases, the information needed for effective design of an ADT system. In some
cases, however, additional pre-mitigation diagnostic testing will be needed to facilitate design of an effective ADT
system. The detailed design of the selected vapor intrusion mitigation technology generally should consider
information about the number and location of suction points, location and size of piping, suction fan, piping network
and exhaust system, and sealing options to be used in conjunction with the ADT technology.

Step 4: Install Building Mitigation System (EPA 2013b)

EPA recommends that the vapor intrusion mitigation system be installed in accordance with manufacturer’s design
specifications and local permit requirements and regulations.

Step 5: Confirm the Installed System is Operating Properly (EPA 2013b)

EPA recommends a visual inspection of the installed system as a routine quality assurance step to confirm that all
construction details have been completed. Post-construction diagnostic tests are recommended, even when the ADT
system appears (visually) to be operating appropriately. Where a vapor intrusion mitigation system is not performing
adequately, post-construction diagnostic tests can be helpful in trouble-shooting.

Step 6: Ensure Proper Operation and Maintenance of Vapor Intrusion Mitigation Systemn (refer to Sections 8.3
and 8.4)

EPA recommends proper system maintenance and periodic inspections to ensure the system is operating as
designed and is effective at reducing indoor air concentrations to (or below) target levels. EPA site managers should
provide the owner/tenant with information to help ensure proper operation and maintenance of the system.

EPA recommends that periodic inspections include periodic measurements to confirm that the building mitigation
system is continuing to perform adequately.
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8.2.3  Approaches and Considerations for New Buildings

The ADT systems described above are generally applicable to new buildings. However, a wider
array of approaches and technical options is typically available to mitigate or avoid vapor
intrusion for new buildings, compared to existing buildings. These options potentially include
choice of building location and opportunities to modify the building design and construction,
which are not available for existing buildings. For example:

* At some sites, contaminated areas most likely to produce unacceptable vapor intruision
exposures can be avoided and designated for another purpose, such as recreational
space or undeveloped landscape.

= Mitigation needs can also be considered in the selection of heating and cooling systems,
which are normally selected based only on economics, aesthetics, preference, and
custom. A system design that avoids creating under-pressurization inside the structure
and maintains over-pressurization inside the structure may be effective in mitigating
vapor intrusion.

» Passive barriers, such as a low-permeability membrane, can be more readily installed
between the soil and the building during new building construction. Passive barriers are
intended to reduce vapor intrusion by limiting entry routes. Passive barriers as stand-
alone technologies may not adequately reduce vapor intrusion owing to difficulties in
their installation and the potential for perforations of the barrier during or after
installation. They are commonly combined with ADT systems or with sub-membrane
ventilation systems to help improve their efficiency.

* Venting layers can be more readily installed between the soil and the building during
new building construction.®®

» Sometimes, new buildings can be designed to include a highly ventilated, low-occupancy
area at ground level, such as an open parking garage.

Steps 2-6 of the Vapor Intrusion Mitigation Quick Guide provided in Table 8-1 are also pertinent
to newly constructed buildings. EPA guidance for selecting, designing, and installing vapor
intrusion mitigation systems for new buildings can be found in several publications (EPA 2008c,
2013b). The U.S. Navy issued a concise fact sheet that also contains useful technical -
information (DoN 2011c¢).

8 Sub-slab ventilation systems typically consist of. a venting layer (e.g., filled with porous media such as sand or pea
gravel; or suitably fabricated with continuous voids) below a floor slab to allow soil gas to move laterally to a collection
piping system for discharge to the atmosphere; and a sub-slab liner that is installed on top of the venting layer to
reduce entry points for vapor intrusion. Sub-slab ventilation systems function by drawing outside air into the sub-slab
area, which dilutes and reduces concentrations of vapor-forming chemicals and providing a pathway to allow soil gas
to migrate outside the building footprint rather than into a building.
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8.2.4 Owner/Occupant Preferences and Building Access

Building owners and occupants can initially be notified in various ways that their home or
building has been selected for a building mitigation system. Section 10.5 provides guidance
regarding such notifications and other messages pertaining to building mitigation.

Whereas EPA managers and mitigation system designers may be primarily concerned with the
performance, cost-effectiveness, and reliability of any mitigation system, the building owners
and occupants may have additional perspectives and opinions that warrant consideration during
technology selection, design, construction, and operation. For example, owners and tenants will
often have strong opinions about where fans and piping are located, what level of fan noise is
acceptable, and what quality of construction craftsmanship is satisfactory. When there are
multiple mitigation options (for example, at a large commercial building), these options should
be presented fairly to the building owner and occupants, explaining the advantages and
disadvantages associated with each and describing the rationale for the preferred alternative.

In some cases, obtaining and scheduling access to a building can be difficult, whether the
structure is a commercial or institutional building or a private residence. Commercial building
tenants may not want construction activities disrupting business operations. Some homeowners
may resist granting access to their home. Other homeowners may prefer to schedule tests
before or after their work-day. To address these practical and logistical concerns, EPA
recommends that an access agreement(s) be executed between the property owner, any
tenants, and the mitigating entity to ensure appropriate access as needed to operate, maintain,
and monitor the engineering exposure controls in each applicable building.

8.3  Operation and Maintenance of Vapor Intrusion Mitigation Systems

For purposes of this guidance, operation and maintenance (O&M) is used generically to refer to
periodic inspections, component maintenance or replacements, repairs, and related activities
that are generally necessary to ensure continued operation and effectiveness of engineered
exposure controls to mitigate vapor intrusion. EPA generally recommends that such O&M
activities be conducted routinely. The nature and frequency of O&M activities should consider
manufacturer’'s recommendations and site-specific factors. Additional information about
ensuring continued effectiveness of systems is available in EPA (2009b).

Design specifications for vapor migration systems may include (1) a maintenance frequency that
varies over the operating period of the mitigation system and/or (2) a provision to evaluate and
modify the frequency based on data or information obtained during monitoring and
maintenance. For example, it may be acceptable to reduce inspection or maintenance
frequency once efficient system operation has been demonstrated for at least an initial year,
with triggers for additional, unscheduled inspections following alarms (from warning devices)
and floods, earthquakes, and building modifications, as needed.

Typical O&M activities for either passive or active systems may include, but are not limited to:

* Routine inspection of all visible components of the vapor intrusion mitigation system,
including fans, piping, seals, membranes and collection points, to ensure there are no
signs of degradation or blockage. EPA recommends that the as-built drawing for the
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vapor intrusion mitigation system be examined to verify the system configuration has not
been modified.

» Acrawl space SMD membrane may require repair or replacement if its integrity is
compromised. Visual inspection of the building to evaluate whether any significant
changes were made (such as remodeled basement, new furnace) that would affect the
design of the vapor intrusion mitigation system or the general environment in which it is
operated.

* Visual inspection of the area of concern (including basement floor and wall seals,
sumps, floor drains and utility penetrations) to ensure there are no significant changes in
conditions that would require modification of the system design.

* Routine monitoring of vent risers for flow rates and pressures generated by the fan to
confirm the system is working and moisture is draining correctly.

* Routine maintenance, calibration and testing of functioning components of the venting
system in accordance with the manufacturers’ specifications.

o Pressure readings for both active and passive depressurization systems as well
as positive pressurization systems (e.g., periodic verification of measurable
pressure differentials across the slab).

o Confirmation that the extraction fan is operating.

o SSD system fans generally do not require routine maintenance; however, fans
should be replaced as necessary throughout the operating life of the system
(generally every 4 to 10 years).

* Inspection of external electrical components to determine excessive noise, vibration,
moisture, or corrosion and that the fan cut-off switch is operable.

o Inspection of the fan(s) is important throughout the operating period but may be
particularly important near the end of its expected lifespan. Noisy fans typically
indicate problems with ball bearings and should be replaced.

o Confirmation of adequate operation of the warning device or indicator.

» Confirmation that building owner/occupants are knowledgeable about how to maintain
system operation. Confirmation that a copy of the O&M manual is present in the building
and has been updated as necessary.

In addition to the physical inspection of the system and its operation, EPA also recommends
that the site team determine if there has been any change in ownership/tenant. If a change has
occurred, the site manager should work with the new owner/tenant to ensure continued integrity
of the vapor intrusion mitigation system.
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8.4  Monitoring of Vapor Intrusion Mitigation Systems

EPA recommends that any long-term monitoring program consider the degree of risk or hazard
being mitigated, the building use, and the technology used to mitigate vapor intrusion. For
example, an older building with highly volatile contaminants at high concentrations may need a
higher level of monitoring than a new building with lower concentrations of less volatile
contaminants. In addition, passive systems are generally less predictable and less efficient at
preventing vapor intrusion than active systems and therefore typically require more monitoring.
Examples of various monitoring scenarios are provided in Table 4 of CalEPA (2011), Table 6-2
of NJDEP (2012), and Table 3-1 of MADEP (2011).Un-mitigated buildings adjacent to properties
with mitigation systems may also warrant periodic review or monitoring to verify that vapor
intrusion is not occurring or resulting in indoor air concentrations exceeding action levels. The
frequency of monitoring depends on the location of the building within the zone of contamination
and its potential to be impacted. This monitoring may consist of indoor air sampling, sub-slab
vapor sampling, or soil gas monitoring. Ensuring protectiveness through long-term monitoring
activities may be conducted by the owner of the building, the PRP, or the regulatory authority,
depending on who has the responsibility to conduct such monitoring. Additional information
about ensuring continued effectiveness is available in the Operational and Functional
Determination and the Transfer of Fund-lead Vapor Intrusion Mitigation Systems fo the State
(EPA 2009b).

Pressure Measurements

Sub-slab probes can also be used to monitor differential pressures for a direct indication of the
performance of ADT systems. While the pressure differential between the indoor and ambient
air at ground level may serve as an acceptable surrogate, it is the pressure differential across
the slab that prevents soil gas entry. For basements, the walls that are underground become
part of the critical building envelope that must prevent soil gas entry. For subsurface
depressurization systems, EPA recommends that the pressure gauge be monitored quarterly to
verify the system is operating efficiently. A reduced monitoring frequency may be appropriate
after one year of successful operation of the remedial system.

Leaks within the building or mitigation system can affect the pressure measurements. Tracers
can be used either for leak detection through barriers, building materials or system components
“(piping, for example) or to measure the air exchange rate in the building, as discussed
previously. Smoke testing is a qualitative form of tracer testing used to detect leaks (e.g., at
seams and seals of membranes in SMD systems or at potential leakage points through floors
above sealed crawl space systems or preferential vapor migration pathways), or to test airflow
patterns. A limitation of smoke testing in existing structures is that non-noxious smokes are
expensive, and cheaper high-volume smoke sources can leave undesirable residues. The
efficacy of smoke testing in some applications has been questioned on the grounds that many
leaks are too small for visual detection using this method (Maupins and Hitchins 1998, Rydock
2001), and that leaks large enough to detect using smoke could be detected other ways. More
quantitative methods have been recommended, such as tracer testing with instrumentation for
quantitative results.
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Air Sampling

Once an adequate demonstration of vapor intrusion mitigation system effectiveness has been
made, indoor air quality should generally be acceptable as long as an adequate pressure
differential is maintained. EPA recommends that indoor air samples be collected at least once a
year to confirm that thevapor intrusion mitigation system is continuing to perform adequately,
unless site conditions warrant a different monitoring schedule based on system performance or
building modification. At some sites, it may be more appropriate to conduct indoor air sampling
at a subset of the buildings (e.g., 10 percent), while conducting pressure measurements at all of
the buildings. More frequent and systematic monitoring programs are advisable for larger and
more complex buildings, such as schools.

Weather-Related Considerations

Weather conditions, such as temperature and precipitation, can affect the performance of a
vapor intrusion mitigation system and thus, EPA recommends that this be noted during
monitoring activities. For example, cold temperatures may increase the depressurization
created by the thermal stack effect and thus increase the driving force for soil gas entry,
depending upon the height of the house and the temperature difference between indoors and
outdoors. As a result, the ADT system may need to overcome more building depressurization
than originally considered when designed. Precipitation may also increase moisture in the fill
under the slab, which may affect the performance of the system.

Alarms

Alarms generally are used as part of a long-term monitoring plan to ensure that vapor intrusion
mitigation systems are functioning properly. According to ASTM (2003), “All active radon
mitigation systems shall include a mechanism to monitor system performance (air flow or
pressure) and provide a visual or audible indication of system degradation and failure.” This
advice should be equally applicable to vapor intrusion mitigation systems for other
contaminants. ASTM goes on to say, “The mechanism shall be simple to read or interpret and
be located where it is easily seen or heard. The monitoring device shall<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>