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1 Introduction

Vapor intrusion is the migration of volatile chemicals from the subsurface into the indoor air
of buildings located above the contamination. This handbook was developed by the Tri-Services
Environmental Risk Assessment Working Group (TSERAWG) to serve as a resource for
remedial project managers (RPMs) that may need to investigate the vapor intrusion pathway at
Department of Defense (DoD) sites. The Tri-Services of the DoD includes the Departments of
the Air Force, Army, and Navy, with the Department of the Navy (DON) including both the
Navy and the Marine Corps. This handbook was developed to support RPMs working on both
active and closed Air Force, Army, Navy, and Marine Corps bases, as well as Formerly Used
Defense Sites (FUDS). The handbook is intended to provide a general framework for
conducting vapor intrusion investigations under the Defense Environmental Restoration Program
(DERP). Both residential and occupational exposure scenarios are discussed since both groups
can be affected by vapor intrusion.

Vapor intrusion should be evaluated as a potential human exposure pathway when volatile
chemicals are present in soil, soil gas, or groundwater that underlies existing structures or has the
potential to underlie future buildings. Due to their physical properties, volatile chemicals can
migrate through unsaturated soil and into the indoor air of buildings located near zones of
subsurface contamination. The United States Environmental Protection Agency (EPA) defines a
chemical as volatile if its Henry’s Law constant is 1 x 10™ atm-m’/mol or greater (2002). Volatile
organic compounds (VOCs)—including such common chemicals as petroleum hydrocarbons
(e.g., benzene) and chlorinated solvents (e.g., trichloroethylene [TCE])—are the class of
chemicals of greatest interest for this pathway. Other chemicals of potential interest include
mercury (the only volatile metal), various semi-volatile organic compounds (SVOCs), (e.g.,
polycyclic aromatic hydrocarbons [PAHs]), and certain pesticides. The EPA (2002) has
identified more than 100 chemicals that have sufficient volatility and toxicity to pose a theoretical
vapor intrusion hazard (included in this document as Appendix A). Therefore, if it is known or
reasonably anticipated that these chemicals may have been used or released at a site by a DoD
entity, they should be included in the vapor intrusion investigation.

DoD organizations should evaluate the potential for vapor intrusion into overlying or nearby
existing structures during site investigation activities conducted under the DERP. If a site-
specific vapor intrusion risk assessment indicates the presence of unacceptable risks, DoD will
conduct appropriate response actions to mitigate these risks. All reasonable remedial alternatives
will be considered when selecting response actions, including use of ventilation systems or other
mitigation measures. The potential for vapor intrusion in future structures should be addressed in
the design phase and any necessary and appropriate measures included in the construction costs.
Additionally, appropriate notice of the potential vapor intrusion risks should be provided to non-
DoD site owners.

1.1 Current Approaches to Assessing Vapor Intrusion

Twenty years ago, vapor intrusion of subsurface VOC contamination to indoor air was not
well understood, and this exposure pathway was rarely evaluated as part of a human health risk
assessment at remediation sites. To address this oversight, the EPA Office of Solid Waste and



Emergency Response (OSWER) released the Draft Guidance for Evaluating the Vapor Intrusion
to Indoor Air Pathway from Groundwater and Soils in November 2002. This handbook has been
developed with consideration of the EPA’s draft guidance and several recently published and
relevant vapor intrusion documents, including the following:

e Guide for the Assessment of the Vapor Intrusion Pathway. U.S. Air Force, Air Force Institute
for Operational Health. February 2006.

e Draft Navy Guidance for Evaluating the Vapor Intrusion Pathway. Navy Facilities
Engineering Command. 15 November 2007.

e Draft Navy Vapor Intrusion Policy. Revised Final. 29 January 2008.

e Interim Vapor Intrusion Policy for Environmental Response Actions, Department of the Army,
Office of the Assistant Secretary (Installations and Environment). 6 November 2006.

e Vapor Intrusion Pathway: A Practical Guide. Interstate Technology and Regulatory Council
(ITRC). January 2007a.

Collectively, these documents represent some of the most up-to-date information available on
how to evaluate and (if appropriate) mitigate to interrupt the vapor intrusion pathway. They also
provide guidance on how to assess the human health risks associated with the vapor intrusion
pathway and incorporate this information into the baseline human health risk assessment used to
determine if site remediation is warranted to address chemicals of concern (COCs).

The overall approach used to assess the potential risks posed by the vapor intrusion pathway
and possible mitigation and remediation options is summarized below.

o Evaluate whether exposure to the vapors poses an acute risk to building occupants: This
can include both acute health risks and the risk of explosion. If acute risks are identified due
to vapor intrusion, it may be necessary to evacuate the property until the risks are mitigated.
If there are no acute risks, a screening level vapor intrusion evaluation may be conducted.

e Conduct a screening level assessment of site contaminants: This evaluation typically
involves comparing site soil gas or groundwater data with conservative risk-based screening
values. If site concentrations are below the screening levels, it is concluded that the site does
not pose a vapor intrusion risk. If exceedances are observed, it may be advisable to re-
evaluate the data in a vapor intrusion model using site-specific parameters. In some cases,
these site-specific modeling results may be sufficient to determine that the site does not pose
a vapor intrusion risk; in other cases, the modeling results can become one of the multiple
lines of evidence used to evaluate whether there is a significant vapor intrusion risk.

e Conduct a site-specific vapor intrusion pathway evaluation: This is usually a more data
intensive effort and may include collecting near-slab soil gas, sub-slab soil gas, and/or indoor
air samples. Multiple lines of evidence may be used to evaluate the magnitude and extent of
vapor intrusion. Depending on the results of the investigation and a human health risk
assessment, it may be determined that either no further action is necessary or that mitigation
or remediation may be warranted.

e Evaluate mitigation/remediation options, if necessary: Mitigation involves using
techniques that prevent (or minimize) subsurface vapors from migrating into buildings
present above the contamination. Common mitigation measures include installation of sub-
slab depressurization or pressurization devices, sealing all cracks, sumps and preferential
pathways, and installation of vapor-proof membranes. On active bases, land use (or building
use) controls may also be an option to control exposure. Remediation is the treatment and
removal of chemicals from contaminated subsurface media, such as soil and groundwater.



Common remediation options include soil removal, soil gas extraction, and groundwater
treatment. Mitigation and remediation may be performed concurrently or individually,
depending on site needs.

As awareness and concern over the vapor intrusion pathway has increased, so has the
regulatory focus. Many states have developed, or are in the process of developing, their own
vapor intrusion guidance. Increasingly, reliance on a single approach or dataset is not considered
adequate to support site decision making. The current “state of the science” approach is to collect
and evaluate multiple lines of evidence to support decision making regarding the vapor intrusion
pathway. These lines of evidence can include such endpoints as those listed below:

e Soil gas data

e Near-slab soil gas data

¢ Groundwater data

e Background data (from indoor and outdoor samples)

¢ Building construction and current conditions

e Sub-slab soil gas (or crawl space) data

e Indoor air data

e Outdoor air samples collected concurrently with indoor air samples
e Comparison of constituent ratios of chemicals in soil gas and indoor air
e Impact of site geology

e Results of fate and transport modeling

e Results of the risk assessment

e Site or building ownership and control

e Other site-specific or supplemental data.

It is unlikely that all of these lines of evidence will need to be evaluated in order to
investigate the vapor intrusion pathway. More often than not, the lines of evidence considered
will include existing information along with datasets that local stakeholders agree upon in
advance. In general, the closer to the receptor the data is collected, the more relevant to human
health risk it is considered to be. Following this logic, indoor air data would be considered more
relevant for a risk assessment than a modeled concentration from groundwater or soil gas.

The findings from some lines of evidence may conflict with others (e.g., indoor air
concentrations may be acceptable but sub-slab samples exceed screening criteria), and this
should be anticipated in the project planning process.

Vapor Intrusion Considerations for DoD Facilities

For the most part, federal and state vapor intrusion guidance has been developed to evaluate
exposures in a civilian residential setting. This has allowed for the development of a fairly
standardized set of exposure assumptions that are widely recognized and used. However, DoD
has a number of exposure settings that differ from standard default exposures, including the
following:

e Residential exposures both on-base and off-base: Some contaminated sources (e.g.,
groundwater plumes) may extend both on-base and off-base. While the DoD can control land
use and exposures on-base, their ability to control off-base exposure is generally more limited.
Additionally, residential receptors on DoD sites are typically enlisted individuals and their
families. Due to duty rotations, these DoD residents typically live at any one particular site for



less time than the civilian population. Exposure factors should be specific to the installation
rather than generic default values.

e Occupational exposure settings: DoD facilities may have industrial and commercial
buildings located over subsurface volatile contamination. Military workplace exposure
scenarios and standards should be considered when evaluating the vapor intrusion pathway.
Different criteria may affect workers who knowingly work with volatile chemicals and
workers whose jobs do not involve contact with volatile chemicals.

e Vapor intrusion concerns on undeveloped property: Subsurface contamination from DoD
facilities may be present on undeveloped property both on-base and off-base. For off-base
properties, vapor intrusion concerns may warrant design and construction considerations for
future development at the site. In many cases, the public has expressed concern regarding
possible vapor intrusion risks with the off-base contamination and site development.

e Property transferred to other entities: DoD and its associated service branches routinely
transfer property to other federal and non-federal entities. Use and development of these sites
may be affected by vapor intrusion.

Vapor intrusion concerns have been investigated at active bases and former bases where
buildings (both on- and off-base) are present over subsurface contamination. In addition,
evaluation of this pathway is often used as a screening tool to evaluate the potential risks that
could arise if buildings were to be constructed over areas of subsurface contamination.

1.2 Objectives of the Tri-Services Handbook

This Tri-Services handbook discusses various technical approaches associated with evaluating
the vapor intrusion pathway and provides perspective for RPMs (and associated consultants)
regarding the development and interpretation of vapor intrusion investigations. By considering
project needs and the pros and cons of the various approaches, the RPM can make a more informed
and cost-effective determination of the best way to evaluate vapor intrusion at their site. This
handbook was developed to be relevant for Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and Resource Conservation and Recovery Act
(RCRA) sites.

The EPA has begun to address vapor intrusion concerns on some of their Superfund sites and
has initiated development of guidance that has not been finalized. The EPA’s draft vapor
intrusion guidance uses a three-tiered approach to provide a method to assess human health risks
related to the vapor intrusion pathway (EPA, 2002). This tiered approach, described in detail in
Appendix B, moves from a generic screening level approach (Tier 1) to a conservative fate and
transport model (Tier 2) and finally to a site-specific approach (Tier 3). This tiered approach
allows sites with minimal risk potential to be screened out (eliminated from further evaluation
due to low risk potential from this pathway) without expending significant time and effort.

Not all state health agencies follow EPA’s draft three-tiered modeling-based guidance. For
example, some states recommend conducting indoor air sampling if volatile chemicals are
present in the subsurface at levels exceeding threshold concentrations, with no contaminant
transport modeling required. Other states have guidance which suggest indoor air sampling in
lieu of subsurface investigations (e.g., soil gas sampling) and contaminant transport modeling.
Readers of this handbook will need to coordinate with their regulators and identify the technical
approach that is most appropriate for their site.



1.3 Organization of the Handbook

This handbook is organized into nine sections. Following this introduction, Section 2
discusses the screening level assessment of the vapor intrusion pathway. Section 3 discusses the
steps necessary to conduct a site-specific vapor intrusion study. Section 4 addresses health risk
assessment issues at vapor intrusion sites. Risk management and mitigation approaches are
discussed in Section 5, and risk communication is addressed in Section 6. Section 7 presents the
summary and recommendations, and Section 8 identifies additional technical resources. A
bibliography containing cited references and other sources of information follows Section 8.

Appendix A replicates a table from EPA’s 2002 draft guidance of chemicals of potential
vapor intrusion concern that may be found at hazardous waste sites. Appendix B presents a
summary of EPA’s tiered vapor intrusion assessment approach from their 2002 draft document.
Appendix C presents a list of state regulations, guidance, and other publications on vapor
intrusion. Appendix D summarizes sampling and analytical methods available for evaluating the
vapor intrusion pathway. Appendix E contains EPA’s “Occupied Dwelling Questionnaire,”
which can be used as an indoor air assessment survey (EPA, 2002). Appendix F describes
possible sampling and analysis costs associated with a vapor intrusion assessment. Appendix G
discusses how to assess and control background chemicals at vapor intrusion site, while
Appendix H describes how to evaluate the building envelope in vapor intrusion investigations.
Finally, Appendix I describes a number of air-flow modification mitigation measures for vapor
intrusion projects that can be implemented at buildings with high levels of risk.



2 Screening Level Assessment of the VVapor Intrusion
Pathway

The objective of a screening level assessment is to get an initial understanding of the level of
possible risk posed by vapor intrusion in an efficient and cost-effective manner. Once the
screening level assessment has been done, the RPM can decide whether to conduct a more site-
specific evaluation, to mitigate or remediate, or whether no further action is needed. The
screening level assessment is often done in a tiered approach, as defined in EPA’s 2002 draft
guidance and summarized in Appendix B.

The first step in any vapor intrusion assessment is to confirm that chemicals of sufficient
volatility and toxicity are present in the subsurface. Appendix A contains a list of chemicals that
EPA (2002) has identified as having sufficient volatility and toxicity to be included in a vapor
intrusion assessment. Very few of these chemicals will be present at most sites, and the selection
of chemicals for sampling should be based primarily on site history. Another important
preliminary step is identifying the regulatory program governing the site and ensuring that all
stakeholders can agree upon the screening approach to be used and the decisions which can be
made based on the screening data. Appendix C presents a listing of state regulations and
guidance documents related to vapor intrusion.

This section summarizes techniques for evaluating acute vapor risks and conducting an initial
screening evaluation at vapor intrusion sites. Figure 2-1 provides a visual example of possible
approaches that can be used in the screening level assessment of a vapor intrusion site.

2.1 Acute Exposures

At sites where buildings are present above contaminated soil or groundwater, the first step is
to determine if you have—or may have—an acute and potentially dangerous vapor intrusion
problem in your building. Several indicators that this pathway may be complete are listed below:

o Elevated levels of chemicals in soil, soil gas, and groundwater that have sufficient volatility
and toxicity to pose a potential vapor intrusion risk

e Noticeable odors, particularly in the basement, that could indicate a vapor intrusion problem

e Elevated soil gas measurements, particularly in the space just below the slab

e A wet basement or signs of water seeping into the basement in an area with groundwater
contamination

¢ Indoor air data that may indicate the presence of chemicals that cannot be accounted for by
household materials and activities.

None of these factors by themselves provides conclusive evidence that vapor intrusion is
occurring or that acute risks are present. However, if one or more of these indicators are present,
there is a possibility that vapor intrusion is occurring and the potential for acute risks should be
further evaluated. Portable screening devices such as a photoionization detector (PID) or a flame
ionization detector (FID) may be useful to determine whether volatile gases are present at
concentrations that may pose an acute threat to life and health. If high levels of volatile gases are
detected, it is recommended that the area be evacuated and trained professionals (e.g., the fire
department) be contacted to determine how best to address the problem and when occupants can
safely reenter the building.



Figure 2-1: Example of a Screening Level Evaluation at a Vapor Intrusion Site
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2.2 Initial Steps of the Screening Assessment

At the early stage of a vapor intrusion assessment, it should be confirmed that chemicals with
sufficient volatility and toxicity have been detected at or near the site and that acute risks to local
building occupants have been evaluated. The EPA and most states recommend using two criteria
to evaluate whether to include a chemical in a vapor intrusion study—volatility and toxicity. The
EPA has identified more than 100 chemicals that meet this definition of volatility, including
common VOCs such as benzene and TCE, but also pesticides (such as chlordane and
dichlorodiphenylethylene [DDE]) and several PAHs. The EPA has also identified a group of
chemicals whose vapor concentration of the pure component poses an incremental cancer risk
greater than 1 in a million (i.e., IE-06 or 1x10°) or a non-cancer hazard index greater than 1; this
list includes over 100 chemicals. Those chemicals that have both sufficient volatility and
toxicity—and are known or reasonably suspected to be present—should be included in a vapor
intrusion investigation. Table 1 of EPA’s 2002 draft vapor intrusion guidance, which lists the
chemicals that EPA has determined meet these criteria, is included in this handbook as Appendix
A. It is also important to confirm whether the detected chemicals are associated with DoD
operations and are not due to the activities of other entities that may have used the site. The DoD
is not required to evaluate or remediate chemical releases which they are not responsible for.

The EPA’s list provides a reasonable starting point for a vapor intrusion study. However, at
most sites, there will only be a few chemicals that will be of interest. If any of the chemicals
listed in Appendix A are detected within approximately 100 feet—horizontally or vertically—of
an existing building, EPA recommends that a vapor intrusion study be conducted. Not all state
health agencies agree that 100 feet is sufficient to prevent vapor migration and intrusion, so it is
important to check with the local regulatory agency. Additionally, if preferential pathways exist
in the subsurface that could facilitate the migration of chemicals towards a building, then the
guideline of 100 feet may not be appropriate. Some states focus on a limited number of
chemicals, with the emphasis directed towards the most volatile. For example, Minnesota
(MPCA, 2005) includes 57 chemicals on their list of target chemicals for vapor intrusion, while
Colorado (CDPHE, 2004) includes 22 chemicals on their list. These lists may be expanded or
reduced based on site-specific conditions and depending on the chemicals found and their
locations and concentrations.

2.3 Conceptual Site Model

An important step in assessing the vapor intrusion pathway is to develop an understanding of
the site setting, the fate and transport properties of the contaminants, and the ways by which
people could be exposed to site-related chemicals through the development of a conceptual site
model (CSM). This CSM is typically represented by a diagram which provides a visual portrayal
of site conditions and illustrates the contaminant sources, the movement of these contaminants in
the environment, and potential receptors and exposure pathways. The CSM links the source(s) of
contamination, such as a leaking tank, with potential environmental transport pathways that may
ultimately lead to exposure of a receptor. This information is useful for identifying which
exposure pathways are complete, potentially complete, or incomplete, thus allowing the risk
assessor or RPM to focus the investigation appropriately. The CSM can be as comprehensive or
as simple as necessary depending on site-specific conditions and management requirements. As
the understanding of the site conditions evolves, the CSM should be updated so it always reflects
the most current and comprehensive understanding of the site.



Understanding the chemical and physical properties of volatile contaminants is critical to
developing a good CSM for possible vapor intrusion sites. The critical aspect of these
contaminants that makes them a concern in indoor air is their volatility. Depending upon their
toxicity, contaminants with Henry’s Law Constants as low as 10™ atm-m’/mol may pose a risk;
therefore this Henry’s Law Constant is often used as one of the criteria for determining whether a
contaminant is sufficiently volatile to justify a vapor intrusion evaluation.

The vapor intrusion pathway is often only one of multiple exposure pathways at a site, and
the CSM will need to describe these other pathways as well. If there are multiple exposure
pathways for the contaminants, it may be necessary to include the vapor intrusion risk results in
the baseline risk assessment. The CSM should be discussed in the text of the document and
should be supported by data, maps, and other relevant information.

The following factors should be identified in the CSM developed for a screening level vapor
intrusion assessment:

e Source(s) of Contamination: The primary source(s) of contamination may include leaking
tanks (above and below ground), pipelines, floor drains, landfills, fire-training areas, spills,
and discharge areas. Secondary sources may include free phase product in the ground,
contaminated soil, and contaminated groundwater.

e Transport Pathways: Volatile contaminants can be found in various media under
environmental conditions. A single site could contain VOCs in 1) a non-aqueous phase liquid
(NAPL) phase, 2) dissolved in groundwater and pore water, 3) in a vapor phase, or 4) in a
sorbed phase attached to soil particles or organic mater in the soil matrix. The phase and
matrix will influence contaminant transport, with vapor phases being of greatest interest in
vapor intrusion investigations. Vapors can migrate through several transport mechanisms,
including diffusion in the unsaturated zone, diffusion in shallow groundwater, horizontal and
vertical migration via preferential pathways (e.g., utility corridors, pipelines, cracked clay),
and advective/convective transport in the soil. Advective and convective transport is
generally most active beneath or directly adjacent to buildings, where there can be a negative
pressure differential between the building and the surrounding soil that tends to pull soil gas
upwards towards the building (often referred to as building or stack effects). Gravity can
drive NAPL and dissolved phase contaminants downward through preferential pathways in
the vadose zone. Preferential pathways can be even more important for vapor phase
migration; minor pressure differentials are all that is necessary to drive soil gas transport.
However, it is also important to remember that contaminant migration is retarded by sorption
and other processes.

e Receptors and Land Use: The primary receptors of interest would be anyone living or
working in an enclosed space above soil or groundwater that is contaminated by VOCs. This
includes residential settings (e.g., single-family homes, townhouses, and trailers), industrial
and commercial workplaces, office buildings, and educational and recreational settings (e.g.,
schools and gyms). Trailers enclosed at the bottom by a skirt have greater potential for vapor
intrusion than do non-enclosed trailers. Air movement between the ground surface and the
trailer bottom of the non-enclosed trailer would tend to minimize vapor buildup and
associated vapor intrusion. In development of the CSM, receptor and land use factors should
be evaluated and current as to foundation type whether residential structure or trailer since
modern trailers could have cement runners or a foundation. Similarly, the existence of a
basement, underground parking, or other modifications to the foundation should be
considered in the vapor intrusion evaluation.



e Exposure Routes: In general, the only exposure route of interest for vapor intrusion is the
inhalation of vapors migrating from the subsurface into indoor air. Other possible exposure
routes that may be considered during other investigations at the site may include ingestion,
dermal contact, and inhalation of particulate material. At most sites, vapor intrusion will be
one of several possible exposure routes that will need to be evaluated in the risk assessment.

CSMs for vapor intrusion studies often need to consider two distinct exposure situations. At
some sites, buildings are present and there are concerns as to whether vapor intrusion may pose a
risk to current occupants. For this situation, there will be site- and building-specific information
available to support the assessment, including information such as the size and volume of the
building, depth of construction, thickness of floor, air turnover rates, and activities of the
occupants. These factors may require consideration in the vapor intrusion assessment. The second
situation is where contaminant fate and transport models are used to predict whether vapor
intrusion may occur in hypothetical future buildings built on the site. In this case, a hypothetical
building is placed anywhere over the subsurface contamination and modeling is used to estimate
the migration of contaminants into the indoor air of the hypothetical overlying buildings. This
approach allows the risk assessor to evaluate a range of construction factors (such as thickness of
floor and ventilation issues) that may affect building design. These situations should be considered
as part of the development of the CSM and the identification of complete, potentially complete,
and incomplete exposure pathways. A variation on this future exposure situation is when a
building has been designed but not built. Modeling can be used to predict indoor air
concentrations and any necessary or desired mitigation measures incorporated into the building
design.

The ITRC guide (2007a) presents a detailed list of information that should also be considered
when developing the CSM, including the following:
e The location and nature of the source of volatile chemicals in the subsurface

e Chemical properties, including degradation products, solubility, vapor pressure, diffusivity
in air and water, and Henry’s Law constant

e Chemical target concentrations in indoor air and other media, as applicable

e A basic understanding of lithology and stratigraphic features that influence the occurrence and
movement of groundwater, NAPL (if any), and vapors

e Depth to groundwater and groundwater flow directions (including vertical gradients or
recharge that might lead to a clean groundwater lens at the water table)

e General nature and extent of volatile chemicals in groundwater and/or soil gas
e Locations and depths of major underground utilities (particularly storm sewers)

e Potential background sources of volatile chemicals and typical indoor/ambient air
concentration ranges

e Locations, ownership, and general use of buildings within the area potentially impacted

2.4 Assess Quality of Existing Data

Another important consideration to evaluate early on is whether there is sufficient data of
adequate quality to support a vapor intrusion assessment. Data quality factors to consider include
media sampled, proximity of samples to buildings of concern, and the quality of the data
(especially reporting limits). Since many bases have done environmental investigations for a
number of years, a large amount of data may be available. Most commonly, these data would
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have been collected during a preliminary assessment/site inspection (PA/SI), a remedial
investigation (RI), or various monitoring activities. These data will often be limited to soil and
groundwater sample results; when used alone, the data may not be adequate to address vapor
intrusion concerns. Given that vapor intrusion historically was not a primary pathway of interest,
many older sites may not have sufficient data to evaluate this pathway. Additional data (such as
soil gas) may be required to define the site in its current conditions. It should be noted that using
soil concentration data alone to evaluate the vapor intrusion pathway is generally not
recommended, and most agencies will not allow using only soil data for this purpose. Older soil
data can be particularly unreliable because prior to the use of EPA’s Sampling Method 5035
(Encore Sampling), loss of volatile contaminants during soil sampling was a common problem.

The existing data should be compiled and reviewed by a risk assessor before any additional
data is collected. Older data may be of limited usefulness and may not accurately represent the
current nature and extent of contamination. Some questions should be considered when
reviewing historical data:

e How old are the data? Are they likely to reflect current conditions or are the contaminant
concentrations likely to have changed significantly due to natural attenuation processes?

e How were the samples collected? Are the collection methods considered reliable by today’s
standards?

e Were analyses conducted for all known or suspected chemicals?

e  Were analyses conducted for degradation products?

e  Were the reporting limits sufficiently low for comparison with vapor intrusion screening
criteria?

e Has the contamination migrated beyond the original study boundaries?

e Has the land use changed or have additional buildings been constructed on the site?

The EPA has developed guidance for evaluating data usability in risk assessment (Guidance
for Data Usability in Risk Assessment, EPA, Part A, 1992). This guidance is specifically
designed to provide a clear and consistent process for determining whether data meets the
requirements and intended use of the risk assessment. As such, it is a good tool for evaluating the
quality and usefulness of historical data collected at a site. It describes what factors to consider
when reviewing data and identifies minimally acceptable performance objectives for a dataset.
The basic data quality factors that may affect the risk assessment include data sources, reporting
limits, use of qualified data, and consistency in data collection. A review of the EPA’s data
usability guidance can help determine whether available data is of sufficient quality to meet the
requirements of a vapor intrusion project.

The DoD also has guidance on how to assess and evaluate data quality. It is recommended
that the DoD Quality Systems Manual for Environmental Laboratories (2006) and the Uniform
Federal Policy for Quality Assurance Project Plans (2005) be reviewed when considering data
quality issues.

2.4.1 Data Quality Objectives for Collection of Additional Data

Prior to collecting any additional data that may be needed, site-specific data quality
objectives (DQOs) should be developed. DQOs are quantitative and qualitative statements that
describe what data are needed to support decision making (EPA, 2000a, 2006). DQOs are a set
of site-specific statements that describe, in detail, exactly how the data will be used and what
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decisions need to be made using the data. The DQO process is a planning tool that is designed to
prevent collection and use of data that do not contribute to decision-making and to ensure that a
sufficient quantity and quality of data are acquired so that informed decisions can be made.
DQOs are typically developed collectively by the stakeholders associated with the project, which
may include DoD, EPA, state health departments, local homeowners, and other potentially
affected groups.

The EPA has developed a seven-step process for developing DQOs, which are listed below
along with a brief example:

1. State the problem (e.g., groundwater contaminated with volatile chemicals may pose a risk via the
vapor intrusion pathway)

2. Identify the decision to be made (e.g., do soil gas measurements suggest there will be a vapor
intrusion risk at locations where future buildings may be constructed?)

3. Identify the inputs to the decision (e.g., soil gas sampling data, site geology, screening criteria)
Define the study boundaries (e.g., all locations above groundwater plume)

Develop decision rules (e.g., whether a single detection above risk-based criteria is sufficient to
trigger action or whether a more representative concentration [such as the 95% upper confidence
limit (95%UCL)] should be used for this comparison)

6. Specify the acceptable limits on decision error (e.g., identify size of hot spot area that can be
missed during sampling without compromising overall results)

7. Optimize the sampling design (e.g., determine if proposed sampling will adequately characterize
the site, revise accordingly if necessary).

All vapor intrusion data collection projects should have site-specific DQOs to help define
what data will be collected and how they will be used. Examples of issues that need to be
considered when developing DQOs include the types of decisions to be made, the type and
number of samples needed to support these decisions, and the necessary reporting limits
(analytical sensitivity). Identifying these objectives prior to sampling will facilitate decision
making after the data are collected. Additional details on the development of DQOs can be found
in EPA’s DQO guidance documents (EPA, 1994, 2000a, 2006). The U.S Army Corps of
Engineers also has guidance for the development of DQOs (Engineer Manual 200-1-2, Technical
Project Planning).

2.5 Generic Data Screening for Vapor Intrusion

There are two basic approaches to evaluating whether vapor intrusion may be occurring at a
site or building. These approaches, while distinctly different, are complementary and can be used
in conjunction with each other. The first approach uses a contaminant fate and transport model to
estimate the indoor air concentration of chemicals of interest, while the second approach relies on
direct measurement of chemicals present in indoor air. The EPA and many state health agencies
start with an assessment of the contaminant transport model and, if potential risks are high enough,
may progress to collection of indoor air samples. The resulting measured or modeled
concentration of chemicals is then “screened” by comparing them with generic risk-based
concentrations.

Once the data has been determined to be of sufficient quality and quantity and a preliminary
CSM has been prepared, the site can undergo a generic screening evaluation. Screening is often
done on a building-by-building basis, so that decisions can be made for each building of interest at a
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site. The generic screening step typically compares site data (most commonly soil gas or
groundwater data) with conservative health-protective screening concentrations. These generic
screening levels are deliberately conservative to allow for relatively quick and efficient initial site
decision making. For example, generic screening levels may not take into consideration such site-
specific parameters as soil type, building construction, or land use patterns at the site. Typically, the
maximum concentration of a chemical detected in soil gas or groundwater is used as the value
representative of the site for screening purposes. The EPA presented generic screening levels for
chemicals in soil gas, groundwater, and indoor air in their 2002 draft guidance. A number of states
have developed (or are in the process of developing) generic screening levels for different media.
The appropriate regulatory agency should be consulted to identify the appropriate screening level
for the site in question.

The primary purpose of the generic screen is to separate those sites that clearly do not pose a
significant risk from those sites that may or are likely to pose an unacceptable risk. At sites where
none of the data exceeds the generic screening levels, the decision is often made that no further
investigation or action is needed. Exceedances of generic screening levels generally indicate that
some additional site-specific study is warranted. However, significant exceedances of generic
screening levels (subjective, but on the order of a hundred- or a thousand-fold) may suggest that a
site-specific evaluation is unlikely to reduce the calculated risk estimates to acceptable levels, and
the project should proceed directly to mitigation. The effort and cost associated with a site-
specific evaluation may be significant, and proceeding directly from the screening assessment to
mitigation or land/building use controls based on feasibility and life cycle cost may be a more
cost-effective approach than conducting an extensive study.

2.6 Contaminant Fate and Transport Modeling

Contaminant fate and transport modeling is often used in evaluating the potential impacts of
vapor intrusion. This modeling approach has been the subject of many EPA and state guidance
documents and is discussed in greater detail in Appendix B. Modeling utilizes both analytical
data collected from soil, groundwater, or soil gas from the contaminated area in the vicinity of a
building and site characterization data that influence vapor transport. The most commonly used
model to estimate human health risks from subsurface vapor intrusion into buildings was
developed by EPA and is based on the work of Johnson and Ettinger (1991) (often referred to as
the Johnson and Ettinger [J&E] model). The EPA’s version of the J&E model is revised
periodically to incorporate different assumptions about soil properties as well as new human
health criteria developed by EPA. This model combines the analytical data with a variety of soil
and building parameters in an algorithm that predicts the emission of chemicals through cracks in
the slab of the foundation and, ultimately, the indoor air concentration of volatile chemicals. The
J&E model, fact sheet, and user’s guide are presented at:
http://www.epa.gov/oswer/riskassessment/airmodel/johnson_ettinger.htm. The EPA has
periodically revised and updated specific parameters and recommendations as new information
becomes available. Based on discussion with EPA staff, at the time of the publication of this
handbook it is not anticipated that EPA will finalize their vapor intrusion guidance; rather they
have indicated that they will recommend use of the ITRC vapor intrusion guidance as an
alternative.

Some regulators are concerned about the accuracy of the J&E model and thus some agencies
restrict the types of decisions that can be made about the vapor intrusion pathway based on
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modeling alone. Results of studies comparing J& E modeling results with actual indoor air
concentrations are mixed. While the J& E model usually overpredicts indoor air concentrations
(as a conservative model should), several agencies have reported that validation sampling
indicated that the J&E model underestimated indoor air concentrations for a number of volatile
chemicals. Although modeling results might provide one of the lines of evidence used to assess
vapor intrusion, not all regulatory agencies agree that modeling results alone are sufficient to
screen out a site from further consideration. Some of the potential advantages and limitations
associated with contaminant fate and transport modeling for a vapor intrusion investigation are

presented in Table 2-1.

Table 2-1: Advantages and Limitations Associated with Contaminant Fate and Transport
Modeling

Advantages of Modeling

Modeling Limitations

Can use available data as a starting point
for the evaluation

If model inputs are not representative of site
conditions or data quality is questionable, then the
modeling results will also be questionable (i.e.
garbage in, garbage out)

Can be used as a desktop tool for screening sites
and prioritizing any additional investigation needs

Poorly trained practitioners may use the model in
situations where its use is inappropriate

Collecting site-specific data can improve model
performance

If site characterization data is insufficient to
identify preferential pathways for vapor migration
and these pathways are not evaluated by the
model, then the default parameters of the model
may underestimate vapor intrusion risk.

Can be refined to incorporate a wide variety of
site-specific parameters

Modeling is complex and some regulators may
resist accepting results based on site-specific data
because they are unfamiliar with how the model
functions

Can be performed without disrupting
building occupants

The modeling results are only estimates of indoor
air concentrations, so they may not be accepted as
definitive proof that vapor intrusion does not pose
a risk.

Can use different types of analytical data
(e.g., groundwater, soil, and soil gas)

Modeling soil and groundwater data requires the
use of more assumptions than modeling soil gas
data

Can be used for future land use and
building analysis

Recognize that future land use and building
design may differ from that modeled. Future
building design used in the model should result in
a conservative risk estimate but also reflect
normal building practices for the area in question.

Some models can account for
attenuation over time

Accounting for attenuation requires additional
model inputs. Some of the inputs may not be well
understood for the in situ conditions

Provides an estimate of a building-specific
attenuation factor

Not accepted by all regulatory agencies
as a definitive screening tool

In general, it is recommended that contaminant fate and transport modeling be conducted as
part of the generic screening process. It is non-invasive to local residents, is relatively cheap and
efficient, and can be designed to incorporate site-specific parameters. While not all regulatory
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agencies will accept the results of the modeling as a sufficient screening step, it can provide
valuable information to consider as part of a vapor intrusion investigation.

2.7 Indoor Air Sampling

An alternative to fate and transport modeling is the direct measurement of indoor air in
buildings located above subsurface contamination. Indoor air sampling is not typically
performed as part of the initial screening phase of a vapor intrusion project. However, some
regulatory agencies are requiring indoor air sampling when volatile chemicals are detected in soil
gas or groundwater below buildings. For example, the Massachusetts Department of
Environmental Protection (MassDEP) “generally recommends direct measurement as preferable
overall for evaluating conditions in existing buildings associated with current groundwater
concentrations” (MassDEP, 2002).

It is generally recommended that indoor air samples be taken on at least two separate
occasions, typically during the summer and winter seasons. This will account for some of the
seasonal variability that may affect vapor intrusion. There is no clear consensus on how to
average the data collected over multiple seasons. A reasonable approach would be to evaluate the
potential risk for each individual sample. This would allow for an evaluation of the range of risk
associated with the indoor air data. Sampling methods for conducting an indoor air investigation
are discussed in greater detail in Section 3 and in Appendix D. Appendix E presents EPA’s
“Occupied Dwelling Questionnaire” which may be useful when preparing for an indoor air
investigation.

Indoor air sampling can be a useful method for identifying the actual concentrations of
chemicals to which a receptor may be exposed. However, it is important to control for
background levels of chemicals that may be present in the building or in outdoor air. Evaluating
the impacts of background chemicals on indoor air quality is discussed in greater detail in
Section 3.3.4. It may also be useful to collect several sub-slab soil gas samples concurrently with
the indoor air samples to evaluate the attenuation associated with the migration of the chemicals
from below the slab into the indoor air of the building.

2.8 Evaluating the Results of the Screening Level Assessment

Risk conclusions for the screening level assessment are based on the results of the
comparison of site concentrations (either measured or modeled) with the generic screening
concentrations referred to in Section 2.5. The results of this conservative evaluation should be
considered to be indicative of potential site risk rather than an accurate predictor of risk. The
screening level assessment is typically used to distinguish between sites or buildings that pose
little or no vapor intrusion risk and those with potential risk that require further study. Sites or
buildings where a single sample exceeds the screening criteria but the majority does not, may not
be a candidate for additional investigation. It is important to seek agreement with stakeholders
beforehand regarding how screening data can be used to make risk management decisions.

