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EXECUTIVE SUMMARY

The Montana Department of Environmental Quality (DEQ) prepared this guidance to assist
responsible/liable parties, environmental professionals, and DEQ technical contacts in evaluating
actual and potential vapor intrusion (V1) at contaminated sites. VI is the migration of volatile
chemicals from the subsurface into structures or buildings. This guidance addresses VI in residential
and non-residential settings potentially impacted with volatile and semi-volatile compounds
(including solvents and petroleum hydrocarbons) and other volatile contaminants in the State of
Montana. Recognizing that the field of VI continues to advance, DEQ will update this guidance
periodically to incorporate State-specific information and technological advancements in the
science of VI.

Acute health effects and fire hazards from high concentrations of vapors are beyond the scope
of this guidance. Situations involving fire, explosion, or serious acute health affects should be
referred to local fire or emergency response teams, and the Montana Department of Public
Health and Human Services.

Montana’s approach identifies and evaluates exposure pathways by developing and continuing to
refine conceptual site models with site-specific information. This iterative process continues until
site-specific information either eliminates a completed pathway or confirms it. When VI
investigations indicate that volatile compounds are entering structures or may affect future
structures and pose an unacceptable health risk, actions are taken to mitigate the risk of exposures.

Petroleum Vapor Intrusion (PVI) differs from vapor intrusion associated with chlorinated
compounds due to the ability of petroleum hydrocarbons to naturally biodegrade in the vadose zone
through the actions of microorganisms found naturally in soil. At sites with sufficient oxygen
supply from the atmosphere, biodegradation of petroleum hydrocarbons can occur relatively quickly
and will generally produce less harmful compounds (i.e., biodegradation products), resulting in
attenuation of petroleum hydrocarbon vapors over relatively short distances in the vadose zone.
Numerous site-specific factors can influence the biodegradation rate of petroleum hydrocarbons;
therefore, a 3-step screening process has been adopted for sites contaminated with only petroleum
hydrocarbons to evaluate the PVI pathway. The screening approach is based on peer-reviewed,
empirical studies by Lahvis et al. (2013a) and USEPA (2013a).

Analytical data from other states and national studies may not be appropriate for application in
Montana. Background VOC concentration data from indoor air and ambient outdoor air studies at
locations outside of Montana may include higher concentrations than those found in Montana. Also,
the seasonal hard ground freeze conditions (common to northern states, such as Montana) may
affect VI differently compared with areas subject to warmer winter temperatures. Moreover,
Montana’s unique set of exposure scenarios may necessitate adaptability of, preclusion of, or render
certain screening procedures either unnecessary or impractical. As such, in order to provide a better
regional understanding of VI risk and exposure, in August 2012, DEQ published the results of a
Montana-specific background indoor air investigation (DEQ 2012), which is discussed later in this
document.

Page ii



Evaluation of releases of volatile contaminants in soil and groundwater is needed to determine what
risk they pose to existing structures or future construction. The first step in developing a VI
conceptual site model is the evaluation of VOC concentrations in the groundwater and soil,
potential current and future exposure pathways, soil type, and distance of the contamination (both
lateral and vertical) to existing or future structures and preferential pathways. Buried utility lines
and other pathways of preferential VOC migration may also pose a risk to structures and should
always be evaluated. When the release and site characteristics indicate V1 is a probable risk, further
investigation, including the collection and analysis of air/vapor samples, is necessary to evaluate the
risk to human health. Several different types of environmental samples may be collected including
soil vapor samples, near-slab and sub-slab vapor samples, samples of the air found in crawlspaces,
indoor air samples, and outdoor air (sometimes referred to as "ambient air") samples. Because
some VOCs are present in common consumer products, evaluation of VOC sources inside
structures should be identified as part of a VI investigation. Thorough preplanning is necessary to
ensure sufficient information is collected to evaluate VI in the most efficient manner.

This guidance document is organized into the following sections:
Section 1: Introduction: This section explains VI and the purpose of the guidance.

Section 2: Preliminary Screening Phase: This section discusses the development of a
conceptual site model to determine whether further VI investigation is necessary.

Section 3: Sampling and Analysis Plan Development: This section guides the development
of a plan to conduct a VI investigation when the preliminary screening indicates a VI risk
may exist.

Section 4: Sampling Protocols: This is the “how to” portion of the document that discusses
sampling methods and procedures for collecting VI samples.

Section 5: Laboratory Analysis of Vapor Samples: This section explains the different
analytical methods for analyzing VI samples.

Section 6: Screening Levels: This section discusses screening levels used to determine when
VI risks may warrant further investigation.

Section 7: Data Evaluation: This section discusses use of VI data to evaluate risks to human
health to determine whether mitigation is needed.

Section 8: Mitigation and Property Development: This section discusses methods to
mitigate VI risks.

Section 9: References: This section provides references to citations in the guidance.
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DEFINITIONS AND ACRONYMS
1,2-DCA - 1,2-Dichloroethane.
Aerobic Soils — Soils that contain sufficient oxygen concentrations to support aerobic respiration.
AF — Attenuation Factor — The ratio of the indoor air concentration arising from vapor intrusion to
g; r;svl:/lia);l.irface vapor concentration at the source or a depth of interest in the vapor intrusion

Ambient Outdoor Air Sample — Air that is representative of site-specific outside conditions.

Anaerobic Soils — Soils that contain insufficient oxygen concentrations to support aerobic
respiration.

APH — Air-Phase Petroleum Hydrocarbons — Analytical method developed by the Massachusetts
Department of Environmental Protection for the determination of the presence of individuals of a
group of petroleum hydrocarbons that includes the non-target petroleum fractions typically found in
gasoline and other lighter petroleum products. The method can also quantify target analytes from
gasoline and other lighter petroleum products. Also known as volatile petroleum hydrocarbons
(VPH).

ARM — Administrative Rules of Montana.

Background — Contaminant concentrations (or contaminants of concern) that can be attributed to
natural or man-made sources but are not associated with contaminant sources at the site.

Barometric Pumping - Variation in the ambient outdoor atmospheric pressure that results in
subsurface motion of air in porous and fractured earth materials.

bgs — Below ground surface.

Biodegrade/Biodegradation — The breakdown of organic contaminants by microbial organisms
into smaller compounds.

CAP — Corrective Action Plan — Work plans developed to investigate or cleanup a contaminated
site.

Carcinogen — A compound that the EPA has determined causes cancer based on the weight of peer-
reviewed scientific evidence. Some carcinogens may also have non-carcinogenic effects.

CCV - Continuing calibration verification — A mid-range calibration standard used to check a
laboratory instrument’s initial calibration on a daily basis.
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Chimney effect — The tendency of gas (vapor) to rise into a building due to negative pressure
gradients that commonly result from existing heating, ventilation, and air conditioning systems. In
Montana, the chimney effect is likely to be most prevalent in the winter when ground is frozen,
buildings are being actively heated, and windows/doors are closed.

Chlorinated Solvent — An organic compound containing at least one covalently bonded chlorine
atom, such as trichloroethylene, dichloroethylene, and vinyl chloride.

Circular DEQ-7 — The Montana Numerical Water Quality Standards, applicable to state surface
water and groundwater, adopted by rule and published by DEQ in Circular DEQ-7.

COC/COCs — Contaminant of concern/contaminants of concern — Specific compounds that are
identified in a contaminant source that have the potential to impact indoor air via the vapor intrusion
pathway.

Commercial/Industrial Structure — Property used as a place of business with employees present
regularly on a typical five days on, two days off schedule with no one living on the property.

Contaminant Source — With respect to vapor intrusion, soil, soil vapor, groundwater contaminated
with volatile chemicals, NAPL, or other sources of volatile chemicals that can generate vapors
beneath the ground surface or within structures.

COPC/COPCs — Contaminant of Potential Concern/Contaminants of Potential Concern —
Compounds that are initially identified for evaluation for potential vapor intrusion.

Crawlspace — A low or narrow space where people do not live or work, beneath the lower story of
a structure.

CSM — Conceptual Site Model — A simplified version of the site or physical settings and known or
suspected contaminant sources, contaminant migration pathways, potential human receptors and the
exposure routes by which these receptors may come in contact with contaminants on a site-specific
basis.

DEQ — Montana Department of Environmental Quality.

DEQ-7 — See Circular DEQ-7 (above).

DFA — Difluoroethane.

DQOs — Data quality objectives — Qualitative and/or quantitative metrics that define the
investigation goals and should be met to allow the results of an investigation to support decision

making.

EDB — Ethylene dibromide.
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EDD — Electronic Data Deliverable — An electronic data file provided in a format that is easily
downloaded into a data management system.

EPA — United States Environmental Protection Agency.

EPH — Extractable Petroleum Hydrocarbons — A group of petroleum hydrocarbons that includes the
petroleum fractions typically found in diesel and other heavier petroleum products. EPH is
comprised of Cg through Cisg aliphatic hydrocarbons, C1g through Css aliphatic hydrocarbons, and
Cu1 through C22 aromatic hydrocarbons. EPH is also the analytical method developed by the
Massachusetts Department of Environmental Protection to determine the fractional composition of
these non-target compounds.

Equilibration Testing — Collecting vapor samples for laboratory analysis periodically to evaluate if
equilibrium has been achieved.

Exposure — The contact of a receptor with a contaminant of concern.

Exposure Pathway — The route a chemical or physical agent takes from a contaminant source to an
exposed receptor. An exposure pathway describes a unique mechanism by which an individual or
population is exposed to contaminants of concern at or originating from a release. Each exposure
pathway includes a contaminant source, an exposure point, and an exposure route. If the exposure
point differs from the contaminant source location, a transport/exposure medium (e.g., air) or media
(in cases of transfer between media) will also be included.
Examples of complete exposure pathways may include, but are not limited to:

« inhalation of vapors from impacted soils by a person on site;

«inhalation of vapors by a person resulting from the off-site migration of NAPL; and

« inhalation of vapors from impacted groundwater migrating through soil to the surface or into a

structure.

GC - Gas chromatography — An analytical laboratory technique that uses a separation column to
detect the presence and quantity of a compound in a sample.

GC/MS — Gas chromatography/mass spectrometry — An analytical laboratory technique the uses a
separation column followed by precise measurement of mass to identify compounds and their
quantities.

Hazard Index — The sum of more than one hazard quotient for multiple substances and/or multiple
exposure pathways that affect the same target organ.

Hazard Quotient — The ratio of a single substance exposure level over a specified time period to a
reference dose for that substance derived from a similar exposure period.

HVAC — Heating, ventilating, and air conditioning.

Inches Hg — Inches of mercury.

Page x



LCS — Laboratory Control Sample — A laboratory-prepared quality control sample that consists of a
laboratory method blank injected with contaminants of concern to be analyzed in associated field
samples.

Lead Scavengers — Compounds such as 1,2-DCA and EDB that were added to leaded gasoline to
help volatilize or scavenge tetraethyl lead so it would not accumulate in an engine.

LMB - Laboratory Method Blank — A laboratory-prepared quality control sample that consists of a
clean sample container identical to those that are used to collect associated field samples filled with
a clean sample of the same matrix to be analyzed in the field samples.

LNAPL/NAPL - Light nonagueous-phase liquid/nonaqueous-phase liquid.

LOQ - Limit of Quantitation - The smallest concentration that produces a quantitative result with
known and recorded precision and bias. The LOQ must be equal to or greater than the Method
Detection Limit (MDL) and the LOQ shall be set at or above the concentration of the lowest initial
calibration standard and within the calibration range. The LOQ is often knows referred to as the
PQL (Practical Quantitation Limit) or SQL (Sample Quantitation Limit). It can be, but often is not
the same as the RL (Reporting Limit) as defined by the laboratory. The LOQ must include
adjustments for sample specific values such as percent moisture and dilutions.

MBTEXN — Methyl tertiary-butyl ether, benzene, toluene, ethylbenzene, xylenes, and naphthalene.
MCA — Montana Code Annotated.

Mitigation System — A process using a mechanical system or barrier to interrupt the vapor
intrusion pathway either by preventing contaminated soil vapors from entering the structure or by

removing the vapors that are inside the structure.

MTBE — Methyl Tertiary-Butyl Ether — A synthetic chemical added to most commercial gasolines
as an anti-knock additive or oxygenate from 1979 to 2005.

Mg/L — Micrograms per liter.
ug/mé — Micrograms per cubic meter.

Multiple Lines of Evidence — The evaluation of several independent factors that may impact vapor
intrusion. These factors include analytical data from indoor air, ambient outdoor air, soil vapor,
sub-slab vapor, soil, and groundwater. Additional lines of evidence that may be considered include
building construction, potential indoor sources, weather conditions, constituent ratios, proximity to
contaminant sources, and time needed to remediate contaminant sources.

Near Slab Sample — A vapor sample collected by installing a vapor probe as close to the structure

foundation as possible but no more than 10 lateral feet from the structure and extended vertically
below the footings or basement floor of the structure.
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Non-Carcinogen — A compound that the EPA has determined to have toxic effects but has not been
determined to be a carcinogen. Some carcinogens may also have non-carcinogenic effects.

O2 — Oxygen in its common gaseous state.

OM&M - Operation, maintenance, and monitoring.

OSHA - Occupational Safety and Health Administration.

PAHs — Polycyclic aromatic hydrocarbons (a.k.a. polynuclear aromatic hydrocarbons).
PCE — Tetrachloroethene (also called perchloroethene or tetrachloroethylene).

Petroleum Release — A release of petroleum hydrocarbon product into the environment. (See
definition of “release” below).

PVI — Petroleum Vapor Intrusion — Vapor intrusion of solely petroleum compounds. The three-step
screening process and other PV1 specific considerations should not be used when other volatile
compounds are present.

QC — Quality control — A process employed to ensure an appropriate level of certainty in an
environmental sample or set of environmental samples.

RBCA — Risk-based corrective action — A decision-making process based on the protection of
public health, safety, and welfare, and the environment, which results in the consistent assessment,
remediation and/or resolving (closure) of petroleum releases.

RBSL - Risk-Based Screening Level — A chemical concentration considered acceptable for a given
exposure scenario based on estimated risk to potential receptors. Published in Tables 1 through 3 in
Montana Tier 1 Risk-Based Corrective Action for Petroleum Releases (RBCA, May 2018, or most
recent).

Reasonably Anticipated Future Uses — Reasonably anticipated future uses as defined in §75-10-
701(18), MCA, means likely future land or resource uses that take into consideration:
+local land and resource use regulations, ordinances, restrictions, or covenants;
+ historical and anticipated uses of the site;
+ patterns of development in the immediate area; and
+relevant indications of anticipated land use from the owner of the site and local planning
officials.

Receptor — Regarding vapor intrusion, a receptor is any person that is or could potentially be
adversely affected by contamination at a site.

Release — Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting,
escaping, leaching, dumping, placing of waste, or disposing of a hazardous or deleterious substance
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directly into the environment (including the abandonment or discarding of barrels, containers, and
other closed receptacles containing any hazardous or deleterious substance) as defined in MCA 75-
10-701(19) or as define by any appropriate statute or rule.

Remedial Action — Actions at a site that may include, but are not limited to: investigation, site
assessment, emergency response, abatement, underground storage tank removal, cleanup, operation
and maintenance of equipment, monitoring, reclamation, and termination of the corrective action.

Residential Structure — Any building or enclosed structure used as a place of residence.
Residential structures also used for businesses are considered residential for evaluation purposes.

RP — Responsible Party — An owner, operator, generator, transporter, or other person responsible
for cleanup of a contaminated site.

RSL — Regional Screening Level — EPA’s chemical-specific concentrations for individual
contaminants in air, drinking water and soil that may warrant further evaluation. EPA’s RSLs can
be found at https://www.epa.gov/risk/regional-screening-levels-rsis-generic-tables.

Sampling train — Equipment utilized to collect air samples that includes the sample port, associated
tubing, and the sample collection device.

SAP — Sampling and analysis plan.
Screening Levels — Risk-based screening levels (RBSLs), EPA regional screening levels (RSLs), or
vapor intrusion screening levels (VISLs) — Screening levels may be different than site-specific

cleanup levels.

SIM — Selective(ed) ion monitoring — A mode of mass spectrometer instruments that selectively
scans for characteristics of compounds of interest and allows for increased sensitivity.

Soil Gas/Soil Vapor — The air existing in the pore spaces between soil particles in the soil matrix.

Sorbent Tube — A sampling tube typically made of glass and containing various types of solid
adsorbent material used for sampling hazardous gases and vapors in air.

SMD - Sub-membrane Depressurization — A mitigation system which uses a soil vapor retarder
consisting of plastic sheeting or other suitable membrane material and is installed over the earthen
floor and sealed against the structure.

SSD — Sub-slab Depressurization — A mitigation system that typically uses a fan or blower to draw
air from the soil beneath the slab of a structure.

Sub-slab Vapor Sample — A soil vapor sample collected from immediately below (generally 3-4
inches) a structure’s slab.
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Summa Canister — A stainless steel canister used to collect an air sample.

SVE — Soil vapor extraction — An environmental cleanup technology that extracts vapors from the
soil above the water table by applying a vacuum to pull the vapors out.

SVOC - Semi-volatile organic compound — A subgroup of VOCs that tend to have a higher
molecular weight and higher boiling point temperature than other volatile organic compounds.

TCE — Trichloroethene (also called trichloroethylene).

Tedlar Bag — A bag manufactured from polyvinyl fluoride (Tedlar) film and used to collect air
samples for analysis of solvents, hydrocarbons, and many other classes of compounds.

TO-15 — A laboratory analytical method developed by the U.S. EPA for the determination of
volatile organic compounds in air collected in specially-prepared canisters (i.e., Summa canisters)
and analyzed by gas chromatography/mass spectrometry.

TO-17 — A laboratory analytical method developed by the U.S. EPA for the determination of semi-
volatile organic compounds in air collected on sorbent tubes and analyzed by thermal desorption
onto a gas chromatograph with a mass spectrometer.

Vadose Zone — The area between the top of the ground surface and the water table.
Vapor — A substance in the gaseous state as distinguished from the liquid or solid state.

VI — Vapor Intrusion (V1) — The migration of volatile chemicals from the subsurface into nearby or
overlying structures. Volatile chemicals in buried wastes and/or contaminated soil or groundwater
can emit vapors that may migrate through subsurface soils and into air spaces of overlying
structures. In some cases, the vapors may accumulate in structures to levels that may pose safety
hazards, acute or chronic health effects, or aesthetic problems.

VISL — Vapor Intrusion Screening Levels, as calculated from the Environmental Protection
Agency’s Vapor Intrusion Screening Level Calculator — The VISL calculator identifies chemicals
that are sufficiently volatile and toxic to warrant an investigation of the soil gas intrusion pathway
when they are present as subsurface contaminants. EPA’s VISLs can be found at
https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator.

VOC - Volatile Organic Compound — An organic chemical compound that has a high vapor
pressure and under normal conditions is capable of vaporizing and entering the atmosphere.

Volatile Chemicals — chemicals that generate vapors and mainly include volatile organic
compounds (VOCs), and some semi-volatile organic compounds (SVOCs). Although VI is most
commonly associated with chemicals possessing high vapor pressures, some pesticides, polynuclear
aromatic hydrocarbons (PAHSs), and other SVOCs may have sufficient volatility and toxicity to pose
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a VI risk. Inorganic substances, such as elemental mercury or radon, may also pose a risk. Radon
is not within the scope of this document.

VPH — Volatile Petroleum Hydrocarbons — Please see Air-phase petroleum hydrocarbons (APH).
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1.0 INTRODUCTION

The Montana Department of Environmental Quality (DEQ) prepared this guidance to assist
responsible parties, environmental professionals, and DEQ technical contacts in evaluating actual or
potential vapor intrusion (V1) into indoor air at contaminated sites.

1.1 Applicability

This guidance addresses VI in current and future residential and non-residential settings potentially
impacted with solvents (chlorinated and non-chlorinated), petroleum, and other substances that can
generate vapors in the subsurface soils in the State of Montana. Departures from this guidance
should be discussed with the appropriate DEQ technical contact. Acute health effects and fire
hazards from high concentrations of vapors are beyond the scope of this guidance. Situations
involving fire, explosion, or serious acute health affects should be referred to local fire or
emergency response teams, and the Montana Department of Public Health and Human
Services.

This document contains guidance, not regulation. Adherence to the requirements outlined in the
relevant statutes and regulations is mandatory; however, adherence to this guide is not. This
guidance does not create any requirements or obligations on the regulated community. Instead, the
sources of authority and requirements for addressing V1 are the relevant statutes and regulations,
including but not limited to, the Comprehensive Environmental Cleanup and Responsibility Act
(CECRA) contained in §8 75-10-701 through 752, MCA, Petroleum Storage Tank Cleanup Act,
contained in 88 75-11-301 through 321, MCA, and the Montana Underground Storage Tank Act,
contained in 8§ 75-11-501 through 526, MCA. These recommendations do not supersede any
statutory or regulatory requirements, are subject to change, and are not independently binding on
DEQ. Additionally, if a conflict exists between this guidance and the statutory or regulatory
requirements, the conflict must be resolved in favor of the statute or regulation.

Work plans and corrective action plans that follow this guidance are likely to contain the
information necessary for DEQ to approve the work plan. DEQ developed this guidance using its
scientific and technical expertise and based on a review of relevant Montana-specific information,
as well as other technical documents. DEQ encourages parties to contact DEQ with any additional
or clarifying questions about this document, or if the party believes that DEQ has incorrectly
characterized a particular process or recommendation.

1.2 Vapor Intrusion

The phrase "vapor intrusion” refers to the process by which volatile chemicals migrate from
subsurface contaminant sources such as contaminated soils or groundwater, to the soil vapor phase,
and into the indoor air of current or future nearby or overlying structures. Potential contaminant
sources for VI are any volatile chemicals that can generate vapors beneath the ground surface or
within structures including, but are not limited to, the following:

e Groundwater or soil that contains volatile chemicals;
e Nonaqgueous phase liquid (NAPL);
e Buried wastes;



e Underground storage tanks or drums;
e Contaminated utility lines and corridors; and
e Other sources of subsurface contamination.

Soil vapor is the air found in the pore spaces between soil particles. Soil vapor can become
contaminated when chemicals volatilize from contaminant sources and migrate into the pore spaces.
"Volatile chemicals" are chemicals that generate vapors and mainly include volatile organic
compounds (VOCs), and some semi-volatile organic compounds (SVOCs). Although VI is most
commonly associated with chemicals possessing high vapor pressures, some pesticides, polynuclear
aromatic hydrocarbons (PAHSs), and other SVOCs, including emerging contaminants like
fluorinated compounds, may have sufficient volatility and toxicity to pose a VI risk. Inorganic
substances, such as elemental mercury or radon, may also pose a risk. While the investigation and
mitigation of naturally occurring radon is beyond the scope of this guidance, DEQ has radon-related
resources available (see: https://deq.mt.gov/energy/programs/radon).

When contamination is present near or beneath buildings, it may move as a vapor through soil gas
and into structures (EPA, 2005). Soil vapor can enter a structure whether the structure is old or
new, or whether it is on a slab or has a crawlspace or basement (Figure 1). However, the subsurface
source of the contaminated vapor (e.g., contaminated soil or groundwater) does not need to be
directly beneath a structure to impact the vapor beneath the structure's foundation as suggested in
Figure 1.

Contaminated soil vapors may enter structures through cracks in slabs or basement floors and walls,
through the junction between the slab footing and the basement floor, through dirt floors, and
through openings around sump pumps or where pipes and electrical wires go through the
foundation. Buried utility lines (gas, electric, sewer, communication lines) may pose a greater risk
than undisturbed ground because the utility trench may serve as a preferential pathway allowing
vapors to migrate easily to a structure at locations where the utility penetrates the foundation (ITRC,
2007). Heating, ventilation, and air-conditioning systems increase the risk of drawing contaminated
soil vapor into structures by reducing the air pressure inside structures, (ITRC, 2007).


https://deq.mt.gov/energy/programs/radon
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1.3 Exposure to Vapors

In the context of VI, vapors are contaminants or chemicals in a gaseous state that are diffused or
suspended in air. Humans can be exposed to contaminated soil vapor indoors when vapors from
beneath or near a structure migrate through cracks and openings in the foundation and mix with the
indoor air. These vapors may be inhaled along with the indoor air. The potential for VI exists when
contaminated soil vapors could move to existing structures not currently affected, or when new
structures may be built over existing subsurface vapor contamination. Exposure to underground
vapors may also occur when construction workers are working in trenches or excavations.

Inhaling a volatile chemical does not necessarily mean that a person will experience adverse health
effects. Whether or not a person experiences adverse health effects depends on several factors,
including: the length of time a person is exposed, the concentration or amount of the chemical in the
air, the number of times a person is exposed, the toxicity of the volatile chemical, and the person’s
sensitivity to the chemical. DEQ separates health effects into two categories: carcinogenic and non-
carcinogenic. Carcinogenic compounds may cause cancer. Non-carcinogenic compounds are not
expected to cause cancer but may disrupt or affect the body’s normal function. Some carcinogenic
compounds may also disrupt or affect the body’s normal function without causing cancer.

Inhaled contaminated vapors can cause acute or chronic health effects depending on the exposure
concentration and duration. Chronic health effects may occur over an extended period of exposure
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and some symptoms may develop after exposure has ceased. Examples of chronic health effects
associated with volatile compounds include cancer, effects on the blood or lungs, impaired kidney
function, impaired liver function, impaired motor function, etc. Acute health effects are apparent
over a very short period of time. Examples of acute health effects associated with volatile
compounds include shortness of breath, dizziness, headaches, or asphyxiation, etc. Both chronic
and acute health effects can be caused by concentrations of volatile compounds that are below
olfactory (smell) thresholds and can only be analyzed with sensitive sampling and analysis
procedures. Acute health effects and fire hazards from high concentrations of vapors are
beyond the scope of this guidance. Situations involving fire, explosion, or serious acute health
affects should be referred to local fire or emergency response teams, and the Montana
Department of Public Health and Human Services.

Situations may arise where concentrations of indoor air contaminants are elevated above screening
levels, but negative/acute effects have not been reported. In these situations, additional resources
may be needed to determine whether a situation needs immediate response and include the Agency
for Toxic Substances and Disease Registry (ATSDR) Minimal Risk Levels, or consultation with the
Montana Department of Public Health and Human Services. ATSDR’s October 2016 guide entitled
“Evaluating Vapor Intrusion Pathways, Guidance for ATSDR’s Division of Community Health
Investigations” provides detailed information on this topic.

While the focus of this guidance is on vapors from VI, it is important to recognize that indoor air
can contain contaminants from indoor air sources (for example: cleaning supplies, air fresheners,
hobby/craft products, paints, carpets, personal care products, cigarette smoke, etc.) as well as from
outside (‘“ambient”) sources (for example: vehicle emissions, forest fires, industrial and commercial
processes, etc.). In August 2012, DEQ published the results of its indoor air sampling investigation
of 50 non-smoking residential homes across Montana in both rural and urban areas to determine
“typical” background indoor air quality in the state (DEQ, 2012). The results of the Montana
Background Indoor Air investigation can be used to evaluate indoor air sample results in the context
of indoor air levels typically found in Montana homes not impacted by vapor intrusion.

1.4 Evaluating and Investigating Vapor Intrusion

Both VI that is documented in a structure and potential future VI should be evaluated. Potential
future VI exists when volatile chemicals are present, or are accumulating, in the vapor phase
beneath a structure but have not yet affected indoor air quality or when a structure may be built in
the future. All releases of volatile chemicals in soil and groundwater should be evaluated to
determine what risk they pose to existing structures or future construction.

The first step to evaluate V1 is to identify the release characteristics which include: nature and
extent of volatile chemicals in the groundwater and soil, soil type, depth to groundwater and flow
direction, groundwater temperature, groundwater well locations, distance to buried utilities and
surface structures, and other factors discussed in this guidance. This information forms the
conceptual site model (CSM). When the release and site characteristics indicate V1 is a probable
risk, further investigation including the collection and analysis of air/vapor samples is
recommended.



Several different types of environmental samples may be collected including, but not limited to:
groundwater samples, soil samples, soil vapor samples, near-slab soil vapor samples, sub-slab soil
vapor samples, samples from the air found in crawlspaces, indoor air samples, and ambient outdoor
air samples. The process of investigating VI typically involves more than one set of samples to
determine the extent of vapor contamination and whether the pathway is complete or potentially
complete. DEQ reviews the results from different sample sets and different types of samples in a
“multiple lines of evidence” approach (see Section 2.7).

The following paragraphs list common VI investigative samples and how they may be used in
refining a conceptual site model or directly measuring VI in structures.

Groundwater samples characterize the nature and extent of volatile contaminants in
groundwater. Volatile contaminants can move from groundwater into soil vapor where they
can pose a threat of VI.

Soil samples characterize the nature and extent of volatile contaminants in soil. Volatile
contaminants can move from soil into soil vapor where they can pose a threat of VI.

Soil vapor samples characterize the nature and extent of vapor contamination in the soil in
each area. Soil vapor samples may be collected before sub-slab vapor and/or indoor air
samples to help identify structures or groups of structures that may need to be investigated.
Soil vapor samples may be collected from utility bedding/fill material to assess vapors in
utility corridors. Soil vapor samples are used to determine the potential for vapors to
accumulate beneath structures. Soil vapor samples are also collected to assess undeveloped
properties for VI in future structures. Please note that soil vapor samples are not the same as
soil samples. Soil vapor samples assess contamination present in the soil vapor between the
soil particles. Soil samples measure the total amount of contamination present in the soil,
including contaminants that adhere to soil particles and are not detected in a soil vapor
sample.

Near-source soil vapor samples are collected to evaluate worst-case (highest) vapor
concentrations immediately above or near known sources of volatile contaminants.
Examples of near-source vapor samples include samples collected immediately above the
groundwater table, immediately above NAPL, or near known soil sources. Near-source
vapor samples can be compared to other types of samples to evaluate concentration
gradients.

Near-slab soil vapor samples are a specialized type of soil vapor sample that is collected by
installing a vapor probe or nested probes as close to the structure foundation as possible but
no more than 10 lateral feet from the structure and extends vertically below the footings or
basement floor of the structure. Near-slab soil vapor samples can be used to determine
potential for VI when the more accurate sub-slab soil vapor samples cannot be obtained, or
as a precursor to the more invasive sub-slab sampling.




e Sub-slab soil vapor samples characterize the nature and extent of vapor contamination in the
soil immediately beneath a structure with a concrete slab. Sub-slab vapor results are used to
determine the immediate potential for VI within the structure.

e Crawlspace air and/or soil vapor samples may be collected below structures without a slab.
Like sub-slab vapor results, crawlspace and soil vapor samples are used to determine the
potential for VI within the structure.

e Indoor air samples characterize the nature and extent of vapors within a structure. Indoor air
sample results help to evaluate whether vapors are currently present inside a structure. They
are also compared to sub-slab vapor and ambient outdoor air results to help determine where
volatile chemicals may be coming from (indoor sources, outdoor sources, and/or soil vapor
beneath the structure).

e Ambient outdoor air samples characterize site-specific outside air conditions. Ambient
outdoor air results are used to evaluate the extent to which outdoor sources, such as
automobiles, lawn mowers, oil storage tanks, gasoline stations, or commercial/industrial
facilities may be affecting indoor air quality. However, the presence of a contaminant in the
ambient outdoor air does not necessarily mean that the contaminant will be present in indoor
air. When a structure may be impacted through both a subsurface VI pathway and a surface
air pathway from the same contaminant source, a more detailed ambient outdoor air survey
may be needed.

o Utility air samples may be collected from the air inside sewer lines and storm drains to
assess these utilities as VI pathways.

Evaluating and investigating V1 is covered in detail in Sections 2 through 7 of this guidance
document.

1.5 Mitigating Vapor Intrusion

When VI investigations indicate that volatile compounds may enter structures and pose an
unacceptable health risk to actual or potential occupants, actions should be taken to disrupt the VI
exposure pathway. An obvious long-term solution is to remove the chemicals that are generating
vapors from the subsurface. However, in many cases, timely contaminant source removal is not
possible, and other short- or long-term measures should be taken to prevent vapors from intruding
into structures. The decision to mitigate will be site-specific. Structure mitigation is discussed in
Section 8.



2.0 PRELIMINARY SCREENING PHASE

2.1 Initial Evaluation and Conceptual Site Models

Although all releases of volatile chemicals should be evaluated for their VI potential, this does not
mean that a VI investigation will be completed for every release. This section discusses the steps
needed in an initial evaluation to determine if a VI investigation may be needed. The first step in
assessing the vapor intrusion pathway is the development of a conceptual site model based on all
available site data. An initial screening level evaluation is also completed to ensure that those sites
most likely to pose unacceptable risk from vapor intrusion are retained for a more detailed
evaluation. It is also expected that some sites will be removed from further evaluation if one or
more of the following can be demonstrated (ITRC, 2007):

e the exposure pathway is and will remain incomplete,
e the COCs are not deemed sufficiently volatile to pose a hazard, or
e the concentrations of the volatile chemicals fall below generic screening levels.

2.2 Develop a Conceptual Site Model

A conceptual site model (CSM) should be used to develop a general understanding of the site,
evaluate potential risks to human health and the environment, and assist in identifying and setting
priorities for the activities to be conducted at the site. The CSM identifies potential contaminant
sources, types of contaminants and affected media, release mechanisms and potential contaminant
pathways, and potential current and future human and environmental receptors. A preliminary
CSM documents current site conditions such as site geology, hydrogeology, and volatile organic
compound (VOC) distribution and composition relevant to soil gas migration, and should be
supported by maps, cross sections, and site diagrams (ITRC, 2007).

For a complete VI exposure pathway to exist there needs to be a volatile contaminant source; a pathway
involving contaminated soil, groundwater, or other materials; and a current or future receptor. A CSM
should be developed from these elements to evaluate potential risks to human health and the
environment and to design an investigation approach. The CSM can be dynamic but should be as site-
specific as possible. EPA’s June 2015 OSWER Technical Guide for Assessing and Mitigating the Vapor
Intrusion Pathway From Subsurface Vapor Sources Into Indoor Air (EPA, 2015a), the Interstate
Technology and Regulatory Council’s (ITRC’s) January 2007 Vapor Intrusion Pathway: A Practical
Guide (ITRC, 2007) and the Risk Assessment Guidance for Superfund Volume | Human Health
Evaluation Manual (Part A) (EPA, December 1989), and DEQ’s Risk-Based Corrective Action
Guidance for Petroleum Release (DEQ 2018b) provide information regarding CSMs and the DEQ
Voluntary Cleanup and Redevelopment Act Application Guide (DEQ, May 2018a) provides an example
of a CSM for multiple pathways. For an example of a CSM for PV1 sites, ITRC’s Petroleum Vapor
Intrusion Fundamentals of Screening, Investigation, and Management (ITRC, 2014) and the Technical
Guide for Addressing Petroleum Vapor Intrusion at Leaking Underground Storage Tank Sites.
(EPA, June 2015) can be referenced.



Following are some of the questions that should be asked to develop the CSM:

e \Where are the contaminant source areas?

e What is the contamination (e.g., petroleum hydrocarbons, chlorinated solvents, other VOCs,

or mixture)?
e What is the age of the release? When did it occur?
e |s the contaminant plume stable or expanding?
e s the extent of contamination defined?

e What are the contaminated media (e.g., soil, soil vapor, groundwater, or NAPL) and what is

the extent of the contamination in each contaminated media?

What is the depth and flow direction of groundwater?

What are the soil types and geology of the site (e.g. tight clay soils, gravels, bedrock)?

What is the size of the site (or extent of contamination)?

Does the contamination extend beyond property boundaries?

What is the current and reasonably anticipated future use of the site (e.g., residential,

commercial, etc.)?

Is the area of contamination developed or undeveloped?

e What types of structures are present or reasonably anticipated (e.g., basement, slab-on-
grade, earthen floor, crawlspace)? What is the use and occupancy of the buildings?

e What are the vertical and horizontal distances between an occupied structure and
contaminated media?

e Are preferential pathways (e.g., utility corridors, sumps, fractures) present?

The CSM should be refined as additional phases of investigation and site characterization are

conducted to provide more accurate predictions of risk. Phased investigations, with an increasing

level of detail and information at each phase, may be an effective and efficient approach to
evaluating VI risks and refining the CSM to support project decisions. Approved by the DEQ
technical contact, phased investigations may include adding sample locations and analytes,
dropping sample locations or analytes, and/or sampling the same locations at different times.
Additionally, phased investigations may be planned with the “worst first” concept, focusing
resources and investigations on areas and structures that have the highest potential for VI.

Ultimately, the CSM should identify the major and minor exposure pathways and processes through

which a receptor can be exposed to contaminants at a particular site.

2.3 Bounding the Vapor Intrusion Area

Due to the lateral diffusion and advection of vapors in the subsurface, vapors can move vertically
and laterally away from the contaminant source and can move independently of the groundwater
flow direction. Soil vapors can migrate at varied rates in different soil lithologies and will follow
preferential pathways, if present. It is possible for structures located outside of the areal extent of a
groundwater plume to be subject to VI due to the lateral diffusion and advection of vapors through

certain lithologies (EPA, 2015a)) and preferential pathways. Vapors of different chemical
composition behave differently. Petroleum hydrocarbons, for instance, can biodegrade as they

migrate through aerobic soil, while chlorinated solvents are generally unaffected under the same
conditions (ITRC, 2007). Please refer to Section 2.4 of this document regarding evaluation of data
for PVI decision making and discussion of the site-specific details with the DEQ technical contact.
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While many factors affect vapor migration, the VI pathway should initially be considered a
potential threat for all current or potential future structures located within finite distances from
contaminated soil, soil vapor, or groundwater. Due to the different properties of chlorinated
solvents versus petroleum chemicals, initial recommended evaluation distances are different at
petroleum-only (PV1) sites versus sites that have other kinds of volatile contaminants. Refer to
Section 2.4 of this document for information regarding the evaluation of PVI initial pathway
evaluation and bounding the V1 area. Structures with a footprint within the following distances
from measured contamination should be initially evaluated:

e 100 feet laterally of chlorinated solvent contamination and sites with mixed contaminants
(EPA, 2015a) (there is no presumed minimal vertical separation distance for chlorinated
solvent vapors because these are not expected to biodegrade in the subsurface),

e 30 feet laterally and 8 feet vertically for dissolved phase at industrial petroleum facilities
such as refineries, terminals, etc.

e 30 feet laterally and 18 feet vertically for LNAPL at industrial petroleum facilities such as
refineries, terminals, etc. (ITRC, 2014)

e For smaller PVI sites (underground storage tank sites, tanker truck spills, etc.) please refer to
Section 2.4 of this document

The distance between the contaminant source and the edge of the VI investigation area may be
referred to as the “preliminary VI investigation area.” These distances may be overly protective for
shallow or relatively small sources of VOCs; or they may be less protective for sites with
preferential pathways. The actual investigation boundary will be site-specific, so please discuss
with the DEQ technical contact before reducing or expanding the preliminary VI investigation area.
Scenarios for which the 100-foot bounding distance may be too small (EPA, 2015a), include:

e Landfills (methane)
e Leaks from pressurized sources/lines

All structures falling within the VI investigation area do not necessarily need to be individually
sampled. However, all current and future (contemplated to be developed) structures or properties
within the investigation area should be assessed using a CSM. The potential for VI should be
considered until the VI pathway is eliminated by evaluating multiple lines of evidence as discussed
in Section 7 or by directly sampling the structure. As an investigation progresses, the results of soil
vapor sampling and other types of sampling will be used to establish site-specific boundaries for
areas with VI concerns. As mentioned earlier, VI investigations may need to proceed with the
“worst first” approach (EPA, 2015a).

Buried utility lines or other preferential pathways that run through or near a contaminant source area
are a special case and should always be evaluated for VI when they fall within the preliminary VI
investigation area for either petroleum or chlorinated solvent sources (NJDEP, 2005). The presence
of preferential pathways such as utility conduits with granular backfill, which intersect a
contaminant source and connect to a building, may result in increased potential for VI (Golder,
2006).



2.4 Petroleum Vapor Intrusion Screening

PV differs from vapor intrusion associated with chlorinated compounds due to the ability of many
petroleum hydrocarbons to naturally biodegrade in the vadose zone through the actions of
microorganisms found naturally in soil. At sites with sufficient oxygen supply from the
atmosphere, biodegradation of petroleum hydrocarbons can occur relatively quickly and will
generally produce less harmful compounds (i.e., biodegradation products), resulting in substantial
attenuation of petroleum hydrocarbon vapors over relatively short distances in the vadose zone.
Additionally, numerous site-specific factors can influence the biodegradation rate of petroleum
hydrocarbons. Although PVI may be possible under certain environmental conditions, McHugh et
al. (2010) noted that “the most common cause of petroleum vapor intrusion is dissolved PHCs
[petroleum hydrocarbons] or LNAPL [light nonaqueous phase liquid] in direct contact with building
structures such as sumps, basements, or elevator pits.”

The approaches in this section are recommended for evaluating the VI pathway for petroleum
hydrocarbons that arise from petroleum that has been released from RCRA Subtitle I UST systems
in accordance with EPA’s Technical Guide For Addressing Petroleum Vapor Intrusion At Leaking
Underground Storage Tank Sites (EPA 2015b) and ITRC’s (Interstate Technology Regulatory
Council’s) Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation and Management.
(ITRC 2014). The approach in this section may also be appropriate for other finite petroleum-only
releases including tanker truck rollovers and pipeline releases.

The approaches in this section are NOT recommended for evaluating the vapor intrusion
pathway for sites with petroleum hydrocarbons that are mixed with other types of volatile
hazardous chemicals. Refer to Section 2.2 & 2.3 for guidance on evaluating the VI pathway at
these sites.

Screening for Petroleum Vapor Intrusion is a 3-Step Process (See PV1 Decision-Making Flowchart
for Leaking Underground Storage Tank Sites in Appendix B).

Step 1: Completion of a CSM (Section 2.2) and Identification of Precluding Factors.

Completion of a CSM was discussed in Section 2.2. For more information on developing a CSM
specific to PVI please refer to ITRC’s Petroleum Vapor Intrusion Guide (ITRC, 2014) and EPA’s
Technical Guide for Addressing Petroleum Vapor Intrusion at Leaking Underground Storage Tank
Sites (EPA 2015b) and DEQ’s Risk-Based Corrective Action Guidance for Petroleum Releases
(DEQ 2018b).

The PVI Screening Process should NOT be used if the answer to any of the following questions is
YES:

Are lead scavengers 1,2 DCA or EDB present?

Did the fuel contain greater than 10 % ethanol or other alcohol?

Is the basement floor made of dirt or does it have a cracked foundation?

Is there a sump present?

Do utility corridors intersect contaminated soil or groundwater?

Is any part of the building in direct contact with petroleum contamination?
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e Do any other preferential pathways exist?

e Is the plume expanding or advancing or is there a continued source of release?

e Are there soils with high organic matter (i.e peat soils) or excessively dry soils (less than 2%
by volume or 1.2% by weight moisture))?

e Are there large buildings present (greater than 66 feet on shortest side)?

Please refer to Section 3.5.1 to determine how to proceed with PVI sampling when any
precluding factors have been identified.

Step 2: Identify the Lateral Inclusion Zone

After completion of a CSM and in the absence of any precluding factors, a lateral screening distance
can be applied as the next step in the PVI screening process due to the biodegradation of petroleum
hydrocarbons in the subsurface. The lateral screening distance should only be used on releases
where the lateral extent and magnitude of petroleum contamination is defined. Any buildings
within 30 feet of petroleum contamination (soil and/or groundwater contamination above risk-based
screening levels) should be considered at risk for a potentially completed VI pathway.

Figure 2.4.1

Lateral separation distance for dissolved-phase source of
petroleum hydrocarbons (PHCs)

Clean Monitoring
Point \c > 30 ft_
e —————— -

Vapors Vadose Zone

LNAPL (Residual or Free Phase I
Dissolved Phase

U
Saturated Zone
|  Groundwater Flow >

EPA Technical Guide for PVI at LUST Sites, June 2015, page 45, Figure 5; modified by MT DEQ PTCS, January 2021

Step 3: Determine the Appropriate Vertical Screening Distance

Once buildings have been identified within 30 feet laterally of petroleum contamination, a vertical
screening distance can be applied to further identify buildings at risk of a completed VI pathway.
The vertical screening distance is the thickness of clean (not petroleum-contaminated) biologically
active soil (not consolidated bedrock) between petroleum contaminated soil and groundwater and a
building foundation. The vertical screening distance is measured between the highest point of
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petroleum contamination in soil and groundwater and the lowest point on the building foundation.

e The vertical screening distance for large petroleum sites (i.e. refineries, terminals, etc.) is 18
feet for LNAPL. (refer to section 2.3)

e The vertical screening distance for LNAPL at leaking underground storage tank sites (i.e gas
stations or comparable sites) is 15 feet (Figure 2.4.2).

e The vertical screening distance for dissolved phase petroleum contamination is 8 feet (Only
applicable when LNAPL is not within 15 feet of structure) (Figure 2.4.3).

Differences in the vertical screening distances according to site type may relate to the volume of the
LNAPL release or extent of the LNAPL plume. Large releases of petroleum can result in a large
oxygen demand, which reduces biodegradation of the PHCs. Petroleum industrial sites tend to have
large infrastructure and may have multiple releases from different locations, which can also exert a
high oxygen demand. (ITRC, 2014) Note that there is more uncertainty associated with the industrial
sites because a relatively small data set of industrial sites was used in the empirical study (USEPA
2013a).

Figure 2.4.2

Vertical separation distance for LNAPL (residual or free phase)
source of petroleum hydrocarbons (PHCs)

Vadose Zone

Water
Table 5

LNAPL (Residual or Free Phase
Dissolved Phase Saturated Zone

[ Groundwater Flow >

extracted from EPA Technical Guide for PVI at LUST Sites, June 2015, page 49, Figure 6b; modified by MT DEQ PTCS, January 2021
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Figure 2.4.3

Vertical separation distance for dissolved-phase source of
petroleum hydrocarbons (PHCs)

LNAPL >15 ft. laterally

-

-
-
-
-

Vadose Zone

LNAPL (Residual or Free Phase

Dissolved Phase

Saturated Zone

[  Groundwater Flow >

extracted from EPA Technical Guide for PVI at LUST Sites, June 2015, page 49, Figure 6a; modified by MT DEQ PTCS, February 2021

Table 2.4.1 (below) should be referenced to identify when LNAPL is present in soil and/or
groundwater in order to apply the appropriate vertical screening distance for a structure.

Table 2.4.1

Required Vertical Separation Distance Between Petroleum Contamination and a
Building Basement Floor, Foundation, or Crawlspace Surface

Petroleum Petroleum | Separation
Phase | Total Petroleum Hydrocarbons Phase Distance
Media Benzene | Indicated (TPH) Indicated (feet)
< .
<10 | dssobes | S (rieseretgtne o | cne | o
Soil (mg/Kg) = - ’
>100 (unweathered gasoline), or
>
10 LNAPL >250 (weathered gasoline, diesel) LNAPL 15
<5,000 | dissolved =30,000 dissolved 8
Groundwater
ug/L
L) | S5.000 | LNaPL >30,000 LNAPL 15
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When the PVI pathway cannot be eliminated using lateral and vertical screening distances
additional assessment and investigation will be necessary to evaluate PVI risk. This may include
soil vapor sampling, sub-slab sampling, indoor air and ambient air sampling or a combination of
sampling options. When a preferential pathway is identified, mitigation along with appropriate
indoor air sampling and performance testing will help demonstrate the effectiveness of the
mitigation system and protection of the building’s occupants. In situations where performance
testing indicates the mitigation system is working as designed but indoor air concentrations are still
unacceptable, indoor air sources or other pathways should be investigated. Additional information
on PVI sampling can be found in Section 3.5. Please discuss options based on site-specific factors
with the DEQ technical contact. In some situations, particularly when odors are reported or when
preferential pathways exist, the site may go directly into vapor mitigation prior to investigation to
be protective of human health. A remedial investigation will be conducted to determine if
contaminated soil and/or groundwater is causing PVI.

2.5 Evaluate Existing Data

Existing information should be evaluated to determine what additional data should be collected.
Existing data can help identify 1) if the potential for VI exists; 2) where V1 is likely to occur; and 3)
the most likely receptors. If existing data are sufficient and show that V1 is not occurring in
accordance with Section 7 of this guide, further investigation may not be necessary. Please verify
this with the DEQ technical contact. If a review of the existing data identifies data gaps, the VI
investigation should be designed to fill those data gaps.

In some cases, a remedial investigation may have already occurred at the site, and soil and
groundwater data are available. Understanding the areas of soil and groundwater contamination is a
critical first step in developing a VI CSM. If contaminants of potential concern (COPCs) are only
detected in the soil, the area of potential VI may be limited to an area adjacent to the soil
contamination, depending upon lithology and preferential pathways. If COPCs are or were
historically detected in groundwater, the area for potential VI may extend beyond the contaminant
source area. Soil vapor data may be used to further refine the CSM by evaluating whether the
VOC:s are volatilizing into the soil vapor from the contaminant source. However, existing soil
vapor data may not have been collected in accordance with this guidance, and its quality and
validity should be assessed on a site-by-site basis (see Section 3.2 for a discussion on data quality
objectives (DQOs)). Please refer to Section 7 of this document regarding evaluation of data for VI
decision making and discuss with the DEQ technical contact.

2.6 Generic Screening Levels

When existing indoor air and sub-slab sample data meet data quality objectives (DQOSs), these data
can be compared to screening levels for an initial evaluation to determine whether the VI exposure
pathway is complete and whether there is a potential for risk associated with the inhalation of
vapors from contaminated subsurface media (ITRC, 2007). For preliminary screening purposes,
evaluate the building occupancy scenarios. Occupancy scenarios include evaluating building use
(e.g., residential, commercial, industrial, schools and day care) as well as potentially exposed
populations (e.g., children or adults) (ITRC, 2007). EPA generic screening levels (found in EPA’s
Regional Screening Levels tables) are developed for both the residential receptors and
commercial/industrial building uses and are meant to provide a conservative evaluation of the risks
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to these receptors. If sites have additional receptors or building uses, then a more site-specific
evaluation will be needed while working with the DEQ technical contact.

If VI sample concentrations are less than applicable generic screening levels, additional
investigations may not be needed. To make this determination, the data should also indicate that the
contaminant source is not increasing or migrating and should represent anticipated seasonal
variations, including worst-case conditions. All sampling data should be evaluated in terms of the
CSM and the multiple lines of evidence approach described in Section 2.7 as outlined in DEQ’s VI
Decision-making Flowchart and Indoor Air Screening Flowchart (both in Appendix B). An
exceedance of applicable screening levels does not necessarily mean that mitigation is necessary.
However, it does mean that additional investigation or evaluation may be needed. Section 6
provides a detailed discussion of the generic screening process and the appropriate generic
screening levels for both PVI sites and sites containing a mixture of contaminants.

2.7 Multiple Lines of Evidence

Evaluating multiple lines of evidence is an accepted approach for evaluating whether VI is
occurring. This approach involves evaluating several independent factors that may impact V1.
These factors include analytical data from indoor air, ambient outdoor air, soil vapor, and sub-slab
vapor. Additional factors that may be considered include building construction, potential indoor
sources, weather conditions, contaminant concentration ratios, proximity to contaminant sources,
data from nearby locations, and time needed to remediate contaminant sources. Soil and
groundwater data are also considered. For more information on multiple lines of evidence, please
refer to Section 7.1. In most cases, empirical (directly observed or measured and not computer
modeled or predicted) evidence is used for regulatory VI decision making purposes. It is very
important to coordinate any VI investigation with the DEQ technical contact, to ensure the
appropriate information is collected.

Computer or predictive models are generally less precise than empirical evidence for VI decision
making and may have limited use in evaluating V1. Please discuss with the DEQ technical contact
if modeling efforts are appropriate. (See Section 7.1.14 for further discussion on uses of modeling.)

2.8 VI Sampling Considerations

VI investigation may include sampling a combination of ambient air, indoor air, sub-slab air, and
soil vapor. The sampling density and design will depend on contaminant source media (NAPL,
soil, groundwater, soil vapor, contaminant type), contaminant source size, lithology, preferential
pathways, and receptor types. For example, if there is a large mass of soil contamination, variable
soil lithology, variable building construction, and/or NAPL near structures, an increased sample
density may be appropriate within the area of investigation, including collecting sub-slab/indoor air
samples from existing structures. If the extent of contamination is not known, if the extent of
contamination extends off the originating contaminant source property, or if the extent of
contamination covers a large area, it may be appropriate to conduct a soil vapor investigation to
delineate the vapor plume before collecting sub-slab/indoor air samples. Conversely, if
groundwater contamination is the primary source of vapors, the vapor concentrations may be more
homogenous, and a decreased sample density may be appropriate within the defined area of
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investigation as described in Sections 2.3 and 2.4. An established area of investigation does not
automatically necessitate the evaluation of every structure that exists within it.

Potentially impacted areas that are currently developed or have structures are investigated
differently than undeveloped areas. If people reside or work in structures near the contaminant
source, then a soil vapor investigation may be appropriate to determine the presence of
contaminated soil gas vapors in the area between the contaminant source and the structures. If the
contaminant source is within the defined separation distance of structures (see Sections 2.3 and 2.4),
or if a soil vapor survey indicates soil vapor contamination is in the area where structures exist, then
sub-slab/indoor air samples should be collected to evaluate whether V1 is occurring. If the site is
undeveloped or no structures exist, it is not possible to collect sub-slab/indoor samples. In these
instances, soil vapor samples, including near-source vapor samples, may provide the best data to
determine if V1 is a concern for future structures. Near-source samples provide “worst case” vapor
concentrations to compare to screening levels and attenuation factors, which may allow some
potential sources to be screened out of further VI evaluation. This type of investigation should be
conducted with input from the DEQ technical contact. For petroleum specific sites see Section
3.5.1.2.

Sub-slab/indoor air samples are a direct way of determining if vapors from the contaminant source
are present beneath a structure and if those vapors are detected inside the structure. To provide
useful information about VI, sub-slab and indoor air samples should be collected concurrently in
each structure (Section 3.4.3 discusses the timing of these kinds of samples). When all the samples
are collected concurrently, the data can be used to conduct comparisons among the sample sets at a
single point in time and eliminate temporal interference.

Sub-slab/indoor air measurements should be collected during “worst case” conditions. The worst-
case conditions in Montana will generally occur during the winter months when the ground is
frozen for most sites. Not only are vapors limited in their ability to travel through frozen soil and
out into the atmosphere during this time of year, but structures are heated, creating a stack or
chimney effect that can draw vapors into the structures. In addition, because of the extreme winter
weather conditions that may occur in Montana, structures are typically well insulated and kept
closed during the winter, thereby allowing vapors to accumulate indoors. Indoor air and sub-slab
samples should be collected during the winter for appropriate VI decision-making in Montana.
However, at some sites, contaminated groundwater elevations may vary significantly, and
groundwater may become very shallow during the spring or early summer, which may affect V1.
Indoor air and sub-slab sampling may be necessary during these time periods at some sites to
determine if high groundwater elevations create an alternative worst-case condition. Additional
discussion on worst case sampling is provided in Section 7.1.4.

Prior to VI sampling, an occupant questionnaire or survey should be completed to identify any
potential indoor air sources. Please see Section 7.1.9 for additional information on occupant
questionnaires.

Once sample types and locations are determined, a sampling and analysis plan (SAP) should be
prepared in accordance with Section 3.
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3.0 Sampling and Analysis Plan Development

3.1 Introduction

If a potentially complete VI pathway for current and/or future structures is identified during CSM
development, then an investigation is needed to determine if VI is occurring. A VI investigation
sampling and analysis plan (SAP) should be prepared that includes background and CSM
information, an initial evaluation of existing data, and identifies what information is needed for
decision making. Montana law may require DEQ approval of a SAP. Please check with a DEQ
technical contact for site-specific requirements. Some sections of Montana law use the term
“Corrective Action Plan” (CAP) to describe work plans developed to investigate or cleanup a
contaminated site. A SAP is considered a specialized type of CAP under these laws and should
contain the details outlined by this section (Section 3). If a SAP or comparable document for other
investigations has already been prepared for the site, this document can be referenced in the VI
SAP, as appropriate (e.g., background, history, etc.). Please confirm with the DEQ technical
contact what should be included in a SAP, whether some information from an existing SAP can be
used in the VI SAP, and if DEQ approval is required.

For purposes of simplicity, the term SAP is used in this guidance to describe the information, data,
and sampling needs for VI investigation. However, this information could be in a remedial
investigation work plan or investigation plan or other planning document. Please consult with the
DEQ technical contact for the plan naming convention.

The introduction of the SAP should include:

e Site location and description;

e Site operational history (a brief summary with reference to an existing DEQ-approved
document for more information may be appropriate);

e Regulatory involvement and previous investigations (a brief summary with reference to an
existing DEQ-approved document for more information may be appropriate);

e Site geology and hydrogeology (a brief summary with reference to an existing DEQ-
approved document for more information may be appropriate); and

e Statement of specific problem.

In most instances, the above information can be found in previous investigation reports. Sections
3.2 through 3.9 outline other information to include in the SAP.

3.2 Project Objective
3.2.1 Project Data Quality Objectives

A well-defined, detailed CSM will facilitate the identification of additional data needs and
development of appropriate DQOs. The purpose of the VI investigation should be established
before sampling and analysis is conducted. The DQOs define the investigation goals; identify
COPCs and appropriate screening levels; identify sampling methods and analytical methods with
appropriate detection and LOQ); describe the pre-sampling building survey; establish appropriate
sampling conditions, types of samples (e.g., near slab, near source, sub-slab, indoor air, ambient
outdoor air), sample locations, numbers of samples, and duration of sampling; identify what
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meteorological data will be collected and how; describe quality control sample needs; and establish
data validation procedures and electronic data deliverable (EDD) formats.

3.2.2 Project Task and Problem Definition

The SAP should clearly state the specific problem(s) to be solved (e.g., is VI causing an
unacceptable risk?), and/or decision(s) to be made (e.qg., is additional investigation needed?), or
outcome(s) to be achieved (e.g., do structures/vapors need to be mitigated?). Sufficient background
information needs to be provided in the SAP to explain what has already occurred at the site (e.g.,
releases, investigations, remedial actions, etc.). The SAP should also identify any regulatory
requirements for the work (permits, etc.). In addition to reviewing this document, the DEQ
technical contact should verify the regulatory requirements.

The SAP provides a summary of and framework for all work to be performed, including reporting
documents, and the schedule for implementation. The SAP includes maps that show areas of
contaminant sources and proposed sample locations for the investigation. This discussion need not
be lengthy or overly detailed but should give an overall picture of how the problems described
above will be resolved. It should also discuss any flexibility built into the plan should problems
arise due to access, utilities, etc.

3.2.3 Data Review and Validation

The SAP contains a quality assurance (QA) section or plan for the project, which states the criteria
used to review and validate (i.e. accept, reject, or qualify) data, in an objective and consistent
manner. The QA section or plan identifies the level of validation that will be performed and
describes how that level of validation will be completed (e.g., validation report). It also discusses
how data issues will be resolved. Please verify the data validation needs with the DEQ technical
contact.

When validating and reviewing vapor intrusion data, it is important to note that ambient/outside air
samples are not the same as “blanks.” Ambient air sample results are evaluated and validated in the
same manner as other air samples (indoor, sub-slab, etc). Results from ambient samples should not
be used to qualify other investigation samples during data validation. Rather, the ambient air
samples are used in the multiple lines of evidence data evaluation.

3.2.4 Data Management

The SAP should describe the use of the electronic data deliverable (EDD) described in Section 5.3
and supplemental field VI sampling form included as Appendix D. Please confirm how the data
should be managed with the DEQ technical contact.

DEQ is beginning to use a new database, Montana EQuIS, that has a data management component.
In preparation for using this system, both field and laboratory data collected during site work should
be formatted in DEQ’s EDD formats, in addition to any format that may be used by the party
collecting the data. The DEQ EDD formats, reference values, and user guidance, including step-by-
step instructions, are available on DEQ’s website:
https://deg.mt.gov/files/Land/WMRD/DatalnformationResources/EQUIS/Documents/e-

TREADS EDD_Manual _08082017.docx. See Appendix C for more information. Most of the
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major laboratories in Montana are aware of DEQ’s EDDs. Please ensure that work plans and
reports indicate that the DEQ EDDs will be used and uploaded into DEQ’s system.

3.3 Sampling Rationale

The rationale for collection of the various types of samples is identified in the SAP and is described
below.

3.3.1 Nature and Extent

If contaminated groundwater and/or contaminated soil exists, but vapor presence and extent is
unknown, a soil vapor investigation may be appropriate. This investigation should be designed to
determine if, and to what extent (e.g., vertical and horizontal), vapors are present in the subsurface
at concentrations exceeding screening levels (refer to Section 6).

This investigation can be conducted using the “worst first” approach by initially identifying “hot
spots,” collecting “near source” samples (EPA, 2015a), and then progressively moving out or in
using a phased “step-out” or “step-in” approach. This method may be appropriate for larger sites or
for areas with no structures overlying the contamination. Please confirm with the DEQ technical
contact if a “step-out” or “step-in” approach is appropriate. Please see Section 3.4.1 for additional
information regarding soil vapor sampling.

3.3.2 Exposure Pathway Evaluation

If soil vapors are present at concentrations exceeding screening levels (see Section 6) and receptors
are present or may be present (future use), an investigation should be conducted to determine if the
VI pathway is complete. This investigation generally involves collecting sub-slab , crawlspace air,,
ambient outdoor air, and/or indoor air samples. In some situations, additional soil vapor samples
may be appropriate to better define the extent of soil vapors and identify potential receptors. Please
confirm with the DEQ technical contact. The data collected during this investigation may
eventually be used to calculate site-specific clean up levels. Therefore, it is important that the data
quality objectives be clearly defined.

3.3.3 Exposure Point Concentrations

In addition to determining whether the VI exposure pathway is complete, indoor air samples may be
collected to determine the concentrations of contaminants human receptors may be inhaling.
Therefore, it is important to collect indoor air samples over an appropriate period of time (please see
Section 3.4.4.).

3.4 Sample Types
3.4.1 Soil Vapor Probe Samples

Soil vapor probe samples can be used to define the nature and extent of soil vapor contamination.
Soil vapor probes should be placed directly above the contaminant source (e.g. groundwater, soil,
etc.). These samples are generally grab samples but can be collected over a longer period of time
depending on the objectives of the sampling event. Fluctuations in barometric pressure may cause
atmospheric air to migrate several meters into the subsurface affecting soil vapor results (Massmann
and Farrier, 1992). Some states have taken the position that soil vapor samples collected less than 5
feet below ground surface may be affected by changes in barometric pressure, temperature, or
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breakthrough of ambient outdoor air from the surface (DTSC, 2015; IDEM, 2006; NJDEP, 2005;
NYSDOH, 2006; ODEQ, 2010). Therefore, DEQ recommends that soil vapor probes be deeper
than 5 feet unless otherwise approved by the DEQ technical contact. Please see Section 3.4.3 if
groundwater is less than 5 feet below ground surface (bgs).

At undeveloped sites (where no structures are present), soil vapor probes may be the only means to
evaluate potential VI issues. The collection of “near source” soil vapor samples may be appropriate
to determine worst-case contaminant concentrations (EPA, 2015a). Ultimately, the placement of
soil vapor probes will be determined on a site-specific basis, depending on the extent and magnitude
of soil and groundwater contamination, soil lithology, contaminant dispersion, depth to
groundwater, contaminant type, and current/future land development plans, if known.

At sites where existing soil or groundwater contamination data are insufficient, it may be necessary
to collect soil vapor samples on a grid pattern. Due to the heterogeneity of the soils across the state,
the spacing of the grid pattern will also need to be developed on a site-specific basis. For example,
the grid pattern may need to be more tightly spaced in finer grained soils and less closely spaced in
coarser soils. Coordinate the spacing of any potential sampling grid with the DEQ technical
contact. Please see Section 4.1 for probe installation, sample protocols, and a diagram.

3.4.2 Near-Slab Vapor Probe Samples

Sub-slab vapor probe samples may not be feasible if a basement is finished or if the basement slab
has been installed with radiant heat or a vapor barrier. If this is the case, near slab vapor probes
may be appropriate. If used, near slab vapor probes should be placed as close to the structure
foundation as possible. DEQ recommends no more than 10 lateral feet from the structure. Near
slab vapor probes should extend vertically below the footings or basement floor of the structure.
Near slab vapor probes should be collected from at least two sides of a single-family home (NJDEP,
2005). Structures with larger footprints, such as multi-family units, commercial/industrial or retail
structures may need more near-slab samples. Locations will be based on site-specific conditions,
including the location of the groundwater plume, the location of potential preferential pathways, and
the location of other known contaminant source areas.

As explained in the previous section, DEQ recommends that soil vapor probes be at least 5 feet
deep unless otherwise approved by the DEQ technical contact. Please see Section 3.4.3 if
groundwater is less than 5 feet bgs. These samples are generally grab samples but can be collected
over a longer period of time depending on the objectives of the sampling event.

Soil vapor concentrations can vary significantly between near slab vapor samples and sub-slab
vapor samples (Abreu and Johnson, 2006; Luo et al, 2009). Because of this variability and because
of the potential barometric pressure effect on shallow soil vapor samples, soil vapor samples should
not be collected less than 5 feet bgs if extrapolating to represent soil vapor concentrations beneath a
slab. If the nearby structure has a basement, the depth of the basement slab should be measured so
that the sampling interval reaches below the depth of the slab. It may also be necessary to advance
borings to a depth that is directly above the contaminant source. If groundwater contamination is
the vapor source, the probe may need to be placed within two feet of the soil/groundwater interface.
Please consult your DEQ technical contact to discuss site-specific conditions. If possible, it may be
appropriate to angle near slab vapor probes using directional drilling, so the sample is collected
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beneath the structure (EPA, 1992). Please see Section 4.1 for probe installation and sample
protocols.

3.4.3 Sub-slab Vapor Probe Samples

Sub-slab vapor probe samples are preferred over near slab probe samples because of the proximity
of the sample location to the receptor, the ability to measure vapors directly beneath the slab, and
the elimination of background interferences (ITRC, 2007). Sub-slab samples are collected by
drilling a hole through a slab and collecting a soil vapor sample from the fill material immediately
below the slab. Depending on fill material and site conditions the sample can be taken from
immediately below the concrete slab to as deep as 12 inches below the slab.

The number of sub-slab soil vapor samples collected depends upon the size of the structure, in
addition to the structure’s construction and possibly other factors. There can be variability between
sub-slab locations even beneath small structures. DEQ recommends a minimum of three sub-slab
samples per structure where possible. However, at least one sub-slab soil vapor probe should be
installed as close to the center of the structure foundation as possible in a standard size home and in
a location where the potential for ambient outdoor air infiltration via floor penetrations is minimal.
DEQ recommends that, for most structures, one sub-slab soil vapor probe sample be collected for
every 1,000 square feet in foundations greater than 5,000 square feet (DTSC, 2011a). Some
buildings may be sitting on more than one foundation or slab (for example, if a building was
expanded, or if it was built on different levels), and an effort should be made to collect sub-slab
samples from the different parts of the building. If multiple sub-slab samples are being collected in
a structure, they should be spaced appropriately throughout the structure as the structure footprint
and construction allow (e.g., floor coverings, furnishings, utilities, etc.).

Frequencies for sub-slab sampling events are determined on a site-by-site basis, recognizing that for
decision-making, DEQ typically needs a minimum of two sampling events during expected “worst-
case” conditions (see DEQ’s VI evaluation flowcharts in Appendix B). Typically, winter conditions
will lead to worst-case vapor intrusion scenarios, when heating systems can create a chimney effect
within the structure. However, at some sites, especially those with shallow groundwater, another
type of “worst case” condition for VI may occur during the season when the groundwater table is
the shallowest (known as high groundwater), and it may be appropriate to sample during high
groundwater in addition to winter. High groundwater usually coincides with the rainy seasons but
could also be influenced by irrigation systems. Resampling may be needed within the same season
to confirm results. The DEQ technical contact should be consulted to determine when VI sampling
should be conducted at a particular site.

As mentioned earlier, sub-slab samples should be collected concurrently with other VI samples.
However, in order to minimize the potential for cross-contamination, sub-slab samples should
generally be collected immediately after the indoor air sampling is complete. During the sub-slab
probe hole installation, it is likely that some sub-slab vapors may escape to indoor air. If sub-slab
vapors contain elevated levels of contaminants, fugitive sub-slab vapors could create false-positive
results in indoor air samples.

DEQ prefers the collection of sub-slab soil vapor samples when any slab is present. If the structure
is constructed with different methods and materials (basement, crawl space, dirt, cobblestone, etc.)
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in discrete portions of a building, sampling strategies should be designed to evaluate VI in each
portion of the building. For instance, when a structure has both a concrete slab and an earthen floor,
it may also be appropriate to collect a soil vapor sample from 5 feet below the earthen basement
floor to evaluate the VI pathway. If the structure has both a concrete slab and a crawlspace it may
be necessary to collect both a soil vapor sample and an air sample from the basement and the
crawlspace for pathway analysis. See Section 3.4.5 for additional information on crawlspace
samples. If the basement floor is earthen and no slab is present, collect a soil vapor probe sample
from a depth of 5 feet below the basement floor. If encountering groundwater is a concern or a
sample depth of 5 feet cannot be obtained because of the lithology beneath the structure or it is not
possible to access the subsurface beneath the structure, it may be acceptable to install a shallower
soil vapor probe beneath the basement floor, or collect an indoor/crawlspace air sample only.
Please confirm what samples are appropriate for the site with the DEQ technical contact.

Sub-slab sampling may not be feasible if high groundwater exists near the base of the sub-floor. In
these cases, the high moisture content in the soil can mask results and the reduced permeability may
inhibit movement of soil vapor. Buildings in areas of high groundwater are often constructed with
sumps in the basement floor for dewatering purposes. If a sump is present, it may be appropriate to
collect an indoor air sample near the sump instead of collecting a sub-slab sample because the sump
may act as a preferential pathway for soil vapor to migrate into the structure. Please confirm what
samples are appropriate for the site with the DEQ technical contact. Please see Section 4.2 for
probe installation and sample protocols.

3.4.4 Indoor Air Samples

Indoor air samples are the most direct measurement of human exposure to contaminants and
represent contaminants that are a result of VI as well as potential indoor or background contaminant
sources. Indoor air samples should be collected immediately before sub-slab samples (see Section
3.4.3) and concurrently with crawlspace and ambient samples. The combination of indoor air, sub-
slab vapor, ambient outdoor air sample results, and information obtained from building owner
surveys (see Section 7.1.9) are a critical part of the “multiple lines of evidence” approach in
identifying likely indoor air sources and verifying whether a VI contaminant source exists below the
structures (NJDEP, 2005).

To characterize contaminant concentration trends and potential exposures, indoor air samples
should be collected from at least the lowest two levels of the structure (e.g., basement and main
level). The sample duration should represent the building-specific exposure scenario being
evaluated (8-hour sample for a single work shift, 24-hour sample for a residence, etc.) (NYSDOH,
2006). Given that indoor air concentrations can be highly variable, longer-term time-integrated
samples likely provide a more accurate assessment of exposure than short-term samples. Even in
non-residential buildings, 24-hour samples may be appropriate because businesses and buildings
can be occupied outside of the typical workday (e.g. with custodial staff, or staff with alternate work
schedules). Additionally, 24-hour samples can be more convenient to coordinate than shorter
duration samples. Summa canisters can be controlled to collect air samples over periods time up to
24 hours. Other sampling methods that allow longer collection times may become available. Please
confirm the most appropriate exposure scenario with the DEQ technical contact.
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The intake for indoor air samples should be between 3 and 5 feet above the floor, preferably near
the center of the structure, to represent the breathing zone and the overall room conditions. This
sample interval represents the breathing zone where people spend most of their time inside a
structure (sitting or sleeping) (ITRC, 2007). However, it may be appropriate to place the sampling
intake at a lower level for a sensitive population (e.g., school or daycare) (MADEP, 2002). Other
indoor air sample locations may be appropriate depending on the objectives of the sampling event,
for example an investigation of utility lines may necessitate air samples in bathrooms. When
sampling in bathrooms, care must be taken to determine whether P-traps and other openings to the
sewer are functioning appropriately. Please see Section 4.3 for sampling protocols.

Prior to collecting indoor air samples, a chemical inventory and pre-sampling questionnaire are
completed during a building owner survey (see Section 7.1.9). The information obtained in the
building survey should be used to select indoor air sample locations in an environment that is
representative of normal structure use (DTSC, 2011A). In addition, a decision may be made to
remove some indoor air sources from a building prior to sampling.

Ambient conditions for a V1 study area represent outside air, and should not be measured from
indoor air samples of structures. Ambient air samples should be collected from carefully chosen
outdoor locations (see Section 3.4.6). Indoor air concentrations can vary greatly between structures,
even if each structure is used for similar purposes (DTSC, 2011A). Therefore, the use of a structure
as a “control” is unreliable. DEQ allows the use of Montana’s Typical Indoor Air Concentrations
(DEQ 2012) document when evaluating indoor air sample results (see sections 6.1.1, 6.1.2, and
6.1.3).

3.4.5 Crawlspace Samples

Crawlspace samples provide data for pathway analysis (See Flowchart B). Crawlspace air samples
are generally collected following the same protocols as an indoor air sample for a period of up to
24-hours (ITRC, 2007), and are collected concurrently with indoor air samples and other VI
samples. If a structure has both a concrete slab and a crawlspace, it may be necessary to collect
both a crawlspace air sample as well as a sub-slab sample.

The Summa canister should be placed on the ground in the middle of the crawlspace. If the
crawlspace is inaccessible, Teflon tubing inserted into the crawlspace and connected to the Summa
canister may also be an acceptable sampling strategy. DEQ has found that metal plywood trim (C-
channel shaped sheet metal used to protect the edge of plywood) works well as a conduit to insert
the sample tubing up to 8 feet toward the center of the structure.

3.4.6 Ambient Outdoor Air

Ambient outdoor air data can be used as a qualitative tool to provide information regarding outside
influences on indoor air quality (DTSC, 2011A). The ambient outdoor air sample should be
collected from a representative upwind location every day that indoor sampling is conducted
(MADEP, 2002; DTSC, 2011A). Samples should be located away from obvious sources of volatile
chemicals (e.g., automobiles, gas stations, lawn mowers, industrial facilities, or dry cleaners (ITRC,
2007). Downwind samples can also be collected. The intake of the ambient outdoor air samples
should be about 3-5 feet off the ground (at the approximate midpoint of the ground level of the
structure) (ITRC, 2007). In some circumstances, it may be appropriate to place the intake at a
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greater height (for example, to discourage vandalism). In general, DEQ recommends starting the
collection of ambient air samples first (immediately prior to the start of indoor air samples) to
evaluate the effect of outside air infiltration into structures. Please see Section 4.4 for sampling
protocols.

3.5 SAP DEVELOPMENT: Area of Vapor Intrusion Investigation
3.5.1 Petroleum Hydrocarbons — MBTEXN and VPH fractions

DEQ typically evaluates potential PV threats for all current or potential future structures within an
area equal to or less than 30 feet laterally from petroleum hydrocarbon contaminated soil, soil
vapor, or groundwater. In addition, a vertical screening distance is applied within that 30-foot
lateral range. (see Section 2.4). Please confirm with the DEQ technical contact what the appropriate
investigation area is for a specific site.

PVI investigation sampling may include a combination of indoor air, sub-slab, and soil vapor probe
sampling locations. The number and locations of samples will depend on the contaminant source
media (NAPL, soil, groundwater, soil vapor), contaminant source size, lithology, potential
preferential pathways, and receptor types. For example, if there is a large mass of soil
contamination, variable soil lithology, variable building construction, and/or NAPL near structures,
an increased sample density may be appropriate within the area of investigation. Conversely, if
groundwater contamination is the primary contaminant source of vapors, the vapor concentrations
may be more homogenous, and a decreased sample density may be appropriate within the defined
area of investigation. As discussed in Section 2.4, all structures falling within the V1 investigation
area do not necessarily need to be individually sampled. However, all current and future
(contemplated to be developed) structures or properties within the investigation area should be
assessed using a CSM. The potential for VI should be considered until the VI pathway is
eliminated by applying the 3-Step approach as discussed in Section 2.4 or through PVI sampling.
As an investigation progresses, the results of soil vapor sampling will be used to establish site-
specific boundaries for areas with VI concerns.

3.5.1.1 — Building is in Direct Contact with VVapor Source

When any part of a building’s foundation is in direct contact with petroleum contamination, or if
any of the following precluding factors are identified, indoor air sampling and ambient outdoor air
sampling should be conducted (see Sections 4.3 and 4.4:

The basement floor is made of dirt or has a cracked foundation.

There is a sump present.

Utility corridor(s) intersect contaminated soil or groundwater.

Any other preferential pathways connecting a vapor source to a building.
Odors/vapors are present.

3.5.1.2 Building Not in Direct Contact with Vapor Source
When the building is not in direct contact with petroleum contamination or if any of the following
precluding factors are identified, then a phased sampling approach should be conducted:

e Lead scavengers 1,2 DCA or EDB are present.

e The fuel contained greater than 10 % ethanol or other alcohol.

24



e The plume is expanding or advancing or is there a continued source of release.

e There are soils with high organic matter (i.e., peat soils) or excessively dry soils (less than
2% by volume or 1.2% by weight moisture)).

e There are large buildings present (greater than 66 feet on shortest side).

A phased sampling should be phased beginning with using nested soil vapor probes (see Section
4.1). When soil vapor data cannot rule out the PV exposure pathway, sub-slab sampling should be
conducted (see Section 4.2). When sub-slab sampling cannot rule out the PVI exposure pathway,
the need for crawlspace, sub-slab, and possibly indoor air-sampling should be assessed.

Vacant lots that are being redeveloped should sample soil vapor for petroleum hydrocarbons using
nested soil vapor probes to determine the vertical attenuation of hydrocarbons.

3.5.2 Chlorinated Solvents

VI at chlorinated solvent sites should be evaluated within an area 100 feet laterally from chlorinated
solvent contaminated soil, soil vapor, or groundwater (see Section 2.3).

As discussed in Section 2.3, all structures falling within the VI investigation area do not necessarily
need to be individually sampled, and phased sampling using the “worst first” approach may be
appropriate. However, all current and future (contemplated to be developed) structures or
properties within the investigation area should be assessed using a CSM. The potential for VI
should be considered until the VI pathway is eliminated by evaluating the multiple lines of evidence
as discussed in Section 7 or by directly sampling the structure. As an investigation progresses, the
results of soil vapor sampling will be used to establish site-specific boundaries for areas with VI
concerns.

Chlorinated solvents can biodegrade in soil and groundwater under anaerobic conditions via
microbial oxidation-reduction reactions (ITRC, 2007). Importantly, biodegradation of chlorinated
solvents can create additional compounds of interest. For example, anaerobic microbial degradation
of PCE can lead to the formation of TCE or vinyl chloride down-gradient of the PCE source area.
Daughter compounds, like vinyl chloride, may be considered more hazardous than the parent
compound because of increased carcinogenicity (ITRC, 2007). Therefore, biodegradation products
should be evaluated (i.e. sampled) in addition to the parent compound. Please confirm the
appropriate analyte list for the investigation with the DEQ technical contact. In general, DEQ
recommends analyzing for a full suite of VOCs until DEQ approves a site-specific limited analyte
list.

3.5.3 Other Chemicals

Petroleum hydrocarbons and chlorinated solvents are the most common VOCs that cause V1 issues.
If other VOC:s, certain SVOCs, emerging contaminants including fluorinated compounds, or
inorganic substances such as elemental mercury are present, potential V1 issues should be evaluated
on a site-by-site basis. This evaluation may be similar to the evaluation of V1 for petroleum or
chlorinated solvents discussed in this guide. Please contact the DEQ technical contact for specific
issues regarding other potentially volatile chemicals.
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3.6 SAP DEVELOPMENT: Field Methods and Procedures
The SAP should include a description of the following information:

e Site Access
e Sampling Methodology
e Analytical Methods
— The appropriate analytical method selected should be based on the potential
contaminants of concern (described in detail in Section 5.1). In addition, the method
detection or LOQs need to be lower than the applicable screening levels or site-
specific cleanup levels (See Section 6 for discussion). If LOQs are higher than the
applicable screening or site-specific cleanup levels, the results may not be useful,
and resampling may be needed. If it is not possible to achieve a given reporting
limit, the lowest achievable limit should be chosen.
Sampling/Field Equipment
Sample Location(s)
Underground Utility Clearance (if needed).
Sample Containers and Certification
— Please verify with the laboratory that the appropriate sample containers and
certification methods are used for the chosen analytical method and method
detection/LOQs (See Section 5.2).
e Decontamination Procedures
— Sub-slab or soil vapor probe installation equipment should be properly
decontaminated between sample locations. DEQ recommends using dedicated
sampling equipment (e.g., tubing) whenever possible for the collection of soil vapor
samples.
e Disposal of investigation derived waste
e Site Restoration (e.g. slab/floor repairs)

3.7 SAP DEVELOPEMENT: Quality Control

Because of the sensitivity of the data and the low LOQs and screening levels, quality control is
crucial for VI investigations. The SAP should address the following VI quality control issues.

3.7.1 Sample Container Integrity

The integrity of the sample canister should be checked prior to sample collection. The laboratory
prepares the canisters and establishes the necessary flow rate based on the barometric pressure and
temperature inside the laboratory. Once in the field, temperature, and atmospheric pressure changes
(including those due to elevation changes) will affect pressure in the canister and the rate of sample
collection (MADEP, 2002). The initial field vacuum measurement of the canister might not be the
same as was measured at the laboratory due to changes in elevation between the laboratory and the
site location. For example, the laboratory may be close to sea level while the elevation of a site in
Montana may be close to a mile above sea level. Please see Section 4.3 and 4.8.1 for additional
information. The work plan should specify what minimum initial canister vacuum is acceptable and
state that a canister with less vacuum will not be used. In addition, the target final vacuum
measurement should also be specified in the work plan. Some vacuum (typically -5 inches of
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mercury (inches Hg)) needs to remain in the canister to confirm that there is no leakage during the
transit back to the laboratory, and to ensure that the sample was collected over the specified
sampling period.

3.7.2 Soil Vapor Sampling Leak Detection Methods

To verify the integrity of the soil vapor probe seal and the connection between the canister and the
probe, a tracer test should be conducted prior to and/or during the collection of soil vapor samples
from temporary and permanent soil vapor probes, near slab probes, and sub-slab sample probes. A
properly conducted tracer test will verify if the probe surface seals are preventing ambient (indoor
or outdoor) air from being drawn into the soil vapor sample. In addition to tracer tests, other testing
may be appropriate, including “shut in” tests, which are pressure/vacuum tests of the sampling train.
The sampling plan should specify the leak detection method to be used and the criteria to be used to
determine if a soil vapor probe passes or fails the leak detection test and what will be done if a soil
vapor probe fails. Please refer to Section 4.7 for additional information on leak detection methods
and criteria.

3.7.3 Duplicate Samples

Field duplicate samples should be collected at a minimum of 10% (one duplicate per every 10
samples) of the soil vapor, ambient outdoor, or indoor air samples collected per sampling day per
laboratory (HTGM, 2009). See Section 4.7 for a description of how duplicate samples should be
collected. Please confirm the appropriate number of duplicate samples to be collected with the
DEQ technical contact.

3.8 SAP DEVELOPMENT: Documentation and Reporting

At a minimum, the SAP should include a discussion of each of the following:
Field notes (logbook, field forms, etc.)

Sample designation and naming conventions

Pre-sampling survey

Sample labeling

Sample receipts

Chain-of-custody

Photographs

Packaging and shipment

Reporting

Data validation

Electronic Data Deliverable (EDD) format

Records management (where will the original records be maintained?)

Please confirm specific reporting needs with the DEQ technical contact.

3.9 SAP DEVELOPMENT: Schedule

The SAP should specify the schedule for the following:
e Sample access arrangements
e Pre-sampling survey
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e Sample collection (per location if multiple locations)
e Sample results submittal to DEQ

e Resampling, if necessary

e Report submittal to DEQ

Please confirm the schedule with the DEQ technical contact.
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4.0 SAMPLING PROTOCOLS

This section will discuss the proper sampling protocols for different sampling methods. Prior to
implementation, a SAP should be submitted for DEQ review and approval. DEQ recognizes that
the science and methods of vapor intrusion sampling continue to advance. New or different
sampling protocols may be proposed and discussed with the DEQ technical contact.

4.1 Soil Vapor Sampling

Soil vapor probes may be installed by traditional drilling methods or direct-push drilling methods.
Traditional methods such as hollow stem auger, sonic, or air-rotary can alter the subsurface through
the introduction of air or heat, the smearing of the boring sidewalls, and the release of volatile
contaminants. The newly installed soil vapor probe should be allowed sufficient time to equilibrate
and should also be properly purged prior to the collection of any samples. Probe installation time
should be recorded in the field logbook (DTSC, 2015). To allow for subsurface conditions to
equilibrate, DEQ recommends the following minimum equilibration times prior to conducting purge
volume tests, leak tests, and soil gas sampling:

e 20 minutes following probe installation for probes installed with the direct push method
where the drive rod remains in the ground.

e 30 minutes following probe installation for probes installed with the direct push method
where the drive rod does not remain in the ground.

e 48 hours following probe installation for probes installed with hollow stem drilling
methods (depending on site lithologic or drilling conditions).

Probe equilibration times should be documented in the SAP, and questions about calibration times
should be discussed with the DEQ technical contact.

DEQ recommends that permanent soil vapor probes be installed so that samples may be collected
during different times of year and site conditions (such as high and low groundwater) that could
influence soil vapor concentrations. However, temporary soil probes may be appropriate in some
cases. Both soil vapor probe types are discussed below.

A temporary soil vapor probe is installed by advancing a steel rod into the ground. Since the
annular seal consists of only native soil against the exterior of the steel rod, the best seal is achieved
when the probe tip is smaller than the steel rod. The boring around the steel rod is temporarily
sealed near the surface with bentonite and allowed to set for a minimum of 20 minutes prior to
sample collection.

All temporary soil vapor probes or wells should be abandoned in accordance with Montana law (see
ARM 36.21.670). Temporary soil vapor wells should be abandoned by completely filling the
borehole with sealing material, such as bentonite, to within three feet of the ground surface in order
to prevent vertical movement of water or vapors within the annular space.

Permanent soil vapor probes are installed by inserting 1/8-inch to 1/4-inch outer diameter tubing
with a perforated tip to the desired depth. The borehole is filled with 10/20 silica sand around the
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perforated tip and then it is sealed with bentonite. Use of other material should be discussed with
the DEQ technical contact. In many situations, multiple samples may be necessary to document the
depth of worst-case vapor concentrations and establish whether vapors are attenuating with distance
from the contaminant source. In these situations, multiple depth samples will be needed (e.g., at
five feet bgs and at two feet above the vapor contaminant source, which might include the
soil/groundwater interface) and more than one boring may be necessary. If multiple probes are
inserted into the borehole, they will need to be sealed from each other with layers of bentonite. See
Figure 2 for details on soil vapor probe installation.

Figure 4.1.1. Figure of soil vapor probe, courtesy H & P Mobile Geochemistry.
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Once the vapor probe is installed, a minimum of three volumes of air should be purged through the
probe and associated tubing. The volume of air is defined by calculating both the interior volume of
the tube itself and if it is installed in a boring, the volume of sand in the annular space around the
probe tip between the layers of bentonite seal. Purging at a high rate could strip volatile compounds
out of the subsurface soils and create a short circuit in the sampling train (i.e., drawing ambient
outdoor air, instead of soil vapor). Therefore, it is recommended that purging be conducted at a
maximum rate of 200 milliliters/minute (mL/minute). If the permeability of the geologic material is
too low to allow sufficient flow, the probe should be purged to the maximum extent possible and
then the air within the sand pack should be allowed sufficient time to equilibrate with the
surrounding soil vapor. This time will vary based on geologic conditions. These factors can be
evaluated when conducting equilibration testing. Samples of purged air may be field-tested with a
PID and/or fixed gas meter to determine when these parameters have stabilized (EPA 2018).

Once the probe has been purged and field leak checks completed (see Section 4.7), a soil vapor
sample (typically a grab sample) may be collected by connecting the probe and tubing to a Summa
canister, a Tedlar bag, or a sorbent tube (see Section 4.8), as per the approved SAP. The sampling
port can be designed so that a sample container can be attached through simple quick-connect or
threaded connections.

Multiple samples from the soil vapor probes may be necessary on a site-specific basis. In situations
where near slab or exterior soil vapor sampling is being done to evaluate contaminant patterns or to
assess background contamination, the frequency of sampling should be determined on the data
needs of the site.

4.2 Sub-slab Samples

The collection of sub-slab samples is the preferred investigative method to determine the
concentrations of VOCs present in soil vapor beneath a structure because they provide the most
direct measurement of soil vapors beneath the structure. Sub-slab samples are typically grab
samples, but they can be collected over a longer interval depending on the DQOs. Sub-slab
sampling involves drilling through the structure’s concrete slab and collecting a soil vapor sample
directly underneath, preferably within the engineered fill, which is likely to be more porous than the
native soil. Please refer to Section 3.4.3 for information regarding the appropriate number of sub-
slab samples to collect in a structure. Sub-slab sampling is generally not appropriate in slabs with
radiant floor heat or with a vapor barrier underneath.

As a general rule, sub-slab sampling should be employed when the basement slab covers 50% or
more of the building footprint. If the structure has both earthen floor and a basement slab, it may be
necessary to collect a combination of sub-slab soil vapor samples from the concrete area and soil
vapor samples from the earthen area (NJEP, 2005). Appendix F provides step-by-step
instructions and photographs of a relatively straight-forward sub-slab sampling procedure for
one-time/temporary sub-slab samples.

Prior to installing sub-slab probes, all sub-slab utilities (e.g., electric, gas, water, sewer) and

structural tension rods should be located and clearly marked on the slab prior to drilling. These
structures may be located by evaluating the locations of above ground lines and utilities (e.g.,
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furnace, water heater, toilet, etc.) and consultation with the property owner or a utility-locate
contractor may be hired to perform the evaluation.

Sub-slab soil vapor probes are installed by drilling small-diameter holes through the concrete of the
foundation slab. Typically, holes are 0.5 to 1.25 inches in diameter. Either an electric hammer drill
or concrete corer is used to drill the holes. The sub-slab probes should be installed after removing
any floor covering. The covering should be replaced to the property owner’s satisfaction after the
sample is collected. If the covering cannot be adequately replaced, another more suitable location
should be chosen (e.g., a utility room, under an appliance, etc.). If a suitable location cannot be
found, it may not be possible to sample beneath the structure and a near slab sample may be
appropriate. The DEQ technical contact should be consulted to discuss this possibility. Once the
hole is drilled through the concrete, the probe should be installed immediately. If the probe cannot
be installed immediately, then the hole should be covered to prevent the mixing of sub-slab vapors
and indoor air.

Sub-slab sampling ports can be either temporary (one-time use) or they can be designed for longer-
term use (i.e. for multiple events over several years). EPA 2018 indicates that probes installed with
flexible tubing, a hydrated bentonite seal, and concrete upper seal (as described in Appendix F)
have a tendency to develop cracks as they dry out, and as a result should be used only for the day of
sampling before they are abandoned (i.e. filled with concrete). Sampling ports designed for longer
term use (for example, brass vapor pins set in silicone) may be sealed with a cap so that they can be
sampled again in the future. Sub-slab samples should be collected from 3 to 4 inches below the slab
in the sub-slab fill material.

Once the hole is drilled, a sub-slab sampling probe should be installed. The sub-slab sampling
probe should be constructed of 1/8 inch or 1/4 inch stainless steel or other inert tubing and stainless
steel compression fittings, with a permeable probe tip or an open tip. The annular space around the
probe tip should be filled with 10/20 silica sand up to the bottom of the concrete slab. Other probe
configurations may be acceptable and should be diagrammed in the site-specific SAP for approval
by DEQ.

Once the 10/20 silica sand is placed around the probe tip, bentonite should be used to fill the
borehole annular space between the probe tubing and boring wall from the top of the sand to within
approximately 1.5 inches of the surface of the concrete foundation. Sufficient water should be
added to hydrate the bentonite to insure proper sealing. Care should be used in placement of the
bentonite to prevent post-emplacement expansion, which might compromise both the probe and
cement seal. The probe tubing should be tightly sealed to the foundation slab with quick-setting
contaminant-free Portland cement or a non-VOC sealant putty.

Another option for probe installation is the use of a vapor pin, which is a brass or stainless steel
hollow pin set in a silicone sleeve, which is hammered snugly into the hole in the concrete.

For permanent or long-term probes, the concrete may be over-drilled so that the probe cover does
not protrude from the floor surface. The probe may also be constructed with a recessed threaded
cap and a brass or stainless-steel threaded fitting or compression fitting so the probe completion is
flush with the foundation slab.
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The concrete/hydrated bentonite should be allowed to set for a minimum of 30 minutes after probe
installation and prior to purging the probe, conducting the leak check, and collecting a vapor
sample. Immediately prior to sampling, it is necessary to purge three volumes of soil vapor,
calculated by the tubing volume and the volume of sand in the annular space around the probe tip
prior to sample collection. Sub-slab vapor probes will have less annular space, so purge volumes
will be much less than a soil vapor probe. The sub-slab port should be designed so that a sample
container can be hooked up through simple quick connect or thread connections.

In order to document that purging is complete, a PID or other field meter may be used to measure
parameters in aliquots of purged air to determine when readings stabilize (EPA 2018). Leak
detection procedures should be performed as described in Section 4.7.

Decontamination of reusable sampling and probe installation equipment should occur at a
predesignated location. Decontamination procedures are described in Section 4.9.

DEQ recommends that oxygen, carbon dioxide, methane, nitrogen, and possibly hydrogen
measurements also be collected during both soil vapor and sub-slab sampling events. These
measurements may be useful in determining if biodegradation, particularly of hydrocarbons, is
occurring in the subsurface vadose zone.

All temporary sub-slab soil vapor probes should be removed after sampling. All equipment that can
be removed from each sub-slab sample location should be removed. If tubing cannot be removed,
then the tubing may be cut flush with the surface and plugged to prevent surface water infiltration or
vertical migration of vapors. If the sub-slab sample point is installed through asphalt or concrete,
then asphalt or cement grout should be used to seal the sampling point. Photos should be taken of
the sealed sampling point to document completeness.

4.3 Indoor Air Samples

Indoor air concentrations are the only measurement that reflect culmination of all variables in terms
of human exposure to contaminants of concern in indoor air. To determine whether VOCs are
present, and if so, whether their concentrations pose a risk to receptors, indoor air samples should be
collected within structures over an appropriate period of time, as specified in an approved SAP.
Indoor air concentrations can variable, even over a few hours, so time-integrated sampling methods
(methods that allow air to be drawn into a sampling media or container at a defined rate over a
specified period of time) are preferred to grab sampling methods for determining long term risk.
Indoor air “grab” samples may be appropriate in scenarios involving short term risk.

A great deal of communication, coordination, attention to detail, and scientific interpretation is
needed for indoor air sampling. Because risk-based indoor air screening levels are typically very
low, it is probable that other sources, such as household cleaners, cigarette smoke, dry cleaning,
attached garages, and the use of any aerosols may influence the results of indoor air sampling.

DEQ recommends that an on-site visit be conducted prior to collecting any indoor air samples. The

occupant should complete a survey (example in Appendix A). The survey should identify any
potential source of vapors inside the structure, particularly sources that are site-specific
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contaminants of concern. However, DEQ recognizes that some indoor VOC sources may be
integral to the building’s structure (carpet, paint, glues, caulk, furniture, attached garages).

In the April 2011 version of DEQ’s Montana Vapor Intrusion Guide, DEQ recommended removing
indoor vapor sources from buildings prior to sampling. However, this may be impractical, not all
indoor sources can be removed (paint, caulk, building materials), and the effects of indoor sources
can linger (EPA 2015a). The length of time needed to clear residual vapors from indoor air sources
can vary between buildings. Because of these factors, DEQ has determined that the decision to
remove indoor air sources from buildings should be made on a case-by-case basis. If a decision is
made to remove indoor sources, the sampler should coordinate with the occupant to remove any
items that might interfere with the analytical results 24-72 hours prior to the collection of air
samples (EPA 2015a). If possible, windows should remain closed for a minimum of one day before
and for the duration of the indoor air sampling.

When collecting indoor air samples, sample containers or sample container intakes should be placed
in the breathing zone located approximately 3-5 feet above the floor. Summa canisters are typically
used because they are constructed out of an inert material that enables low LOQs and they have a
much longer holding time than alternatives such as Tedlar bags. This allows for adequate time to
transport the sample to the laboratory. A minimum of one sample should be collected from each of
the lowest two levels of the structure, if applicable. In addition, if an obvious route of entry is
established during the initial site visit (e.g., sump in basement) an extra sample may be placed in
that worst-case area. This worst-case sample does not necessarily need to be placed in the breathing
zone. Please refer to Section 3.4.4 for more information.

Communications are necessary with the laboratory to equip the Summa canister with an appropriate
flow controller for the specified sampling interval. Once the flow controller is properly connected
to the Summa canister, the initial vacuum measurement, time, and sample identification should be
clearly marked on the identification tag using a writing utensil that does not contain any VOCs that
may cross contaminate the sample. Final vacuum measurements and the time should be recorded at
the completion of the sample interval.

If there is a crawlspace, an air sample may be collected utilizing the same procedure as an indoor air
sample. The Summa canister should be placed on the ground in the middle of the crawlspace. If
the crawlspace is inaccessible, Teflon tubing inserted into the crawlspace and connected to the
Summa canister may also be an acceptable sampling strategy. DEQ has found that metal plywood
trim (C-channel shaped sheet metal used to protect the edge of plywood) works well as a conduit to
insert the sample tubing up to 8 feet toward the center of the structure.

All non-disposable equipment that is connected to the Summa canister, such as flow controllers,
should be decontaminated (see Section 4.9). The laboratory will supply cleaned flow controllers,
splitting T’s, and pressure gauges along with Summa canisters, and all this equipment is then sent
back to the laboratory.

4.4 Ambient Outdoor Air Samples

For every day indoor air sampling is conducted, an ambient outdoor air sample should also be
collected in the prevailing upwind direction. The ambient air samples should also be placed
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away/upwind from roads or other obvious sources of volatile contamination. The ambient outdoor
air sample should be collected in the same manner and over the same interval as the indoor samples.
There may be situations where more than one outdoor sample may be needed when the indoor air
samples are being collected over a larger area and it is evident that the ambient outdoor air sample
on one side of the site may not represent the ambient conditions on the other side.

If necessary, inert tubing may be connected to a canister to change the actual location of the air
being collected. It is important to prevent water from entering a Summa canister. In outside air
samples, DEQ has successfully used a loop of tubing connected to a canister to prevent precipitation
from entering the canister.

Because the appearance of Summa canisters could raise concerns, DEQ has found it helpful to place
a laminated notice on canisters left outside indicating “Air Sampling In Progress” and provide a
contact name and telephone number should members of the public have questions. In addition,
DEQ has also provided the local sheriff with a notice of when and where the canisters will be
placed, along with a photograph of a Summa canister.

4.5 Buried Utility Line Sample

Scenarios exist where the most direct pathway into a structure is through the utilities. Backfill in
utility trenches is generally more porous than the surrounding soil. This is especially true in
lithologies consisting of silts and clays. Contamination following the path of least resistance may
travel faster and further within the more porous backfill. Therefore, many utility trenches can act as
preferential pathways for migration of contaminated vapors.

If the utility intersects groundwater or intersects soil contamination, dissolved phase VOCs or
NAPL may impact the utility line by permeating through the pipe wall or by entering directly
through mechanical defects, such as cracks and holes in the pipe or joints, and contaminate the
utility or the water inside the utility. Contaminants may also enter as vapors within the air space
inside utility lines (such as in sewers) and have a direct route to the inside the building. Buried
utilities do not have to be in contact with contaminant sources to be susceptible to permeation of
vapors. Contamination does not have to be fresh to pose a threat. In some cases, vapors have even
permeated piping and gasket material (EPA 2002). Therefore, pipes and gaskets do not necessarily
need to be in contact with contaminated soil or groundwater to be at risk if vapors are present.

The construction and condition of buried utilities can significantly affect a utility’s ability to
transport contaminants, particularly with storm and sanitary sewer lines. The utility lines may be
constructed with clay, or there may be cracks or gaps that allow inflow of vapors and groundwater
at sites with shallow groundwater.

An initial utility survey may be necessary, including or followed by air sampling. Indoor air
samples from locations at the terminus of utility lines, tap water samples from potentially impacted
water lines, and/or soil gas samples from along the utility corridor/trench may be necessary.
Sampling of vapors from utility fill or of vapors inside utilities (for example, gases inside a sewer)
needs careful planning, access, and coordination to ensure the safety of the samplers and the
utilities.
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Situations involving potential fire, explosion, or serious acute health risks should be referred
to local fire or emergency response teams.

4.6 Flux Chambers

A flux chamber is usually a metal bowl that is sealed to the basement or slab-on-grade floor. A
vacuum is applied to the chamber, followed by an incubation time where vapor flux is allowed to
enter the chamber. The flux chamber then has a port from which the air sample can be collected.

Air sampling utilizing flux chambers has many limitations. If there is a basement, a flux chamber
sample will not include the flux exchange of the four walls. If not properly placed, a flux chamber
will not collect vapor from the worst-case vapor exchange areas, such as a crack in the basement
slab. Flux chamber samples also will not account for the connection between the footing and the
walls, nor will they detect any vapor exchange where underground conduits enter the structure.
There are additional concerns as to whether the air-flow conditions inside a chamber match the air-
flow conditions in a room. If the air flow in the chamber is less than the air flow in the room, fluxes
could be reduced. If the airflow in the chamber are higher than in the room, measured fluxes could
be incorrectly estimated. Fluxes may be over-estimated if upward advection is created, or under-
estimated if chamber air is pushed downward into the subsurface (H&P Mobile, 2003).

However, flux chambers may be useful under certain circumstances (e.g., an indoor spill where
contamination has seeped into the concrete floor.) The use of a flux chamber should be discussed
with the DEQ technical contact.

4.7 Quality Assurance/Quality Control

For a large sampling event, a minimum of one duplicate sample per 10 samples per sample type
(e.g. sub-slab, indoor air, etc.) should be collected. A duplicate sample involves two Summa
canisters connected to one controller via a specially designed splitter provided by the analytical
laboratory, or, if a splitter is not available, two canisters can be set up side-by-side (collocated) and
collected over the same time interval. Split samples may be collected by DEQ or its contractor.
Split samples may be collected in the same manner as a duplicate sample or collected utilizing
collocated canisters. The collection of blanks during VI sampling with Summa canisters is
generally unnecessary, because the use of 100% clean certified canisters ensures that the sample
media are not contributing to concentrations found in samples. However, if samples are being
collected with sorbent media, a sealed (unopened and unused) tube of sorbent media can be used as
a blank.

During any vapor intrusion sampling event, weather data should be collected and recorded over the
sampling period including barometric pressure, outside air temperature, wind speed and wind
direction.

4.7.1 Tracer/Leak Testing

To verify the integrity of the soil vapor probe seal and the connection between the sample container
and the probe, a tracer test is conducted prior to and/or during the collection of soil vapor samples
from temporary and permanent soil vapor probes, near slab probes, and sub-slab sample probes.
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Leak checks may be performed using either gaseous or liquid tracers. In addition, the fittings
between the probe and the canister may be leak-tested using a shut-in test (EPA 2018).

4.7.1.1 Gaseous Tracers (Helium Gas)

Gaseous compounds, such as helium, may be used as tracers for leak detection. Helium is DEQ’s
preferred tracer. Other gaseous tracers are available (EPA 2018), but the use of tracers other than
helium should be discussed with the DEQ technical contact prior to sampling. To perform a leak
check with helium gas, a shroud (e.g., polyethylene sheeting weighted at the ground surface, clear
Rubbermaid container, etc.) is placed around the surface seal of the subsurface sampling probe and
tubing, and filled with a minimum of a 20% helium gas that is measured in the field with a helium
gas meter. The soil vapor probe tubing should then be purged while beneath the helium filled
shroud. Helium gas readings should be recorded either directly from the sample tubing immediately
following the purge, or from the purged soil vapor collected in a Tedlar bag. If helium gas
concentrations collected from the purge vapor or directly from the sample tubing show helium
concentrations to be less than 10% of the helium concentration in the shroud, then the surface soil
vapor probe seal may be considered valid in the field and the soil vapor samples collected. Should
the concentration of helium in the purge gas or sample tubing exceed 10% of the shroud
concentration, the surface seal should be reset, and the leak check performed again. For an added
check on the connections to the sampling container and verification of field readings, the soil vapor
samples may also be collected under a suitably sized helium filled shroud and the sample analyzed
for helium gas at the laboratory (ITRC, 2007).

Helium is available as ultra-high purity, high purity, and balloon grade. Balloon grade helium may
be acceptable for most uses and is typically available in easier to handle canisters. However, there
is a slight possibility that balloon grade tanks may contain a very small percent of atmosphere and
these tanks may have been used previously for argon or nitrogen. High purity tanks contain 99.99%
helium and the tanks are dedicated. Ultra-high purity tanks contain 99.999% helium, are dedicated,
and are evacuated prior to filling. The grade of helium to be used should be discussed with the
DEQ technical contact.

The buoyancy (or tendency to rise) of helium should be considered when leak-testing deeper soil
vapor probes. The vacuum used to purge a deep probe should be high enough to overcome
helium’s tendency to rise (EPA 2018).

4.7.1.2 Liquid Tracers

Leak checks may also be performed using liquid tracers such as difluoroethane (DFA), isopropyl
alcohol, pentane, and freons. DFA is the most commonly used liquid tracer for VI investigations in
Montana. It is a refrigerant found in many aerosol products, most notably an office cleaning supply
known as “Dust-Off”. However, the purity of off-the-shelf products should be considered to
determine whether they are appropriate for use as a tracer (EPA 2018). The use of liquid tracers
should be discussed with the DEQ technical contact prior to sampling and adequate justification
should be provided for choosing DFA over helium. To perform a leak test with DFA or another
liquid tracer, the tracer is sprayed onto towels, which are placed around the vapor probe surface
seal. The soil vapor sample is then collected and later analyzed at the laboratory for the liquid
tracer. A small amount of tracer in a sample does not necessarily indicate an unreliable sample.
Tracer concentrations up to 1,000 pg/L are appropriate to account for the possibility that the starting
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concentration of the liquid tracer is not equal to the vapor pressure. This value corresponds to a 1%
leak, assuming a starting concentration equal to the vapor pressure of the compound or a 10% leak
if the starting concentration is only 10% of the vapor pressure, a conservative assumption (ITRC,
2007).

4.7.1.3 Pros and Cons of Helium vs. Liquid Tracers

Helium gas and liquid tracers both have advantages and disadvantages for their use as a tracer gas in
performing surface leak checks on subsurface soil vapor probes (Table 1). Helium gas offers the
advantage of providing real time data in the field, which can be used to correct leaking surface seals
and ensure that valid soil vapor samples are collected, potentially eliminating costly re-sampling
events. Helium gas is inert and will not raise laboratory LOQs if it is present in the soil vapor
sample. Using helium gas as a tracer does add to the amount of time needed to collect soil vapor
samples and results in transportation of helium gas cylinders and use/rental of a helium gas meter.
The use of liquid tracers as a tracer gas offers the advantages of being inexpensive and does not add
any significant time to the collection of soil vapor samples. However, liquid tracers do not provide
field data as to whether or not surface seals are tight and this may result in expensive re-sampling
events should liquid tracers be found in the soil vapor samples at significant concentrations. If
liquid tracers are found in soil vapor samples in significant concentrations, this may raise the
laboratory LOQs for all VOCs, making the data collected unusable. Helium may be a better tracer
gas for collecting soil vapor samples from “tight” soils such as clays and silts as these soils have
smaller pore spaces and contain less soil vapor, which results in a greater likelihood of leaks
occurring in surface seals. The real time field data indicating whether or not surface seals are
preventing ambient (indoor or outdoor) air from being drawn into the soil vapor sample can be
invaluable in these situations.

Table 4.7.1.3: Advantages and Disadvantages to Helium and Liquid Tracers as tracers (ITRC, 2007

Tracer | Advantages Disadvantages
Helium e  Can check for leaks on site with . Balloon (“Party”)grade helium may be
handheld detector contaminated with low levels of VOCs
e  Can quantify amount of leakage e  Process is more cumbersome than some others
accurately e  Cannot be analyzed by TO-15
e  Does not interfere in TO-15 analysis e  Can be difficult to apply to sampling train
e  May work better in low-permeability connections
soils e  Helium’s buoyancy needs to be overcome to
assess leaks in deep soil probes.
Liquid e  Easy to use in identifying leaks e  Concentrations on sample train are estimated
Tracers e  Can be detected by VOC analytical e  Large leak may lead to VOC analysis
(e.0. methods interference.
DFA) e Easytouse e No simple field screening method
e  May leave residual contamination on sample
train
e Off-the-shelf products may contain impurities

4.8 Sample Containers

There are different types of sample containers that may be used in different circumstances. In most
cases, Summa canisters are the most appropriate sample container for VI investigation samples.
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However, there may be circumstances where Tedlar bags or flux chambers may be used for sample
collection. In addition, sorbent tubes or cartridges may be needed to collect samples for SVOC
analysis. Following is a detailed discussion on sample containers.

4.8.1 Summa Canisters

Summa canisters are used when COPCs are VOCs and EPA Method TO-15 and/or Air-Phase
Hydrocarbons (APH) are needed. Summa canisters are constructed out of an inert material that
minimizes reactions with the sample and maximizes the recovery of target compounds from the
container; thus, enabling lower LOQs and longer holding times. Canisters range in volume from
less than 1 liter to greater than 6 liters (Air Toxics, 2007). Six-liter canisters are generally used to
collect time-integrated indoor air and ambient outdoor air samples. One-liter canisters are generally
used for taking grab samples or samples where higher LOQs are acceptable, such as soil vapor or
sub-slab samples. It may also be appropriate to use 6-liter canisters to collect soil vapor or sub-slab
samples. However, indoor air and ambient outdoor air samples that will be analyzed for VOCs,
including petroleum hydrocarbons, should be collected in 6-liter canisters. Please see Section 5.0
for additional discussion on analytical methods.

The laboratory selected to analyze the samples will provide the sampler with passivated stainless-
steel canisters (Summa canisters), flow controllers, and vacuum gauges. Prior to canisters and flow
controllers being sent out to clients, they are thoroughly cleaned, leak tested, and certified. The
cleaning process consists of electropolishing and chemical deactivation to produce a surface that is
nearly chemically inert (passivation). This cleaning process is crucial to the analysis of soil vapor
or indoor air samples. Laboratories provide certification of Summa canister and flow controller
cleaning.

Two types of certification are available: batch certification and individual certification. A batch
certified Summa canister means that after a group of canisters and flow controllers is cleaned, one
set is selected from that group for analysis to verify that the cleaning process was successful.
Usually, the set with the highest air contaminants from the previous sampling event is selected to
run the additional verification analysis. If that Summa canister and flow controller set passes the
verification test, then it is assumed that the other canisters and controllers will pass the verification
analysis as well. Therefore, a Summa canister that is batch certified most likely has not been tested
to ensure that the cleaning process was a success. Individual certification requires that each canister
and flow controller supplied to a client be tested and certified to below the method reporting limit
for every compound that will be analyzed.

Sampling indoor air calls for extreme sensitivity, and individually certified canisters are critical to a
successful sampling event. Therefore, individually certified Summa canisters and flow controllers
are used to collect all indoor air samples. Additionally, ambient outdoor air sample canisters are
also individually certified. A false positive in an ambient outdoor air sample, if considered in the
multiple lines of evidence when determining VI, may affect the action taken, adversely affecting
those exposed to vapors where further investigation or remedial measures might otherwise be
needed.
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Soil vapor sample canisters may be 10% batch certified. However, samples collected in batch
certified canisters are at risk for false positive results, which would likely lead to further sampling.
Individually certified canisters may be necessary in subsequent follow-up rounds of soil vapor
sampling after a positive result is detected.

For applications such as soil vapor or sub-slab samples, individually certified canisters may not be
necessary. However, when sampling indoor air, individually certified canisters provide assurances
for this sensitive sampling. For further discussion on appropriate sample containers and
certification, see Section 5.

The maximum holding time for samples collected in a Summa canister for TO-15 and APH analysis
is 30 days. Ship the canisters (plus vacuum gauges and flow controllers) back to the laboratory in
the boxes in which they were originally sent. The laboratory may provide return shipping labels for
convenience, and this will need to be arranged with the laboratory. Do not ship the canisters back
to the laboratory on ice. Follow the proper chain of custody procedures.

When collecting soil vapor or sub-slab samples, it is appropriate to connect the Summa canister to a
dedicated flow controller supplied by the laboratory to control the rate of the sample collection.

The sample should not be collected at a rate that exceeds 200 mL/minute, in order to minimize risk
of creating a short circuit. For time-integrated samples, the flow controllers are set by the
laboratory to achieve a desired flow rate and thus, the desired sampling interval (e.g., 8-hour or 24-
hour). Please discuss sample objectives and needs with the laboratory to ensure that the appropriate
sample equipment is used.

The laboratory will provide dedicated sample tags attached to the Summa canister. Sample tags
should not be switched between canisters because the sample tags provide decontamination
information and generally link the canister to a specific flow controller. The sample identification
(e.g. name, location, and time) should be neatly written on the canister tags at the time of collection.
Never write on the canister. Beginning and ending vacuum measurements should be neatly written
on the canister tags at the time of collection. Avoid using pens that contain VOCs (For example
Sharpie pens) when completing tags and other paperwork.

Initial vacuums measured at the laboratory should be 30 inches Hg, but some vacuum may be lost in
transit or affected by changes in elevation. A canister will lose approximately 1 inches Hg for every
1,000 feet of elevation gain. Therefore, initial vacuum measurements of 25-30 inches Hg are
acceptable for locations in Montana. Canisters that contain a vacuum of less than 25 inches Hg
should be considered unusable, unless otherwise agreed by the DEQ technical contact. At the
conclusion of the sampling interval, it is desirable to have a minimum of 5 inches Hg of vacuum left
to confirm that there is no leakage within the canister during the transit back to the laboratory. The
initial vacuum should be written on the sample tag at the beginning of sampling and the final
vacuum should be written on the sample tag at the conclusion of the sampling.
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4.8.2 Tedlar Bags

Tedlar bags may not have the appropriate detection levels for many vapor and indoor air samples.
However, Tedlar bags may be appropriate for soil vapor probe purging, field screening, or on-site
analysis. Tedlar bags may sometimes be used to collect soil vapor probe or sub-slab samples for
petroleum hydrocarbon analysis (i.e., Air-Phase Petroleum Hydrocarbon; See Section 5.1.1). The
DEQ technical contact should be consulted prior to the use of Tedlar bags for sample collection and
analysis.

Tedlar bags, if utilized, should only be filled to half capacity to accommodate potential
expansion/compression during transit. Overfilled bags may rupture during air transit.

Please discuss sampling objectives and method detection limits with the laboratory to ensure that
the appropriate sample equipment is used.

4.8.3 Sorbents

If SVOCs (generally compounds heavier than naphthalene) are COPCs at a site, then EPA method
TO-13a (or other methods) may be needed. In some circumstances, EPA Method TO-17 may be
used for VOCs. Please verify with the laboratory which analytical method is needed for specific
SVOCs. Methods TO-13a and TO-17 collect samples using a sorbent (also called adsorbent)
device.

Using a sorbent to collect an air sample normally involves “active” sampling, unlike an evacuated
canister that can be filled “passively” by simply opening the valve (Air Toxics, 2008). Typically, a
pump is used to draw soil gas through the sorbent tube, and the sorbent tube is then analyzed by a
laboratory. A variety of adsorbent cartridges and pumping systems are available from commercial
vendors. When using active pumping methods, it is important that the pump be calibrated and that
the start/stop times of sample collection are recorded so that an accurate sample volume is
determined. It is also important to be mindful of pump battery capacity or AC power needs when
planning for active sampling.

The collection issues and criteria discussed elsewhere in this guidance (sample locations, analyte
lists, etc.) apply when using adsorbents. In addition, to eliminate the chance for cross-
contamination, it is essential that the soil gas be drawn through the sorbent by the pump, not
pumped into the adsorbent. The use of two tubes in series is recommended to avoid breakthrough
losses in areas of suspected higher concentrations. The sorbent, purge rate, and sample volume are
determined through discussion with the analytical laboratory (ITRC, 2007). Also, please discuss
the V1 investigation DQOs with the DEQ technical contact.

Additional sorbent methods may be available, including passive sorption collection methods for
longer-term sampling, and the use of such methods would be site-specific.
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4.9 Decontamination Procedures

Because of the sensitivity of VI sampling and the low concentrations involved, the use of disposable
sampling equipment whenever possible is highly recommended. However, probe installation
equipment such as drills and drill rigs should be decontaminated between samples. After each use,
drive rods and other reusable components should be properly decontaminated to prevent cross
contamination. A standard decontamination procedure includes a 3-stage wash and rinse (e.g., wash
equipment with a non-phosphate detergent, rinse with tap water, and finally rinse with distilled
water); and/or steam cleaning (DTSC, 2015).

5.0 LABORATORY ANALYSIS OF VAPOR SAMPLES

Laboratory analysis of vapor samples is an integral part of the assessment of the VI pathway.
Specific analytical methods and appropriate quality control standards should be used to ensure that
high quality data are used for assessment and VI decision making. This section addresses analytical
needs for vapor sampling at petroleum hydrocarbon and chlorinated solvent sites.

5.1 Analytical Methods

Specific analytical methods are used to analyze various types of VI samples. The following
sections discuss typical analyses for petroleum hydrocarbon, chlorinated solvent, and other VOC
and SVOC contamination. Sites with multiple types of contaminants may need multiple analyses.
Sites where little is known about the contamination may need analysis for more contaminants. As
sample results become available, the analyte list and analytical methods used may be refined. The
DEQ technical contact can provide guidance for specific site needs.

5.1.1 Petroleum Hydrocarbons

DEQ recommends that all air samples at sites with volatile petroleum hydrocarbon contamination,
such as gasoline, mineral spirits, kerosene, #2 diesel, jet fuels, and certain petroleum naphthas, be
analyzed using EPA’s Determination Of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/Mass Spectrometry (GC/MS)
(TO-15), dated January 1999 (EPA, 1999b), and using the Method for the Determination of Air-
Phase Petroleum Hydrocarbons (APH), developed by the Massachusetts Department of
Environmental Protection, dated December 2009 (MADEP, 2009).

Method TO-15 provides analysis of a multitude of VOCs which may vary by the laboratory. Prior
to sampling, verify with the laboratory the analytes that will be included in the TO-15 method.
Depending upon the site history and conceptual site model, it is generally appropriate to limit the
analyte list based upon contaminants anticipated to be present in vapors at the site. A limited
analyte list should be approved by DEQ.

At petroleum release sites, the TO-15 analysis should include lead scavenger’s ethylene dibromide
(EDB) and 1,2-dichloroethane (1,2-DCA) unless the DEQ technical contact advises that these
contaminants are not COPCs for the site.
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The APH method provides analysis of volatile petroleum hydrocarbon target compounds and
ranges, namely:

MTBE

Benzene

Toluene
Ethylbenzene
Xylenes

e 1,3-Butadiene

e Naphthalene

e (C5-C8 Aliphatics
e (C9-C12 Aliphatics
e (C9-C10 Aromatics

Analytical LOQs for the TO-15 analysis should be lower than the established screening or site-
specific cleanup levels (see Section 6). The APH method will typically have a higher reporting
limit than the TO-15 method, and target compounds analyzed using this method will not likely meet
screening levels. Prior to sampling, discuss the analytes and LOQs with the selected laboratory to
ensure that the necessary COPCs will be included in the APH and/or TO-15 analysis, as
laboratories’ analyte lists typically differ, and verify that analytical LOQs will be lower than the
established screening level. It may be necessary to analyze samples using TO-15 selected ion
monitoring (SIM) in order to achieve analytical LOQs that are less than screening levels. If LOQs
that are less than screening levels cannot be achieved, the lowest achievable reporting limit should
be requested.

After the initial samples are collected from a particular location in the vicinity of a petroleum
release, the DEQ technical contact may determine that subsequent samples may be analyzed only
for APH. This may be the case in a location where levels of contamination are high enough that
they will be detected by the APH method, where no constituents are detected in the TO-15 analysis
that cannot be detected by the APH method, and where soil and groundwater contaminant levels are
well documented and are expected to remain static. As contamination drops to lower levels than the
APH method can detect, the TO-15 analysis will once again be needed.

5.1.2 Chlorinated Solvents and Other VOCs

At chlorinated solvent or other VOC release sites where V1 is a concern, air samples should be
analyzed by method TO-15. COPCs vary between solvent sites, and the analytes included in the
TO-15 analysis will be determined using the CSM (see Section 2.0). Depending upon the site
history and previous investigations, it is generally appropriate to limit the analyte list based upon
contaminants anticipated to be present in vapors at the site. DEQ should approve limited analyte
lists.

As with petroleum hydrocarbons, analytical LOQs for the TO-15 analysis should be lower than the
established screening or site-specific cleanup levels (see Section 6). It is likely the TO-15 SIM
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analysis will be necessary for chlorinated solvent sample analysis. After the initial samples are
collected from a particular location, the DEQ technical contact may determine that subsequent
samples can be analyzed using TO-15, rather than TO-15 SIM. This may be the case in a location
where levels of contamination are high enough that they will be detected by the method and where
soil and groundwater contaminant levels are well documented and are expected to remain static. As
contamination drops to levels lower than the TO-15 method can detect, the TO-15 SIM analysis will
once again be needed.

5.1.3SVOCs

If SVOCs (generally compounds heavier than naphthalene) are COPCs at a site, then EPA’s
Determination of Volatile Organic Compounds in Ambient Air Using Active Sampling Onto Sorbent
Tubes (TO-17), (EPA, 1999a), or another analytical method, may be needed. Please verify with the
laboratory what analytical method(s) is appropriate for the COPCs. As discussed above, analytical
LOQ:s for the TO-17 analysis should be lower than the established screening or site-specific cleanup
levels (See Section 6.1.3).

5.1.4 Fixed Gases and Other Analytes

The fixed gases oxygen, carbon dioxide, methane, nitrogen, and hydrogen may be analyzed in the
field or in the laboratory to support lines of evidence in a VI investigation.

Fixed gases can be used as a practical means of evaluating subsurface fixed gas concentrations
relative to atmospheric levels. If sub-surface gases are distinguishable from atmospheric air, the
different levels can be used to assess when atmospheric air has been removed during purging of the
vapor sampling point. Additionally, analysis of fixed gases may show leaks in a sampling system if
atmospheric levels of oxygen are detected at a subsurface sample point that is known to contain
lower levels of oxygen.

Fixed gases may also be used to assess biodegradation at petroleum sites. Methane may be of
interest in determining biodegradation and may be analyzed in conjunction with oxygen and carbon
dioxide.

At sites with free product in an anaerobic aquifer, samples should be collected for methane. In this
scenario, DEQ has seen elevated sub-slab methane concentrations that present a flammability safety
issue.

Please discuss with the DEQ technical contact whether monitoring fixed gases in the field or in a
laboratory is more appropriate in each case. In the field, fixed gases may be analyzed using a
portable gas monitor. Samples analyzed in a laboratory will be collected in a Tedlar bag or Summa
canister, and may be analyzed using ASTM method D1946 - 90(2006) Standard Practice for
Analysis of Reformed Gas by Gas Chromatography, (ASTM, 2006) or EPA method 3C —
Determination of Carbon Dioxide, Methane, Nitrogen, and Oxygen from Stationary Sources, (EPA,
1996). Please verify with the laboratory which method they perform, and any sampling
methodologies that should be followed.
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If there are any other COPCs present at a site that are not mentioned in this document, please
discuss sampling and analytical methods with the DEQ technical contact.

5.2 LABORATORY QUALITY CONTROLS

Once samples are received at the laboratory, they should be logged into the laboratory information
management system. If the sample is in a Summa canister, the canister’s pressure will be measured
and documented. Along with each batch of samples, the analytical method required laboratory
quality control (QC) samples will also be analyzed. Laboratory QC parameters for APH, TO-15,
and TO-17 are detailed in Table 2. These laboratory QC samples are described more fully in the
text below the table. All QC samples and field samples will be injected with an internal standard
that will be measured to demonstrate the consistency of the method.

Table 5.2. Laboratory Methods for Analysis of Air Samples

Analysis Cost QC Parameter
Range Tune CCcvVv LMB LCS Lab Duplicate
TO-15 & | $165- | Required | Required | Required Not Not required
TO-15 | $230 daily daily daily required
SIM
TO-17 $225 | Required | Required | Required Not Not required
daily daily daily required
APH $275- | Required | Required | Required | Required | Required for each
$300 daily daily & | foreach | foreach batch of 20
per batch | batch of | batch of samples
of 20 20 20
samples | samples | samples

Laboratories use a daily instrument performance tune to verify the mass calibration and resolution
of the GC/MS prior to analyzing any other QC or samples. The instrument performance check
standard used as the tune is an aliquot of bromofluorobenzene.

A continuing calibration verification (CCV) is the mid-level calibration standard used to check
the initial calibration on a daily basis. It is analyzed on a GC/MS that has met tuning criteria prior
to analyzing any other QC or samples. All compounds to be analyzed in the samples should be
included in the CCV.

A laboratory method blank (LMB) is an unused, certified canister that has not left the laboratory.
The blank canister is pressurized with humidified, ultra-pure zero air and undergoes the same
analytical procedure as a field sample. The injected aliquot of the blank contains the same amount
of internal standards that are added to each sample. The LMB is analyzed after the CCV and before
the samples to monitor for possible laboratory contamination.
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The laboratory control sample (LCS) is a LMB that has been injected with the target and range
compounds and is required for an APH analysis. The purpose of the LCS is to demonstrate that the
laboratory can perform the overall analytical approach in a matrix free of interferences.

The analytical method requires the laboratory to prepare and analyze one laboratory duplicate
sample for each batch of 20 samples in an APH analysis. The purpose of the sample duplicate is to
determine the homogeneity of the sample matrix, as well as analytical precision. Sample duplicates
are prepared in the laboratory by analyzing one sample in duplicate. Please refer to the APH
analytical method for further discussion of precision and accuracy requirements for each of the QC
samples mentioned above.

Laboratories should submit analytical reports with appropriate QC packages as determined by the
project quality assurance project plan. Analytical results for APH, TO-15, and TO-17 need to be
reported in ug/m®. Reports should be submitted electronically, both in a portable document format
(PDF) and electronic data deliverable (EDD) format. The EDD formats necessary to import
laboratory data into DEQ’s WMRD-EQuIS Database as well as step-by-step instructions are
available via information in Appendix C.
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6.0 SCREENING LEVELS

6.1 VAPOR SCREENING LEVELS
The following section discusses the various screening levels used in a VI investigation.

6.1.1 Regional Screening Levels

For initial screening of soil gas/vapor, ambient air, sub-slab soil gas and indoor air data, DEQ
compares concentrations to the most recent EPA Regional Screening Levels (RSLs) for residential
and/or industrial air. The results of this screening step will generate a list of contaminants of
potential concern (COPCs) for each data set, based on the residential receptor and the
industrial/commercial worker receptor. Since the residential indoor air RSLs are the most
protective of the exposure scenarios, if all gaseous contaminants at a site fall below those levels
then additional screening may not be necessary. For sites with COPCs above residential RSLs and
with additional receptors including trench and excavation workers that may be exposed to soil gas
or buildings with unique exposures such as school buildings, churches etc. a more site-specific
evaluation may be needed (see Section 6.1.5 below). Refer to Section 7.1.11 regarding Limit of
Quantitation (LOQ) comparison to screening levels.

For each compound, EPA develops RSLs for both cancer and non-cancer effects, and the lowest
(most conservative) of those screening levels is used for screening purposes and is displayed in
EPA’s RSL Summary Tables (see link at end of this section). EPA calculates non-cancer RSLs
with a Target Hazard Quotient (THQ) of 1 and 0.1. Initial screening should be based on the THQ of
0.1 to account for multiple compounds that may impact the same target organs or have the same
critical effects. Non-cancer risks are considered additive as exposure may affect the same organs or
result in the same critical effects.

EPA calculates cancer risk using a 1 x 10 (or one in one million) excess lifetime cancer risk which
allows for as many as 10 cancer-causing compounds to be present at their screening levels before
the Montana-allowable 1 x 10, (or one in one hundred thousand) excess lifetime cancer risk, is
exceeded. All cancer risk is considered to be additive regardless of the type of cancer that may
result from exposure.

Montana’s screening process also incorporates state-determined indoor air background
concentrations (see Section 6.1.3 and the Indoor Air Screening Flowchart in Appendix B). For any
compound where the EPA indoor air RSL is less than Montana’s indoor air background levels, the
background level can be used for initial screening. When the EPA RSL is higher than Montana’s
background indoor air level, the EPA RSL can be used for screening. Since EPA updates their RSL
tables on a regular basis, it is important to remember to check whether or not the update has
triggered a change in the previously determined screening level.

The EPA RSLs and additional information on their derivation can be found at
https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables.
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6.1.2 Air-Phase Hydrocarbons (APH) Screening Levels and Calculator

DEQ has developed generic screening levels for the petroleum fractions reported by the
Massachusetts Air-Phase Petroleum Hydrocarbons (APH) method which are not found in EPA’s
RSL table. DEQ calculated these screening levels using the same assumptions as those used by
EPA to calculate the indoor air RSLs (please see Section 6.1.1 for a discussion of this

process). Table 6.1.2.1 displays the screening levels that should be used for the listed petroleum
fractions. Consistent with DEQ’s screening process, the calculated screening levels were compared
to the Montana Background Indoor Air concentrations (DEQ, 2012) and if the background
concentrations were higher than the derived screening level, the Montana Background Indoor Air
level was used.

Table 6.1.2.1. Generic APH Fraction Screening Levels
APH Eraction Residential Screening Industrial Screening Level

Level (ug/m?d) (ng/m?d)
Aliphatic (C5-C8) 94* | 260 |
Aliphatic (C9-C12) 44* | 44* |
Aromatic (C9-C10) 10 | 44 |

*Montana Background Indoor Air concentrations (DEQ 2012)

DEQ has developed the APH Calculator, a generic screening tool for common petroleum
compounds. This calculator is intended for use at PVI sites only and is not appropriate for use at
sites with any contaminants not listed in this calculator. This calculator is not meant to be used
with solvent sites or mixed waste sites containing a combination of petroleum and other
contaminants. The calculator and instruction document can be downloaded from DEQ’s website at
https://deg.mt.gov/Files/Land/StateSuperFund/Documents/NEW%20aphvisl_calc_20160608.xIsx?v
er=2016-10-07-120842-787.

To use this calculator simply compare the soil gas, sub-slab soil gas, and/or indoor air analytical
results to the screening levels shown in Table 1 of the calculator. Any compounds that exceed their
corresponding screening levels in Table 1 of the calculator should be added to Table 2 of the
calculator by clicking on the drop-down tabs in each cell until all compounds have been added. As
compounds are entered into Table 2, the calculator will display the site-specific residential and
industrial screening levels. These site-specific screening levels can be compared to the same
analytical results to determine the vapor intrusion contaminants of concern (COCs) for a particular
site.

6.1.3 Screening with the Montana Background Indoor Air Levels

In 2012 DEQ completed an investigation looking at typical indoor air concentrations from non-
smoking residences around the state. This investigation was meant to provide background values to
be used for screening that represented indoor air concentrations typically found in residential
dwellings in Montana. DEQ’s Montana Background Indoor Air investigation found several
compounds (1,2-dichloroethane, benzene, VPH fractions, ethylbenzene, and naphthalene) present in
indoor air at concentrations higher than EPA’s indoor air RSLs. Table 5.1.3 of DEQ’s Montana
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Background Indoor Air investigation report summarizes these compounds. For initial screening of
sub-slab, soil gas, and indoor air data, it is acceptable to incorporate these background
concentrations in the screening process, along with other lines of evidence. These values can also be
helpful in showing members of the public who are concerned about vapor intrusion that certain
compounds can typically be found in indoor air at residences not impacted by vapor intrusion.

Montana’s Background Indoor Air investigation report can be found on DEQ’s website at:
https://deqg.mt.gov/Portals/112/Land/StateSuperfund/Documents/V1 guide/CompleteindoorVOCRe

port.pdf. .

6.1.4 EPA Vapor Intrusion Screening Levels

EPA has developed Vapor Intrusion Screening Levels (VISLs) and a VISL Calculator for
groundwater, near-source soil gas, sub-slab soil gas, and indoor air. The indoor air VISLs are the
same screening levels (calculated with the same equations, toxicity information, exposure
assumptions) as the EPA RSLs. The other, medium-specific VISLs are derived from the indoor air
RSLs, but with default attenuation factors applied. EPA indicates that the primary objective of the
VISL screening process is to identify sites or buildings that are unlikely to pose a health concern
through the VI pathway (EPA 2015a). An exceedance of a VISL does not necessarily trigger
mitigation or remediation, but generally indicates that additional evaluation of the VI pathway is
warranted. EPA’s VISL calculator, user’s guide, and other information are available online:
https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator.

The use of VISLs for groundwater, near-source soil gas, and sub-slab soil gas is not appropriate at
all sites. According to EPA, “A4 critical assumption...is that site-specific subsurface characteristics
will tend to reduce or attenuate soil gas concentrations as vapors migrate upward from the source
and into overlying structures,” (EPA 2015a). VISLs are not appropriate at a site or building where
conditions exist that would allow enhanced or unattenuated entry of soil gas into a building. Of key
importance in the use of VISLs is that the following conditions and underlying assumptions are met:

e Groundwater is at least five feet deeper than a building’s foundation.

e Buildings have poured concrete foundations that may be susceptible to VI (for example,
through standard utility penetrations), but do not have significant openings to the subsurface
that would readily allow soil vapor into buildings (sumps, large openings in the concrete,
earthen floors, unlined crawlspaces).

e There are no significant preferential pathways including fractured bedrock or utility
corridors.

e The vapor source at a site is not a landfill where methane generation is produced in amounts
that induce advective transport in the vadose zone.

e The vapor source is not a pressurized gas line or other pressurized source. (Vapors from
pressurized sources likely necessitate immediate response.)

e Vapor source cannot be of a type where concentrated vapors have been released within an
enclosed space (likely at a commercial/industrial facility) 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.
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At this time, EPA does not generate tables of VISLs like it does for RSLs. The EPA VISL
Calculator does allow the use of some site-specific parameters, including groundwater temperature,
which users may enter, if known. For initial screening, users should enter into the VISL calculator
a cancer risk of 1 in 1 million (10-) and non-cancer hazard index of 0.1.

Contaminants dissolved in groundwater are one part of the VI conceptual site model. DEQ
reviewed EPA’s Groundwater VISL calculator and determined for most groundwater contaminants,
DEQ’s Circular DEQ-7 Standards and EPA Maximum Contaminant Levels (MCLs) are numerically
lower than EPA’s Groundwater VISLs. However, under particular scenarios, some dissolved
contaminants at concentrations less than their respective DEQ-7 Standard or MCL will still exceed
the EPA VISL, and therefore pose a potentially unacceptable risk of vapor intrusion. As a result,
when evaluating sites for vapor intrusion (when developing the site conceptual model and during
screening), all detected volatile groundwater contaminants should be screened using the EPA
Groundwater VISL calculator regardless of their concentrations. In circumstances where
groundwater concentrations exceed Groundwater VISLs, additional factors may be considered (for
example, vertical and lateral separation distances for petroleum sites) in determining whether a VI
investigation is necessary. Coordinate with the DEQ technical contact to ensure that appropriate
VISLs are being used and to determine whether a VI investigation is needed.

6.1.5 Site-Specific Evaluations and Cleanup Levels

Following initial screening and the determination of site COCs, it may be appropriate to develop
site-specific cleanup levels (SSCLs). It is not appropriate to calculate numeric risks on a structure-
specific basis since VI data are so variable. Cleanup levels should be developed for all compounds
considered COC:s for the site and should represent the current and future site receptors. Standard
receptors should include the residential and commercial/industrial worker receptors however, other
exposures and receptors may also be present at a site. The equations provided in the EPA’s Risk
Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part F,
Supplemental Guidance for Inhalation Risk Assessment) (EPA, 2009b) and reproduced in the EPA
Regional Screening Levels User’s Guide (EPA, 2009a) are used to develop site-specific cleanup
levels. Site-specific cleanup levels should be calculated to ensure a cumulative risk of 1 x 10° and
a cumulative hazard index of 1 for each target organ or critical effect are not exceeded. Since the
EPA Regional Screening Level tables are updated regularly, these tables generally include the most
up-to-date toxicity information used for site-specific cleanup level calculation.

Cleanup levels may also be developed for site-specific receptors outside of the standard residential
and industrial/commercial worker scenarios. For example, sites with school buildings or other
buildings with varied use may need other exposures and receptors evaluated. The site-specific
receptors and exposure scenarios should be discussed with the DEQ technical contact. Excavation
and trench workers are also a site-specific scenario that should be discussed with the DEQ technical
contact.
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6.1.6 Occupational Safety and Health Administration Levels

Occupational exposure concentrations, such as those set by the Occupational Safety and Health
Administration (OSHA\), are not appropriate for use as screening or cleanup levels. First, these
levels were calculated using out-of-date toxicity information and were developed to protect healthy
adult male workers. They are based upon risk levels, such as 1 in 100 excess cancer risk, that are
not appropriate for the situations addressed by this guidance. These levels do not account for
exposure to multiple contaminants. Finally, OSHA levels are meant to be applied in the presence of
a Hazard Communication Program, engineering controls, and other protective measures that are not
likely to exist for contaminants released into the environment.

There may be commercial/industrial facilities where a contaminant of concern (COC) for VI is also
in active use at the facility. In these situations, appropriate VI investigation methods that consider
current uses of the facility as well as the potential for VI from separate releases of the COC should
be evaluated. DEQ ensures releases are cleaned up to levels that are protective of human health in
the future (for example, what is currently an active dry-cleaning business may one day be an office
space and the industrial OSHA standards governing current use as a dry-cleaning facility no longer
apply) and will therefore ensure that VI investigations and cleanups consider present and future use.

6.2 Attenuation Factors

DEQ’s 2011 VI Guide did not allow the use of generic attenuation factors for VI decision-making.
However, in this updated 2021 guidance, DEQ accepts the generic attenuation factors set forth by
EPA (EPA 2015a). EPA’s attenuation factors were calculated to protect human health while
recognizing that, under specified conditions, a minimum level of attenuation occurs between the
subsurface and indoor air. As with the VISLs, one objective of the EPA’s default attenuations
factors is to screen out buildings and sites that are unlikely to pose health concerns through the VI
pathway. The attenuation factors in EPA 2015a are the same default attenuation factors used in the
calculation of VISLs (see Section 6.1.4). As with the VISLs, the use of the generic attenuation
factors depends upon meeting the criteria and factors bulleted in Section 6.1.4. The EPA
attenuation factors should be used as part of a multiple lines of evidence approach, and site-specific
data should be used to the extent possible.

In instances where site conditions are not consistent with EPA’s generic model that underlies the
VISLs and attenuation factors (see section 6.1.4), empirical evidence should be used for VI
decision-making rather than attempting to apply generic attenuation factors.

Table 6.2, below, summarizes EPA’s Recommended Attenuation Factors for Risk-Based Screening
of the Vapor Intrusion Pathway in Table 6-1 of EPA 2015a:

51



Table 6.2

Medium-specific Attenuation Factor for

Sampling Medium Residential Buildings

Groundwater, generic value, except for shallow
water tables (less than five feet below foundation) or
presence of preferential vapor migration routes 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)*
present

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 routes for
preferential vapor migration in vadose zone soils

3E-02 (0.03)

Crawl space air, generic value 1E-00 (1.0)**

*The EPA attenuation factors for groundwater do not allow for a direct comparison of groundwater concentrations to
indoor air concentrations due to the differing units and other factors. The EPA VISL calculator should be used to
determine the relationship between groundwater concentrations and indoor air.

** EPA’s attenuation factor for crawlspace are is 1.0, indicating that there is no attenuation between crawlspace air and
indoor air.

It is important to note that EPA’s attenuation factors apply to groundwater and soil gas, but not to
contaminated soil. No reliable screening mechanism has been developed for determining if soil
contaminated at specific concentrations results in V1. If volatile COPCs are present in the soil (see
discussion regarding distance from the contaminant source in Section 2.3), additional data (soil
vapor or sub-slab/indoor air) should be collected to determine if the COPCs are volatilizing from
the contaminant source. Soil gas samples collected immediately above contaminated soil are
referred to as “near source” samples (EPA 2015a). Based upon site-specific conditions the VI
investigation area may extend into areas where VOCs are present in groundwater or soil at
concentrations less than the DEQ-7 standard or the RBSL. Soil vapor data can be used to determine
if COPCs are present in soil vapor and help define the area of investigation.

It is not appropriate to use radon samples to determine site-specific attenuation factors for vapor
intrusion of VOCs (DEQ, 2009a and b), because radon and VOCs may migrate differently.
However, as discussed in Section 7.1.4, radon measurements can be used as an indicator to help
plan the timing of vapor intrusion investigations.
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6.3 Vadose Zone Degradation

Studies have shown that, under some conditions, aerobic biodegradation in the unsaturated zone can
significantly degrade petroleum hydrocarbon vapors (Lahvis et al. (2013a), USEPA (2013a), Davis,
et al., 2009; Luo, et al. 2009; Lundegard et al., 2008, DeVaull, 2007; McAlary et al., 2007; Abreu
and Johnson, 2006; Sanders and Hers, 2006; Pasteris et al., 2002; Roggemans, et al. 2001; Hers et
al., 2000; Fischer, et al., 1996). However, the rate of degradation for petroleum hydrocarbons in the
vapor phase has not been quantified (NJDEP, 2005). Unlike petroleum hydrocarbons, chlorinated
VOCs have not been found to biodegrade under aerobic conditions in the unsaturated zone (EPA
2015a).

A study conducted by Lundegard, et al. (2008) suggests that the significance of VI into a building
overlying an aerobically biodegradable source (i.e., petroleum-impacted soil) depends upon the
relative position of the vapor source and building, and the rate of oxygen (O.) transport from the
atmosphere to the soil vapor beneath the building. Some studies have shown that when Oz is
present in the soil profile, hydrocarbons vapors degrade or are absent (Davis, et al. 2005; Davis, et
al 2004; Ostendorf, et al. 1996). The magnitude of biodegradation of hydrocarbon vapors is related
to the availability of oxygen, subsurface hydrocarbon concentration distribution, and hydrocarbon
source concentration and depth (Abreu, et al., 2009). Due to aerobic biodegradation in the vadose
zone at sites contaminated with only petroleum hydrocarbons, lateral and vertical separation
distances can be used to screen sites for PVI. These factors should be considered on a site-by-site
basis when evaluating V1. Please confirm with the DEQ technical contact what VI investigation
information is needed.

7.0 DATA EVALUATION

Once VI data are collected, the data are validated to determine whether they are of adequate quality
for decision-making. A thorough data validation is necessary. The data validation includes
evaluating holding times, sample condition, Summa canister pressures, instrument performance and
calibration, duplicates, laboratory quality assurance/quality control samples, and any other
information to determine the quality of the data (EPA, 2016; EPA, 2017; EPA, 2020d; or newer
versions of the National Functional Guidelines as EPA updates them). Since VI decisions may be
based upon very low concentrations, having valid data are particularly important. A tool for
conducting a thorough data validation is available at:
https://deq.mt.gov/cleanupandrec/Programs/superfundstate. If data validation indicates that data are
unusable or that the data are biased, resampling under worst case conditions may be necessary.

7.1 Multiple Lines of Evidence

As recommended by the EPA and ITRC, multiple lines of evidence should be used throughout the
process of evaluating VI data. The following sections describe the primary lines of evidence to
consider. Uncertainty in the data will lead to the use of conservative assumptions in risk
management and other decisions.
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7.1.1 VOC Concentrations in Various Media

In general, samples from only one media do not provide sufficient information for VI decision-
making. Rather, a combination of soil, groundwater, soil vapor, sub-slab, near-slab, crawlspace,
and indoor air data for the site should be used to determine whether a subsurface contaminant
source exists and whether a pathway into indoor air exists.

7.1.2 Proximity of Structure to Contaminated Media

Both vertical and lateral proximity of structures to contaminated media should be considered in VI
decision-making. It may be appropriate to extend the initial VI investigation of 100 feet to a greater
distance from the edge of the dissolved plume depending upon the COPCs (see Section 2.3), the
conceptual site model, the presence of preferential pathways, and actual sample results. It is
important to remember that vapor sources may include residual soil contamination and high
concentrations of soil vapor, as well as contaminated groundwater or NAPL. It is possible that all
contaminant sources of vapors at a given site may not be characterized. Therefore, additional
investigation may be necessary to ensure that all contaminant sources of VI have been adequately
defined.

7.1.3 Concentration Gradients

The relative concentrations of COPCs in different locations/media may be considered as a line of
evidence, particularly when evaluating the presence of indoor air sources. In the absence of indoor
air sources, it would be expected that COPC concentrations in indoor air that are a result of vapor
intrusion would be less than the COPCs in the sub-slab air.

7.1.4 Whether Samples Were Collected During Worst Case Conditions

Worst case conditions typically occur during the winter months when the ground is frozen for most
facilities in Montana. Not only are vapors limited in their ability to travel through soil into ambient
outdoor air during this time of year, but heated structures can create a chimney effect that can draw
in vapors. In addition, because of the extreme winter weather conditions that can occur in Montana,
structures are typically well insulated and kept closed during the winter, thereby allowing vapors to
accumulate indoors. Indoor air and sub-slab samples should be collected during the winter for VI
decision-making. However, at some sites contaminated groundwater may vary significantly in
elevation throughout the year. Groundwater can rise to shallow depths under high water table
conditions during the spring or early summer, thus affecting V1. Indoor air and sub-slab sampling
may be necessary during high water table periods to determine if vapor intrusion conditions have
worsened.

Long term investigations of vapor intrusion study sites (Sun Devil Manor in Utah, for example) are
providing evidence that suggest various methodologies may be available to track and predict “worst
case” times for VI (i.e., when VI is “turned on”). These methods include using temperature,
pressure, and radon as indicators of VVI. The most straightforward (and least invasive) method is the
use of differential temperature for timing of VI sampling. According to Schuver, 2019, when the
difference between indoor and outdoor temperature averages 38 degrees F over 24 hours, the
chances of collecting a worst-case indoor air sample in Utah are increased significantly. Thus, if an
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indoor air temperature of 68 degrees F is assumed, then worst case VI would be likely to occur
when the average outdoor air temperature over 24 hours is less than 30 degrees F. These findings
support the collection of VI samples in the winter in Montana, preferably when conditions are very
cold. For more information about using differential temperature as an indicator VI, please refer to
EPA’s Science in Action fact sheet entitled Measuring Temperature as an Indicator for Vapor
Intrusion Studies (EPA, 2020a).

The timing of VI sampling may also be supported by trends in longer-term, continuous radon
measurements and/or pressure measurements. EPA has prepared fact sheets that provide more
information about the use of radon and pressure measurements in VI studies (EPA 2020b and EPA
2020c). The use of these VI indicators should be discussed with the DEQ project manager and
outlined in the DEQ-approved work plan.

7.1.5 Temporal Variability

Long term investigations at vapor intrusions sites have found that contaminant concentrations in
indoor air that are a result of VI, as well as sub-slab concentrations, can vary significantly over time
(EPA, 2015a). As described above, in Section 7.1.4, sampling for VI should be planned for worst-
case VI conditions.

More than one round of VI samples will generally be necessary to determine whether temporal
variability exists within a structure. While indoor air concentrations may be lower at certain times
of the year than others, decisions should be based upon the worst-case conditions.

The timing of multiple rounds of VI sampling at a building/site should be considered, and decisions
regarding the time between sampling will be made on a site-specific basis. EPA makes no specific
recommendations regarding time between VI sampling events, other than to say that multiple events
should be spaced to allow for some assessment of temporal variation (EPA 2015a). The State of
Wisconsin (Wisconsin, 2014) recommends VI sampling intervals as short as 4 weeks. Enough time
should be scheduled between sampling events to allow an increased chance for collecting samples
during a period of reasonable maximum exposure (Schuver 2019). Back-to-back VI sampling may
be acceptable in some circumstances (for example, where access is problematic and multiple days
of access over a longer timeframe are not possible).

7.1.6 The Time Needed to Remediate the Contamination

The length of time anticipated to remediate a site should be considered in determining whether a V1
investigation is necessary and in determining the need for mitigation measures. At facilities where
cleanup of contaminant sources is anticipated to occur within a short time period, such as one year,
a VI investigation may not be necessary. If cleanup goals are not achieved in the anticipated
timeframe, a VI investigation at a later date may be necessary. In addition, if VI is found to be
occurring above acceptable screening levels but it is possible to implement a remedy that may
address the contaminant sources within a short time period, such as one year, mitigation of
particular structures may not be necessary. Again, if the cleanup goals are not achieved in the
timeframe projected, mitigation may be necessary at a later date. For facilities or sites with
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contaminant sources near structures for which remediation will not likely be complete for an
extended period of time, a VI investigation and mitigation may be necessary if VI is found to be
occurring above acceptable risk levels.

7.1.7 Whether the Data Suggest a Significant Contaminant Source Exists Directly Below the
Structure

If samples collected from soil, groundwater, soil vapor, or sub-slab indicate that product or heavily
contaminated soil or groundwater exists below a structure, mitigation of the structure may be
necessary regardless of whether indoor air samples are collected or whether indoor air sampling
indicates that unacceptable risks from exposure to indoor air currently exist. For example, if
sampling indicates that LNAPL exists under a home and subsurface vapor concentrations are
several orders of magnitude above the screening levels, mitigation to prevent any VI from occurring
in the future may be necessary whether it is currently occurring or not.

7.1.8 Building Construction and Current Conditions

Building construction and the current condition of the structure should be considered in making VI
determinations. The building substrate and the structural integrity of the structure can play a
significant role in VI. For example, structures with radiant heat in the slab or a vapor barrier, and
structures like mobile homes with crawlspaces may not be as likely to have VI as other types of
structures. Structures with basements without slabs or with thin or highly degraded slabs may be
more likely to have VI.

7.1.9 Building Owner Surveys and the Potential Contribution of Indoor Sources

Building owners should complete surveys for all structures requiring VI sampling (See examples in
Appendix A). These surveys should be as detailed as possible in identifying and documenting
potential indoor sources of the contaminants of concern for the structure. The questionnaire should
include, but not be limited to, a floor diagram, showing the floor layout, chemical storage areas,
garages, doorways, stairways, basement sumps, utilities entering/exiting the structures, elevator
shafts, and any other pertinent information (NYSDOH, 2006). Appendix A includes questionnaire
examples for both residential and commercial/industrial properties. If a structure includes both
types of usage, both questionnaires should be completed. Potential indoor sources (i.e. paints,
gasoline cans, gun cleaners, etc.) and the consumer products’ names and locations should be
documented on the questionnaire. In buildings with many chemicals (for example, beauty salons,
automotive/contracting supply stores, floral shops, service stations, etc.), taking photographs of
chemical storage areas can be helpful. On a site-specific basis, removal of some indoor air sources
prior to sampling may reduce indoor source interference with VI sample results.

Indoor air sample data may be necessary from multiple levels of a structure, as well as substructure
sample data, to determine whether indoor air sources may be contributing to indoor air contaminant
concentrations. If concentrations indoors are higher than those below the structure or
concentrations on upper levels are higher than those on lower levels, an indoor source may be
present. However, under this scenario, it is also possible that subsurface contaminants have traveled
via preferential pathways (i.e. plumbing) to an upper level of a building. Indoor sources may
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include contributions from attached garages. If VI and indoor sources are both contributing to
indoor air concentrations, mitigation may be necessary to reduce the indoor air concentrations by
removing the amount contributed by the subsurface contaminant source. In cases where indoor
sources may be contributing to elevated vapor concentrations, DEQ can assist the property owner
regarding ways that they can reduce these concentrations.

In August 2012, DEQ published the results of its indoor air sampling investigation of 50 non-
smoking residential homes across Montana in both rural and urban areas to determine “typical”
background indoor air quality in the state (DEQ, 2012). The results of the Montana Typical Indoor
Air investigation can be used to evaluate indoor air sample results in the context of indoor air levels
typically found in Montana homes not impacted by vapor intrusion.

7.1.10 The Potential Contribution of Outdoor Sources

Ambient outdoor air samples should be collected every day that indoor air samples are collected.
Ambient outdoor air concentrations may impact indoor air concentrations. However, VI sites in
Montana have shown that indoor air concentrations are not always as high as outdoor
concentrations. Therefore, ambient outdoor air concentrations should not simply be subtracted from
indoor air concentrations. The contribution of outdoor ambient air concentrations should be
considered on a site-specific basis as part of the evaluation of indoor air concentrations.

7.1.11 Quantitation Limit Comparison to Screening Levels

Laboratory LOQs for indoor air and soil vapor samples should be low enough so that the data may
be used to determine whether screening levels are exceeded and so that samples collected from
below the structure may be compared to those collected from inside. Laboratories should provide
limits of quantitation (LOQ)when reporting non-detect values. Please work with the laboratory up
front to ensure the laboratory reports non-detect values properly. In the event a laboratory has
reported some other reporting limit or detection limit, many times the sampler can ask the
laboratory to provide the sample quantitation limits in a new report.

If a chemical LOQ is not low enough to compare directly to screening level, changes to sample
collection and/or analytical techniques may be needed and resampling should occur. Please refer to
Sections 3.6 regarding the potential need to resample, Sections 4.3 and 4.7.1 for potential sample
collection equipment changes, Section 4.7.1.3 for potential tracer changes, and Section 5.1.1 for
potential analytical changes. Each of these sections provide guidance on which preferred process
generally results in lowered LOQs. Consultation with the laboratory may also provide insights regarding
means of achieving lower LOQs.

For some chemicals, it may not be possible to achieve LOQs lower than applicable screening levels. In
these cases, it is important to understand whether the chemical is a COC for the particular site or release,
and if it is not, then it need not move further through the screening process. If the chemical is a COC for
the site, then it may be necessary to use the full detection limit for screening purposes and provide a
discussion of risk from this compound in the uncertainty section of the reporting document.
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7.1.12 Contaminant Ratios in Various Media (e.g., Indoor Air, Soil Vapor, Groundwater, etc.)

The presence and concentrations of various contaminants in various media at the site may be
evaluated relative to other media at the site. For example, if the predominant contaminant in soil
vapor at a site is PCE with lower concentrations of TCE, then one can expect that the same relative
concentrations would be found in indoor air impacted by VI from soil vapor. If TCE concentrations
in indoor air exceed those of PCE, an indoor source likely exists. It is important to consider
whether other lines of evidence indicate that a subsurface contaminant source may also be
impacting indoor air at unacceptable levels. Removal of potential indoor sources and resampling
may resolve these issues. When considering ratios of COPCs in groundwater relative to soil vapor
and indoor air, it is important to recognize that the partial pressure of a volatile solute is dependent
upon both the mole fraction (concentration) of the compound and the vapor pressure of the
compound. For example, while TCE and PCE could be present in groundwater at equimolar ratios
([TCE] = [PCEY]), the vapor pressure of TCE (approximately 58 mmHg) is more than three times
greater than that of PCE (approximately 18.5 mmHg) and would result in TCE being a more
prevalent constituent in the soil vapor directly above the contaminated groundwater.

7.1.13 Sampling Results from Nearby Structures

When questions exist regarding vapors within a particular structure, sampling results may be
evaluated from nearby structures to help resolve these questions. For example, it may not be
possible to collect a substructure soil vapor sample from a particular structure. In such a case,
substructure soil vapor from nearby structures (as well as other lines of evidence) may be
considered in determining whether indoor air concentrations in a structure are potentially
attributable to subsurface contamination.

7.1.14 Modeling

For initial site screening, the EPA’s VISLs should be used. Modeling results using the currently
available EPA Vapor Intrusion Model (EPA 2004, initially developed by Johnson and Ettinger) may
be appropriate in limited circumstances. The current model likely either over or underestimates VI
impacts and does not always provide a reliable prediction of actual conditions. The model should
only be used where no reasonable alternative is available. Model results may not be considered as
conclusive evidence regarding VI.

7.1.15 Evidence of Biodegradation

Data regarding the fixed gasses (oxygen, carbon dioxide, methane, nitrogen, and hydrogen) in sub-
slab and soil vapor samples may be needed to verify biodegradation of contaminants in the vadose
zone. This information along with relative concentrations of various contaminants in one media
compared to concentrations in other media may be useful to determine whether degradation of
vapors may be occurring at a rate that may inhibit V1.

Compound specific isotopic analysis may be able to provide data to show whether these
contaminants are being biodegraded versus attenuated by dilution, absorption, and other physical
factors (ITRC, 2011).
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7.1.16 Averaging Sample Results Not Acceptable

Averaging of sub-slab soil vapor concentrations is not acceptable because averaging does not
represent potential worst case, and averaging is not the most protective of human health. Decisions
regarding VI should be made on reasonable maximum exposure concentrations. All the sub-slab
data collected should be considered in VI decision making, but the highest sub-slab soil vapor
concentration is typically used for regulatory decisions. Please verify the appropriate number of
sub-slab samples needed with the DEQ technical contact.

7.1.17 Professional Judgment

DEQ may consider any other information available for a site using professional judgment to
determine whether V1 is occurring.

7.1.18 Uncertainty

Uncertainty is inherent in the V1 investigation process. The higher the degree of uncertainty
associated with a given VI investigation, the more conservative the risk management decision-
making should be in order to protect public health. The collection of additional data to address
uncertainties is recommended.

7.2 DEQ Vapor Intrusion Decision-making Flowcharts

Appendix B provides VI decision-making flowcharts for use once indoor air and substructure
sample results are available. There is one decision-making process for the first round of samples
where many paths lead to resampling. The second flowchart is for the second round of samples and
the paths lead to a given decision, typically either mitigation or no further VI action. These
flowcharts pertain to the VI pathway only and are not meant to result in a comprehensive
determination that no further remedial action is needed at a contaminated site. These flowcharts are
meant to incorporate the decision-making process described above but are not necessarily inclusive
of all factors that may be considered in site-specific decision making.

A note included on the flowcharts refers to significant differences. When a great deal of data is
available, it may be possible to use statistics to determine whether differences between populations
are significant. However, with VI data, one may be comparing one indoor air sample with another
indoor air, ambient outdoor air, or substructure sample. In this case, the use of statistics may not be
appropriate. In terms of the flowchart, “significant” typically means an order of magnitude or more.
However, there may be situations where it is appropriate to conclude V1 is occurring even when the
difference is less than an order of magnitude. For example, where a sub-slab concentration is 15
pg/m?® and the associated indoor air concentration is 3 pg/m?, this information along with other
available lines of evidence may lead to the conclusion that V1 is occurring. The same conclusion
might not be drawn where a sub-slab concentration is 3 pug/m?® and the indoor air concentration is
0.6 pg/m3. 1t is important to remember the determination of significance is only one piece of
evidence among the multiple lines of evidence that are considered. Resampling may be very
helpful in situations where the determination of significance is unclear.
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The term “habitable” is included on the second flowchart. Crawlspaces, root cellars, and other very
small subsurface levels of a structure are not considered habitable unless evidence exists that people
do spend a reasonable amount of time on that level.

8.0 Mitigation and Property Development

Once a VI pathway is found to be complete and assuming DEQ has determined that action to
interrupt the VI pathway is necessary, mitigation techniques need to be considered. Mitigation
interrupts the VI pathway either by preventing contaminated soil vapors from entering the structure
or by removing or treating the vapors that are inside the structure. These methods are used as a
response to VI until the contaminant source causing V1 to occur has been effectively remediated and
the system is no longer needed to ensure protection of public health. Individual regulatory
programs may have specific requirements for selecting remedial alternatives; please consult with
the DEQ technical contact for the site to ensure the appropriate requirements are met.

The techniques for mitigating VI are similar to those used for mitigating methane and radon
intrusion. The options available are different for existing and proposed structures and are discussed
in detail below. The goal of this section is to provide readers with information on:

various widely accepted mitigation techniques;

installation and design of mitigation systems;

post-mitigation testing;

operation, maintenance, and monitoring (OM&M) of mitigation systems; and
termination of mitigation system operations.

For more detailed information regarding the different mitigation strategies presented in this section,
please refer to the 2020 Interstate Technology Regulatory Council (ITRC) Technical Resources for
Vapor Mitigation Training (ITRC, 2020), 2009 California Environmental Protection Agency
Department of Toxic Substances Control Vapor Intrusion Mitigation Advisory (DTSC, 2011B) or
the 2008 EPA Engineering Issue Indoor Air Vapor Intrusion Mitigation Approaches (EPA, 2008b)
documents referenced at the end of this guidance document.

8.1 Methods of Mitigation

The appropriate method of mitigation may largely depend on the construction of a structure’s
foundation. However, most frequently this mitigation strategy will involve sealing any potential
infiltration points and actively manipulating the pressure difference between the interior and
exterior of the structure on a continuous basis. In circumstances where a structure may have more
than one foundation design feature (such as a partial crawlspace and partial concrete basement),
more than one method of mitigation may be necessary.

Mitigation systems that achieve depressurization of the sub-slab or subsurface beneath a structure

relative to the structure’s indoor air to prevent infiltration of soil vapor to indoor air are preferred.

However, in certain circumstances there may be site-specific or structure-specific conditions under
60



which alternative mitigation methods (such as indoor air treatment, heating, ventilating, and air
conditioning (HVAC) modification, or increased ventilation) may be necessary. The DEQ technical
contact should be consulted prior to the installation of any system.

It is critical to recognize that depressurization systems may compete with the proper venting of
fireplaces, wood stoves, and other combustion or vented appliances (e.g. furnaces, clothes dryers,
and water heaters), resulting in the accumulation of exhaust gases in the structure and the potential
for carbon monoxide poisoning. Therefore, in structures with natural draft combustion appliances,
the structure should be tested for backdrafting of the appliances. Backdrafting conditions should be
considered and addressed as part of the process of selecting a mitigation technology.

8.1.1 Existing Structures

Options for mitigation of existing structures are more limited than those for a proposed structure.
For an existing structure, a system should be designed based on the options and limitations
presented by the standing structure. For example, it may not be cost effective to put a vapor barrier
underneath an existing structure while a vapor barrier is easily incorporated into the construction of
a new structure. The most common mitigation technique for existing construction is subsurface
depressurization (EPA, 2008b).

Subsurface depressurization prevents soil vapors from entering a structure by creating a vacuum
underneath the structure. Active subsurface depressurization systems use a fan to create an area of
negative air pressure beneath a structure and outside of the foundation. This negative pressure, or
vacuum, draws soil vapor from an extraction point underneath a structure into a vertical pipe that
discharges the treated or untreated soil vapor to the atmosphere. For larger structures or structures
where the subsurface soils limit the vacuum radius of influence, additional extraction points and/or
fans may be necessary to effectively mitigate VI (EPA, 2008b). Information on the different sub-
surface techniques is provided below.

For any treatment system where, subsurface vapors are actively emitted to the atmosphere, DEQ
will generally expects the treatment of the effluent vapors, at least initially, with an appropriate
media such as granular activated carbon. Please refer to DEQ’s Effluent Vapor Modeling Guidance
(DEQ, 2020) for additional information on evaluating and demonstrating whether treatment of
effluent vapors from remediation systems is necessary prior to effluent discharge to the atmosphere.

8.1.1.1 Sub-Slab Depressurization

Sub-slab depressurization (SSD) can be used in any structure where a concrete slab is present, either
slab-on-grade or a basement with foundation. Sub-slab depressurization systems are designed to
prevent contaminated soil vapors from entering the structure. A suction point, a 4.5 to 6 inch
diameter hole, is created by drilling through the slab, and removing sufficient soil to create a pit 6 to
18 inches deep and 12 to 36 inches in diameter depending on soil conditions. After this sub-slab
soil is removed from the suction point, a perforated PVC pipe is installed into the hole. Additional
PVC pipe material is connected, and a fan is attached to the piping outside of the living spaces or in
a closet or utility corridor. A vacuum is applied to the PVC pipe to extract soil vapor from beneath
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the slab. Cracks or holes in the structure slab should be sealed to maintain vacuum beneath the slab.
Extracted soil vapor is vented to the atmosphere at a point that is above the eave of the roof, ten feet
or more from ground level, ten feet or more from any window, door, or other opening into the
structure located less than two feet below the exhaust point, and ten feet or more from any opening
into an adjacent structure. The number of suction points necessary depends on the structure size,
configuration, and the sub-slab material. Sub-slab depressurization systems create a measurable
field of negative pressure beneath the entire structure slab for the effective interruption of a VI
pathway (DTSC, 2011b)

8.1.1.2 Sub-Membrane Depressurization

Sub-membrane depressurization (SMD) may be used for structures with an earthen floor such as in
an unfinished earthen basement or a crawlspace. A soil vapor retarder consisting of plastic sheeting
or other suitable membrane material is installed over the earthen floor and sealed against the
structure, forming a barrier to prevent vapors from entering the structure. This membrane is
installed in conjunction with a depressurization system similar to that used in the sub-slab system.
A suction pit is installed beneath the membrane in the same fashion as that used in a sub-slab
depressurization system. A negative pressure field is created under the barrier similar to that
created by a sub-slab depressurization system. Piping may also be installed in various ways, such
as a system of horizontal pipes laid underneath the barrier to create a larger extraction area in a
large structure. The exhaust point of this system is located according to the same criteria as in a
sub-slab depressurization system (DTSC, 2011b).

8.1.1.3 Block Wall Depressurization

If a structure was built with a block wall as the foundation, block wall depressurization can be used.
This mitigation method involves inserting piping into the void spaces in the blocks and attaching
those pipes to a fan to create a negative pressure field in the wall. Openings at the top of the wall
and any other cracks or openings in the wall should be sealed. This technique does not create a
negative pressure under the slab and is usually used in conjunction with subsurface or sub-
membrane depressurization. The exhaust point of this system should be located according to the
same criteria as in a sub-slab depressurization system (NYSDOH, 2006).

8.1.1.4 Drain Tile Depressurization

If a structure has perforated drain tile installed around the outside of the structure footers to assist
with drainage issues, drain tile depressurization can be used. The fan is attached to the drain tile
system and a negative pressure is applied. If the drain tile is attached to a sump pit in the basement,
the sump pit is sealed, and the vacuum is applied to the sump. If the drain tile is attached to an
external collection point, then the vacuum is applied to the drain tile loop at an external location.
The exhaust point of this system should be located according to the same criteria as in a sub-slab
depressurization system (NYSDOH, 2006).
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8.1.1.5 Site Remediation Technologies (Soil Vapor Extraction)

While mitigation techniques are used in conjunction with remedial activities at the site, certain
remedial activities can be used to mitigate VI. Primarily, soil vapor extraction (SVE) systems can
be designed in such a way to assist with the mitigation of VI. SVE systems use vertical and/or
horizontal extraction points throughout a site to collect and remove contaminated soil vapor by
using high flow rates to create a large vacuum. The system can be designed such that the radius of
influence reaches underneath structures, or if a structure is outside of the contaminated subsurface
but within the halo of contaminated soil vapor, SVE extraction points can be put in place to collect
these vapors before they can reach the structure (NYSDOH, 2006).

8.1.1.6 Indoor Air Purifiers

There is very little information regarding the use of air purification for vapor mitigation. Indoor air
purification directly treats indoor air, including subsurface soil vapors that have migrated into the
indoor air, by passing indoor air through a system that includes adsorbents, scrubbers, catalytic
oxidation, or other air purification. The system can be retrofitted into currently installed HVAC
systems or installed as a standalone system. These techniques may allow for the collection and
treatment of vapors within the structure, though they remain largely unproven to date (DTSC,
2011b).

8.1.1.7 Ventilation

Ventilation allows clean, outside air to enter into the structure and either creates a positive pressure
in the structure or dilutes the concentrations of contaminated soil vapors present in indoor air.

Increased Passive Ventilation

If there are no air quality issues with the ambient outdoor air, the easiest method of ventilation is to
open doors and windows to allow outside air into the structure. The effect will be temporary and
once the windows and doors are closed the contaminated soil vapors may once again increase in
concentration. Also, if only windows in the upper levels of the structure are opened then an
increased stack effect may be created which may result in increased rates of VI (EPA, 2008b).

Crawlspace Ventilation

If a structure is constructed with an enclosed crawlspace, then vapors may build up inside this area.
Passive ventilation can be increased by installing and opening vents on the crawlspace wall.
Ventilation may be performed actively by installing a fan that circulates outside air into and out of
the crawlspace (EPA, 2010). However, the temperature of the outside air should be considered if
freezing of water or sewer pipes is a concern.

Heat Recovery Ventilation

In heat recovery systems, outside air is pulled into the structure through an outside collection point.
This air is then passed through a heat exchanger and warmed with air that is leaving the structure
(EPA, 2010). These systems may be an option for increasing the exchange of outside with inside
air while being cognizant of heating costs.
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8.1.1.8 Building Pressurization

Building pressurization is achieved by adjusting HVAC operation for the structure in such a way
that a positive pressure is created inside of the structure which effectively pushes accumulated soil
vapor below the structure around the outside of the structure foundation. It is necessary that the
effect is achieved on the lower levels of the structure, primarily in levels that are in contact with
soil. Building pressurization can be created with a forced-air HVAC system. For building
pressurization to be achieved, these systems are continually operated. This technique is primarily
used in commercial structures (DTSC, 2011b).

8.1.1.9 Sealing Entryways

When soil vapor concentrations are very high or a concrete slab is relatively thin, soil vapor will
diffuse directly through the concrete. However, in most cases, soil vapors diffuse primarily through
cracks and other openings in a structure slab. To prevent VI, cracks and other openings, such as
where utilities enter the structure, should be sealed. These openings include any exposed earth
surface as well as sumps or other breaks in the foundation or slab. Sealing entryways is typically
used in conjunction with other mitigation techniques (DTSC, 2011b).

8.1.2 Proposed Structures

Proposed (yet to be built) structures offer more options for VI mitigation because the mitigation
system may be installed during the construction of the structure. The first mitigation strategy that
should be considered for a proposed structure is site and location selection. If a structure is
proposed for a site with subsurface soil vapor issues in one part of the site, efforts should be made
to build away from this area of the site. If that is not possible, the mitigation techniques mentioned
in existing structures can be effectively used in proposed structures. For sub-slab depressurization,
additional horizontal piping can be placed underneath the slab to create a vacuum more effectively
for structures with a large footprint. Some other options that are effective for proposed structures
are discussed below.

8.1.2.1 Sub-Soil Venting

Sub-soil venting can potentially be used for existing structures but is best utilized in new
construction. This technique is similar to sub-slab depressurization except that no fan is necessary.
Instead, the system uses thermal and wind effects to draw contaminated vapors from the sub-slab or
sub-membrane area which dilutes the vapors that diffuse into the lower levels of the structure. Sand
or pea-gravel is usually placed underneath the slab to enhance the lateral movement of the soil
vapor underneath the structure to a collection system of lateral piping that then passes the vapor to
the outside of the slab to a vent pipe that travels up the side of the structure and discharges above
roof level according to the same criteria as in a sub-slab depressurization system. A sub-soil
venting system can be designed and installed in such a way that it can be used as a sub-slab
depressurization system with the addition of a fan (EPA, 2010). The design of the system needs to
account for the possibility of downdrafting during cold temperatures.
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8.1.2.2 Sub-Slab Liners

Liners are installed underneath a structure to provide a barrier that pushes the vapors to the outside
of the structure footprint without allowing them to enter through the slab. These liners do not
completely prevent VI due to ease of tears, punctures, and improperly installed seals. In areas with
VI issues, a sub-slab liner can be used in conjunction with other mitigation techniques (DTSC,
2011b).

8.1.2.3 Podium Structure

Structures that are built with a ground level that is open and well vented may not encounter VI
issues due to the amount of ventilation achieved beneath the lowest living level of the structure.
This can be achieved by building structures on top of stilts or similar construction materials. It is
possible with this type of structure that vapors can travel up utilities or other conduits such as
elevator shafts or stairwells from the slab to the floors that are used for living or working space, so
podium style structures should be built with well-sealed utilities or entrance ways to decrease the
potential for VI (DTSC, 2011b).

8.2 Installation and Design of Mitigation Systems

This section provides additional detail regarding procedures for specific mitigation techniques once
a mitigation method has been selected. A comprehensive guide regarding vapor mitigation is
available from the Interstate Technology Regulatory Council (ITRC, 2020).

8.2.1 General Recommendations

Mitigation systems are designed and installed by a professional engineer or environmental
professional. In many cases, radon mitigation contractors may also be qualified to install vapor
mitigation systems.

The mitigation system design should take into account the desired system outcome as well as any
possible effects on indoor air quality, ambient outdoor air quality, and potential impact to air
exchanges inside the structure, including potential back-drafting of combustion devices. Because of
the potential for backdrafting of combustible devices, any mitigated structure with combustion
devices needs to be tested for backdrafting to prevent the potential for carbon monoxide to
accumulate in the structure.

For any treatment system where subsurface vapors are actively emitted to the atmosphere, effluent
vapors, at least initially, should generally be treated with an appropriate media such as granular
activated carbon. Please refer to DEQ’s Effluent Vapor Modeling Guidance (DEQ, 2020) for
additional information on evaluating and demonstrating whether treatment of effluent vapors from
remediation systems is necessary prior to effluent discharge to the atmosphere.

Typically, the responsible party (RP) at the site is responsible for arranging design and installation
activities. All design and installation activities should be documented and reported to DEQ. Once a
mitigation system is installed, an information package should be given to the structure’s owner and
tenants, if applicable, to facilitate their understanding of the system’s OM&M.
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8.2.2 Selecting a Technology

Before a technology can be selected, the extent of VI and the objective of mitigation should be fully
understood. Determining the extent of V1 is discussed in Sections 2 and 3. The objective of
mitigation is to reduce concentrations of contaminants present in indoor air to cleanup levels
determined protective of public health as detailed in this guidance. Mitigation options are evaluated
based on this information and site-specific criteria.

Site-specific considerations include existing or proposed building construction, soil type, and depth
to groundwater. Sandy soils or gravels that have larger void spaces will be more effective for soil
venting and depressurization than clay, which may limit the radius of influence of a SSD or SMD
system’s extraction point. If groundwater levels are too close to the base of the slab, then extraction
systems can pull water into the system, which limits their effectiveness. Often, mitigation systems
can be designed to take into account this type of site-specific criteria.

Building construction information to evaluate when choosing a technology includes the structure
use, size, foundation type, HVAC system, and structure ventilation. All of this information should
be used to determine which mitigation technologies will be the most effective methods to reach
desired indoor air levels.

8.2.3 System Specific Recommendations
The following sub-sections detail basic design and installation guidance for mitigation systems.

8.2.3.1 SEALING

To improve the effectiveness of depressurization and ventilation systems and to limit the flow of
subsurface vapors into the structure, materials that prevent air leakage should be used to seal any
cracks, void spaces, or other openings between the structure and the subsurface. Materials such as
joint sealant, compatible caulking, mortar, grout, expanding foam, gaskets, etc. are often effective in
sealing. Some sealants may contain volatile organic compounds; in some situations, this may be a
consideration in choosing an appropriate sealing material (EPA, 2008b).

8.2.3.2 Soil Vapor Retarder or Membrane

e A minimum of 6 millimeter (or 3 millimeter cross-laminated) polyethylene or equivalent
flexible sheeting material should be used.

e The sheet should cover the entire footprint and be sealed at the seams (with a minimum of a
12-inch overlap) and penetrations, around the perimeter of interior piers and to the
foundation walls.

e Enough of the membrane should be used so it will not be pulled away from the walls when
the depressurization system is operational and the sheet is drawn down.

If a membrane is installed in areas that may have foot traffic, consideration should be given to also
installing a wearing surface such as sand or stone over the top of the membrane to protect its integrity.
A layer of sand may also be placed beneath the membrane to prevent penetrations by rocks or sharp
objects beneath the membrane (NYDOH, 2006).
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8.2.3.3 Depressurization Systems

Performance criteria should be specified in the work plan or design documents for the

system.

Systems should be designed to avoid the creation of other health, safety, or environmental

hazards to structure occupants (e.g. backdrafting of natural draft combustion devices).

The systems should be designed to minimize soil VI effectively while minimizing excess

energy usage, to avoid compromising moisture and temperature controls and other comfort

features, and to minimize noise.

To evaluate the potential effectiveness of a SSD before it is installed, a diagnostic test (also

known as a communication test) should be performed to measure the ability of a suction

field and air flow to extend through the material beneath the slab. This test may be

performed by applying suction at the anticipated location of the suction point, or by applying

suction at a central location. The ability to achieve a negative pressure differential beneath

the entire slab should be evaluated by drilling small diameter holes through the slab at the

corners of the foundation and measuring the pressure differential with a micromanometer or

comparable instrument. Depending on test results, multiple suction points or a more

powerful fan may be necessary to achieve complete depressurization of the sub-slab.

The vent fan and discharge piping should not be located in or below a livable or occupied

area of the structure to avoid entry of extracted subsurface vapors into the structure in the

event of a fan or pipe leak.

To avoid entry of extracted subsurface vapors into the structure, the vent pipe’s exhaust

should be:

— above the eave of the roof

— at least 10 feet above ground level

— at least 10 feet away from any opening that is less than 2 feet below the exhaust point,
and

— 10 feet from any adjoining or adjacent structures, or HVAC intakes or supply registers

Rain caps, if used, should be installed so as not to increase the potential for extracted

subsurface vapors to enter the structure.

The components of the depressurization system should be labeled clearly.

A warning device or indicator such as a liquid gauge or sound alarm should be installed to

alert structure occupants if the system stops working properly. Structure occupants should

be made aware of the warning device or indicator, how to read/understand it, and what to do

if it indicates the system is not operating properly.

Sealing should be used in combination with a depressurization system (NYSDOH, 2006).

8.2.3.4 HVAC systems

If it is not possible to install a depressurization system or if a depressurization system does not
prevent VI, HVAC systems should be evaluated. HVAC systems should be designed, installed, and
operated to avoid depressurization of basements and other areas in contact with the soil (NYSDOH,

2006).
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8.2.3.5 Ventilation

Ventilation systems should be designed to avoid the creation of other health, safety, or
environmental hazards to structure occupants (e.g. backdrafting of natural combustion
appliances).

The discharge point of a ventilation system should be located so as not to cause ventilated
air to re-enter the structure, have an adverse impact on ambient outdoor air, or enter the
indoor air of adjacent structures.

Sealing should be used in combination with enhanced ventilation (NYSDOH, 2006).

8.2.3.6 SVE Systems Used to Mitigate Soil Vapor Intrusion

SVE systems are generally used for remediation of volatile contaminants in the subsurface,
and can have the benefit of mitigating vapor intrusion into buildings. SVE systems are
generally not used for the sole purpose of mitigating vapor intrusion to indoor air.

The systems should be designed to avoid the creation of other health, safety, or
environmental hazards to structure occupants (e.g. backdrafting of natural draft combustion
appliances).

To avoid reentry of soil vapor into the structure(s), the exhaust point should be located away
from the openings of structures and HVAC air intakes. Depending upon concentrations of
volatile chemicals in subsurface vapors and the expected mass removal rate of the system,
treatment (e.g. granular activated carbon) of the SVE system effluent may be necessary to
minimize ambient outdoor air impact.

The SVE system’s radius of influence should adequately address structures requiring
mitigation, as well as subsurface contaminant sources requiring mitigation. The SVE
system radius of influence should extend completely beneath the footprint of any structure
requiring mitigation (NYSDOH, 2006).

8.3 Post-Mitigation Confirmation Testing

Once a mitigation system is installed, its effectiveness and proper installation should be confirmed.
The RP is responsible for conducting post-mitigation testing. Objectives of post-mitigation
confirmation are provided in the following subsections.

8.3.1 Depressurization Mitigation Systems (including SSD and SMD systems)

Cracks or leaks in the slab or membrane should be identified and sealed. While the
mitigation system is operating, smoke tubes may be used to check for leaks through concrete
cracks, floor joints, and at the suction point.

Once a depressurization system is installed, it should be tested to ensure its operation does
not compete with the proper venting of fireplaces, wood stoves, and other combustion or
vented appliances (e.g. furnaces, clothes dryers, and water heaters). Backdrafting conditions
should be recognized and addressed before installation of the system, and corrected before
the depressurization system is placed in operation.

The distance that a pressure change is induced in the sub-slab area (i.e. pressure field
extension test) should be evaluated. Similar to a communication test, the pressure field
extension test is conducted by operating the depressurization system and monitoring the
pressure differential between the indoor air and the sub-slab soil vapor at the furthest points
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of the slab with a digital micromanometer or comparable instrument. The pressure field
extension test needs to demonstrate complete depressurization of the structure footprint. In
SMD systems, this may be verified visually by observing the membrane forced downward
while the system is operating. The pressure field extension test should be performed
immediately after system installation, following modifications to the system, or during
routine system inspections.

Proper operation of the warning device or indicator should be confirmed.

Post-mitigation indoor and ambient outdoor air sampling should be conducted 30 days after
the installation of the mitigation system according to the plan approved by DEQ (NYSDOH,
2006). If the system is functioning as designed, and indoor air sampling shows that
contaminant concentrations are unacceptable, then indoor air sources of contamination or
other pathways should be further evaluated.

8.3.2 HVAC Modifications

The structure should be evaluated for a positive pressure condition (verify pressure
differential between sub-slab and indoor air using a digital micromanometer or similar
device).

Backdrafting conditions should be evaluated and corrected (as discussed above).

Proper operation of the warning device or indicator should be confirmed.

Post-mitigation indoor and ambient outdoor air sampling should be conducted (see above)
(NYSDOH, 2006). If performance monitoring of a building indicates that positive pressure
is maintained but indoor air sampling shows contaminant concentrations are unacceptable,
then indoor air sources of contamination or other pathways should be further evaluated.

8.3.3 Ventilation

Any leaks or cracks between the ventilated area and the livable spaces not previously found
during mitigation system design/installation should be identified and sealed. Leaks between
the ventilated area and livable spaces may be identified through the use of smoke tubes.
Backdrafting conditions should be evaluated and corrected (as discussed above).

Proper operation of the warning device or indicator should be confirmed.

Post-mitigation indoor and ambient outdoor air sampling should be conducted (see above)
(NYSDOH, 2006).

8.3.4 SVE Systems Used to Mitigate Soil VI

Backdrafting conditions should be evaluated and corrected (as discussed above).

The pressure differential between the subsurface and indoor air environment should be
evaluated in a similar fashion as discussed for depressurization systems. The SVE system
should demonstrate that a vacuum is being created beneath the entire structure.

Proper operation of the warning device or indicator should be confirmed.

Post-mitigation indoor and ambient outdoor air sampling should be conducted (see above)
(NYSDOH, 2006).
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8.4 Operation, Maintenance, and Monitoring of Mitigation Systems

When mitigation systems are installed at a site, the OM&M for the mitigation systems should be
included in a site-specific mitigation system management plan. The RP conducts OM&M activities
and develops the management plan. Recommendations for minimum OM&M activities associated
with specific mitigation methods are provided below.

Typically, mitigation systems should be monitored quarterly for the first year of operation, semi-
annually for the second year of operation, and annually thereafter. Monitoring of systems should
include a visual inspection of the complete system (including the fan, piping, extraction point,
warning device, soil vapor retarder membrane, etc.), verification of complete depressurization of the
sub-slab (if applicable), identification and repair of any leaks in the structure slab or the mitigation
system itself, and inspection of the exhaust or discharge point to verify no air intakes have been
located nearby.

The OM&M plan should also include a schedule for testing and sampling the effectiveness of any
effluent treatment component of the system (granular activated carbon units, etc.), as well as a
description of triggers for change-out and replacement of the treatment media.

Any appropriate preventative maintenance (e.g. replacing fans), repairs, or adjustments should be
made to the system to ensure its continued effectiveness at mitigating exposures related to VI.

If significant changes are made to the system or if the system’s performance is unacceptable, the
system may need to be redesigned and restarted. In this scenario, the post-mitigation testing
activities described in Section 8.3 may need to be repeated. Also, additional indoor air sampling
may be needed.

8.5 Termination of Mitigation Systems Operations

At some point, operation of a mitigation system may no longer be needed. Mitigation systems
should not be turned off until all relevant factors are considered. These factors may include, but are
not limited to:

e If subsurface sources of volatile chemical contamination have been remediated based upon
an evaluation of appropriate post-remedial sampling results;

e If residual contamination, if any, in subsurface vapors is not expected to affect indoor air
quality significantly based upon soil vapor and sub-slab vapor sampling results;

e If residual contamination, if any, in subsurface vapors is not affecting indoor air quality
when active mitigation systems are turned off based upon indoor air, ambient outdoor air,
and sub-slab vapor sampling results; and

e If there is no “rebound” effect for which additional mitigation efforts would be appropriately
observed when the mitigation system is turned off for prolonged periods of time. This
determination may be based upon indoor air, ambient outdoor air, and sub-slab vapor
sampling from the structure over a time period determined by site-specific conditions.

70



Given the prevalence of radon throughout Montana, consideration should be given to leaving the
system in place and transferring responsibility of its operation to the property owner in order to
prevent exposure to radon gas intrusion. This action should be done with the permission of the
property owner and after the property owner is aware of their responsibilities in operating,
monitoring, and maintaining the system for this specific purpose.

The decision-making process for determining when it is acceptable to turn off a mitigation system
will be likely be site-specific due to the variability between sites, buildings, and situations.

8.6 Institutional Controls

An institutional control may be established within the limits of the area of potential VI impacts to
address future use of the overlying land. Depending on the degree of contamination and other site-
specific factors, current (and potentially future) structures or environmental media may be
monitored to assess any VI risk. Building construction can incorporate remedial designs to
eliminate or address the VI pathway. Engineering controls may be appropriate based on the results
of the remedial investigation, current or future land use and site conditions. Refer to EPA (2015a)
for an extensive discussion of VI-related ICs.

8.6.1 Property Development and Land Use Control

When VI mitigation at a structure is necessary, the need for mitigation should be included in an
institutional control (e.g., Covenant to Restrict Use of Property or Environmental Restriction). It
may include other institutional controls with prescribed notifications, prohibitions, restrictions and
requirements that are utilized to ensure OM&M and disclosure of the risks, restrictions, and
requirements to future buyers and occupants. The following provisions may be included in the
covenant:

¢ Notice of the existing conditions known to the environmental agency that may cause

potential unacceptable risk from VI,

Prohibition against specific uses of the property;

Prohibition against interference with the VI mitigation system;

Prohibition against activities that will disturb impacted soil;

Notification of structure modifications;

Right of access to the property for the RP and DEQ to inspect, monitor, and perform other

activities relative to the VI mitigation system; and

e Right of access to the property for the party responsible for implementing the OM&M
activities relative to the VI mitigation system.

71



9.0 References

Abreu, L.D.V. and P.C. Johnson, 2006. Simulating the Effect of Aerobic Biodegradation on Soil
Vapor Intrusion. Environmental Science and Technology. 40(7): 2304-2315.

Abreu, Lilian. D.V., Robert Ettinger, and Todd McAlary, 2009. Simulated Soil Vapor Intrusion
Attenuation Factors Including Biodegradation for Petroleum Hydrocarbons. Groundwater
Monitoring & Remediation. 29(1): 105-117. March.

Air Toxics LTD, 2007. Guide to Air Sampling & Analysis. Canisters and Tedlar Bags. March.
(http://www.airtoxics.com/literature/AirToxicsLtdSamplingGuide.pdf)

Air Toxics LTD, 2008. Sorbent & Solution Sampling Guide. April.
(http://www.airtoxics.com/literature/AirToxicsLtdSorbentGuide.pdf)

ASTM (American Society for Testing and Materials), 2006. D1946 - 90(2006) Standard Practice
for Analysis of Reformed Gas by Gas Chromatography.

ATSDR. 2016. Evaluating Vapor Intrusion Pathways, Guidance for ATSDR’s Division of
Community Health Investigations. Agency for Toxic Substances and Disease Registry.
October 31, 2016.

Davis, G.B., B.M. Patterson, and M.G. Tefry, 2009. Biodegradation of Petroleum Hydrocarbon
Vapors, Technical Report No. 12, Cooperative Research Centre for Contamination
Assessment and Remediation of the Environment, CISRO Land and Water. March.

Davis, G.B., M.G. Tefry, and B.M. Patterson, 2004. Petroleum and Solvent Vapors: Quantifying
their Behavior, Assessment and Exposure. A report to the Western Australian Department
of Environment, CISRO Land and Water. July.

Davis, G.B., J.L. Rayner, M.G. Trefry, S.J. Fisher, and B.M. Patterson, 2005. Measurement and
Modeling of Temporal Variations | Hydrocarbon Vapor Behavior in a Layered Soil Profile.
Vadose Zone Journal, 4: 225-239. April.

DEQ (Montana Department of Environmental Quality), 2018a. Voluntary Cleanup and
Redevelopment Act Application Guide. May.

DEQ, 2018b. Montana Risk-Based Corrective Action Guidance for Petroleum Releases. May.

DEQ, 2009a. DEQ letter to BNSF regarding dispute resolution, including the following
attachments. June 8, 2009.

DEQ, 2009b. DEQ letter to BNSF regarding record for dispute resolution, including the following
attachments. June 12, 2009.

72


http://www.airtoxics.com/literature/AirToxicsLtdSorbentGuide.pdf

DEQ, 2012. Typical Indoor Air Concentrations of Volatile Organic Compounds in Non-Smoking
Montana Residences Not Impacted by Vapor Intrusion, A Montana Indoor Air Quality
Investigation. August.

DEQ, 2020. Effluent Vapor Modeling Guidance. April.

DeVaull, G.E., 2007. Indoor vapor intrusion with oxygen-limited biodegradation for a subsurface
gasoline source. Environmental Science and Technology. 41(9): 3241-3248.

DTSC, 2008. Response to Public Comments Department of Toxic Substances Control Guidance for
the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor Air — Interim Final.
June.

DTSC, 2011a. Guidance for the Evaluation and Mitigation of Subsurface Vapor Intrusion to Indoor
Air. October.

DTSC, 2011b. Vapor Intrusion Mitigation Advisory. October.

DTSC, 2015 (California Environmental Protection Agency Department of Toxic Substances
Control) Advisory — Active Soil Gas Investigations. July.

EPA (United Stated Environmental Protection Agency), 1989. Risk Assessment Guidance for
Superfund Volume | Human Health Evaluation Manual (Part A). December.

EPA, 1992. Air/Superfund National Technical Guidance Series: Assessing Potential Indoor Air
Impacts for Superfund Sites. Office of Air Quality Planning and Standards. Research
Triangle Park. North Carolina. September.

EPA, 1996. 3C — Determination of Carbon Dioxide, Methane, Nitrogen, and Oxygen from
Stationary Sources. June.

EPA, 1999a. Determination of Volatile Organic Compounds in Ambient Air Using Active
Sampling Onto Sorbent Tubes. January. (EPA/625/R-96/010b)

EPA, 1999b. Determination of Volatile Organic Compounds (VOCSs) In Air Collected In Specially-
Prepared Canisters and Analyzed By Gas Chromatography/Mass Spectrometry (GC/MS).
January (EPA/625/R-96/010b.

EPA, 2002. USEPA Office of Water. Permeation and Leaching. August.

EPA, 2004. User's Guide for Evaluating Subsurface Vapor Intrusion into Buildings. Office of
Emergency and Remedial Response. Washington, D.C. February.

EPA, 2005. Review of Recent Research on Vapor Intrusion. Office of Research and Development.
Washington, D.C. September.

73



EPA, 2008b. Engineering Issues: Indoor Air Vapor Intrusion Mitigation Approaches. (EPA 600-
R-08-115). October.

EPA, 2009a. Regional Screening Levels. (https://www.epa.gov/risk/regional-screening-levels-
1sls)

EPA, 2009b. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual (Part F, Supplemental Guidance for Inhalation Risk Assessment). January.

EPA, 2010. Consumer’s Guide to Radon Reduction: How to Fix your Home. (EPA 402/K-10/002)
January.

EPA, 2015a. OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway
from Subsurface Vapor Sources to Indoor Air. US Environmental Protection Agency, Office
of Solid Waste and Emergency Response. OSWER Publication 9200.2-154. June.

EPA, 2015b. Technical Guide for Addressing Petroleum Vapor Intrusion at Leaking Underground
Storage Tank Sites. U.S. Environmental Protection Agency, Office of Underground Storage
Tanks, Washington, D.C. (EPA 510-R-15-001). June.

EPA, 2016. USEPA Hazardous Waste Support Section, Analysis of Volatile Organic Compounds
in Air Contained in Canisters by Method TO-15, SOW No. HW-31, Revision 6, September.

EPA, 2017. USEPA Contract Laboratory Program National Functional Guidelines for Organic
Data Review (SOMO02.4), (EPA-540-R-2017-002), January.

EPA, 2018. Leak, Purge, and Gas Permeability Testing to Support Active Soil Gas sampling. (EPA
600/R-18/225). October.

EPA, 2020a. Measuring Temperature as an Indicator for Vapor Intrusion (V1) Studies. EPA Science
In Action draft/interim fact sheet.
https://iavi.rti.org/assets/docs/Temp _Measurement Fact _Sheet_int.pdf

EPA 2020b. Measuring Pressure (Differential and Barometric) as a Vapor Intrusion (V1) Indicator.
EPA Science In Action draft/interim fact sheet.
https://iavi.rti.org/assets/docs/Pressure Measurement Fact Sheet Int.pdf

EPA 2020c. Measuring Radon as a Vapor Intrusion (V1) Tracer or Surrogate. EPA Science In
Action draft/interim fact sheet.
https://iavi.rti.org/assets/docs/Radon_methods_fact _sheet_int.pdf

EPA, 2020d. USEPA Contract Laboratory Program National Functional Guidelines for Organic
Data Review (EPA-540-R-20-005), November.

74


https://www.epa.gov/risk/regional-screening-levels-rsls
https://www.epa.gov/risk/regional-screening-levels-rsls
https://iavi.rti.org/assets/docs/Temp_Measurement_Fact_Sheet_int.pdf
https://iavi.rti.org/assets/docs/Pressure_Measurement_Fact_Sheet_Int.pdf
https://iavi.rti.org/assets/docs/Radon_methods_fact_sheet_int.pdf

Fischer, M.L., Bentley, A.J., Dunkin, K.A., Hodgson, A.T. Nazaroff, W.W., Sextro, R.G. and J.M.
Daisey, 1996. Factors affecting indoor air concentrations of volatile organic compounds at a
site of subsurface gasoline contamination, Environmental Science and Technology, 30 pp.
2498-2957.

Golder Associates Ltd. (Golder), 2006. Final Draft Report. Guidance on Site Characterization for
Evaluation of Soil Vapor Intrusion into Buildings. Submitted to Science Advisory Board
Contaminated Sites in British Columbia. April.

Hawai’i Department of Health Technical Guidance Manual (HTGM), 2009. Technical Guidance
Manual for the Implementation of the Hawai’i State Contingency Plan, Interim Final. June.

Hers, lan, J. Atwater, L. Li, R. Zapf-Gijle, 2000. Evaluation of vadose zone biodegradation of BTX
vapors. Journal of Contaminant Hydrology, 46: 233-264.

H&P Mobile Geochemistry, 2003. How to Collect Reliable Soil-Gas Data for Upward Risk
Assessments. Lust Line Bulletin 44.

Indiana Department of Environmental Management (IDEM), 2006. Draft Vapor Intrusion Pilot
Program Guidance. April.

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

ITRC (Interstate Technology Regulatory Council), 2011. Compound Specific Isotope Analysis,
EDM Team Fact Sheet. November.
https://www.itrcweb.org/documents/team_emd/CSIA_Fact_Sheet.pdf

ITRC (Interstate Technology Regulatory Council), 2014. Petroleum Vapor Intrusion Fundamentals
of Screening, Investigation, and Management. October.

ITRC (Interstate Technology Regulatory Council), 2020. Technical Resources for Vapor
Mitigation Training. December.

Lahvis, M.A., I. Hers, R.V. Davis, J. Wright, and G.E. DeVaull. 2013. Vapor Intrusion Screening at
Petroleum UST Release Sites. Groundwater Monitoring and Remediation 33(2):53-67.

Lundegard, Paul D., P.C. Johnson, and P. Dahlan, 2008. Oxygen Transport From the Atmosphere
to Soil Gas Beneath a Slab-on-Grade Foundation Overlying Petroleum-Impacted Soil.
Environmental Science & Technology 45(15), pp 5534-5540.

Luo, E.P., P. Dahlen, P.C. Johnson, T. Peargin, and T. Creamer, 2009. Spatial Variability of Soil

Gas concentrations Near and Beneath a Building Overlying Shallow Petroleum
Hydrocarbon-Impacted Soils. Ground Water Monitoring and Remediation 29(1): 81-91.

75


https://www.itrcweb.org/documents/team_emd/CSIA_Fact_Sheet.pdf

MADEP (Massachusetts Department of Environmental Protection), 2002. Indoor Air Sampling and
Evaluation Guide. (WSC Policy #02-340). April.

MADEP, 2009. Method for the Determination of Air-Phase Petroleum Hydrocarbons (APH).
December. https://www.mass.gov/doc/massdep-aph-method-december-2009/download

Massmann, Joel and Farrier D.F., 1992. Effects of Atmospheric Pressures on Gas Transport in the
Vadose Zone. Water Resources Research, 28(3): 777-791. March.

McAlary, T., P. Nicholson, D. Bertrand, L. Abreau, and R. Ettinger. 2007. A Case Study on the
Influence of Aerobic Biodegradation on VVapor Intrusion at a Former Refinery Property.
Platform Presentation at the Air and Waste Management Association’s Specialty Conference
on Vapor Intrusion. September. Providence Rhode Island.

NJDEP (New Jersey Department of Environmental Protection), 2005. Vapor Intrusion Guidance.
Site Remediation and Waste Management Program. October.

NYSDOH (New York State Department of Health), 2006. Guidance for Evaluating Soil VVapor
Intrusion in the State of New York. Troy, N.Y.: Center for Environmental Health, Bureau of
Environmental Exposure Investigation. October.

ODEQ (Oregon Department of Environmental Quality), 2010. Guidance for Assessing and
Remediating Vapor Intrusion in Buildings. Final. March.

Ostendorf, D.W., S.C. Long, T.H. Schoenberg, and S.J.Pollock, 1996. Aerobic Biodegradation of
Petroleum Contaminated Soil: Simulations from Soil Microcosms. Transportation Research
Record, Vol. 1546, pp. 121-130.

Pasteris, G., D. Werner, K. Kaufmann, and P. Hohener, 2002. Vapor phase transport and
biodegradation of volatile fuel compounds in the unsaturated zone: A large scale lysimeter
experiment. Environmental Science and Technology 36, pp 30-39.

Roggemans, S., C.L. Bruce, and P.C. Johnson, 2001. Vadose Zone Natural Attenuation of
Hydrocarbon Vapors: An Empirical Assessment of Soil Gas Vertical Profile Data. API
Technical Bulletin No. 15. American Petroleum Institute, Washington, DC.

Schuver, H., Lutes, Holton, Kurtz, Schumacher, Zimmerman, and Truesdale, 2019. Introduction to
Measurement-Based Methods for Protective and Defensible Chlorinated VI Exposure
Determinations, Workshop to Incorporate Regulatory Perspectives, AEHS East Coast
Conference, Amherst, Massachusetts. October 22, 2019.

Sanders, P.F. and I. Hers, 2006. Vapor Intrusion in Homes Over Gasoline Contaminated

Groundwater in Stafford, New Jersey. Groundwater Monitoring and Remediation. (26):1 pp
63-72.

76


https://www.mass.gov/doc/massdep-aph-method-december-2009/download

Vescio, J., 2005. Update on EPA’s Petroleum Vapor Intrusion Work Group Activities. Petroleum
Vapor Intrusion Workshop; National Ground Water Association; Petroleum Hydrocarbon
and Organic Chemicals in Ground Water.

Wisconsin, 2014. Sub-Slab Vapor Sampling Procedures RR-986. Wisconsin Department of
Natural Resources, July 2014.

77



APPENDIX A



APPENDIX A

Montana Department
of Environmental Quality

COMMERCIAL / INDUSTRIAL BUILDING QUESTIONNAIRE

Indoor Air Assessment Survey

Date: Survey / questionnaire completed by:
1. Contact Name:
Address: City: State: Zip:
Phone 1: Phone 2: Cell Phone:
2. What is the best time to call to speak with you?
3. Are you the Owner [], Renter [], Other [] (please specify) of

this Building/Structure? If you are not the owner, please provide owner contact information

Owner Name:

Address: City: State: Zip:
Phone 1: Phone 2: Cell Phone:

4, Total number of occupants/persons at this location?
Number of Children Ages

5. How long have you occupied this location?

How many days per week is the building occupied?

How many hours per day is the building occupied?

General Building / Structure Description

6. Type of Building/Structure (check only one): Single Business [_], Multiple Businesses [ ],
Other

7. Building/Structure Description:
Number of floors: Area /square footage of main or ground floor: square feet
Basement [] Area /square footage of Basement: square feet
Crawlspace [] Area /square footage of Crawlspace: square feet
Partial crawlspace/basement [ ] % of foundation footprint of
each
Slab on grade [] Area /square footage of Slab on grade: square feet
Other []

8. Age of Building/Structure: years, Not sure/Unknown []

Last Revised: April 28, 2021 Commercial / Industrial Building Questionnaire

Contaminated Site Cleanup Bureau



9. General Above-Ground Building/Structure construction (check all that apply):
Wood [], Brick [], Concrete [], Cement Block [_], Other []

10. Foundation Construction (check all that apply):
Concrete Slab []
Fieldstone []
Concrete Block []
Elevated Above Ground/Grade []
Other []

11. Do you have a Private Well [] or Cistern []?
If yes, please describe location, use, GWIC No. (if known) and current condition

12. Do you have a Septic System? Yes [ ] No [] Not Used [] Unknown []
If yes, what is the construction type?

Where is it located?

When was the last time it was serviced?

Do you (or have you ever) use(d) any degreaser for your septic system? Yes [ | No []
If yes, when was the last application?

13. Do you have standing water outside of your Building? (pond, ditch, etc.) Yes [] No []

Basement Description (please check all boxes that apply):

14. Is the basement Finished [] or Unfinished []?

15. If finished, how many rooms are in the basement?
What are rooms used for? Office [ ], Shop [], Storage [,
Other

16. If not finished, do you plan on finishing in the future? Yes [ ] No []

17. Is the basement floor (check all that apply) Concrete [], Tile [ ], Carpeted [_], Dirt [ ],
Other []

18. Are the basement walls Poured Concrete [_], Cement Block [_], Stone [_], Wood [],
Brick [], Other []

19. Does the basement have a moisture problem?
Yes, frequently (3 or more times/year) []
Yes, occasionally (1-2 times/year) []
Yes, rarely (less that 1 time/year) [ ]

No []

Describe the moisture problem

20. Does the basement ever flood?

Yes, frequently (3 or more times/year) []



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Yes, occasionally (1-2 times/year) []

Yes, rarely (less that 1 time/year) []

No []

Does the basement have any of the following? Floor Cracks [], Wall Cracks [], Sump [,
Floor Drain [], Other Hole/Opening In Floor []
Describe

Are any of the following used or stored in the basement (check all that apply):

Paint [_], Paint Stripper/Remover [_], Paint Thinner [ ], Metal Degreaser/Cleaner [_],
Gasoline [], Diesel Fuel [], Solvents [ ], Glue [], Laundry Spot Removers [ ],
Drain Cleaners [], Pesticides [],

Other equipment with fuel tanks (chain saw, lawn mower, snow blower, etc.) [],

Other products with/containing Volatile Organic Compounds, describe:

Has the Building / structure recently (within the last six months) had any painting or remodeling?

Yes [] No [

If yes, specify what was done, where in the Building, and what month:

Has new carpeting been installed in the Building / Structure within the last year? Yes [] No []
If yes, when and where?

Do any occupants / employees regularly conduct or work in the beauty / hair-dressing business?
Yes, work at a beauty / hair-dressing business []

Yes, store supplies for beauty / hair-dressing business [ ] Distance to sample point:

Yes, building contains beauty / hair-dressing business [_] Distance to sample point:

Yes, building is near beauty / hair-dressing business [_] Distance to sample point:

No []

Do any occupants / employees / anyone regularly use or work or conduct a dry cleaning service?
Yes, use dry-cleaning regularly (at least weekly) []

Yes, use dry-cleaning infrequently (monthly or less) []

Yes, work at a dry cleaning service []

Yes, building contains or is near dry cleaning service [] Distance to sample point:

No []

Do any occupants / employees / anyone in the Building / structure use solvents at work?
Yes [] If yes, how many persons?
No [] If no, go to question 29

If yes for question 27, are the work clothes washed at Building? Yes [ ] No []

Does Building / Structure contain a washer/dryer? Yes [] No []
Where are they located?
Basement [ ]
Upstairs []
Ground floor []
Garage []
Other, please specify [ ]

If Building / Structure contains a dryer, is it vented to the outdoors? Yes [ ] No []

What type(s) of Building heating do you have (check all that apply)



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Fuel type: Gas [], Oil [], Electric [ ], Wood [], Coal [],

Other []

Heat conveyance system: Forced Hot Air []  Forced Hot Water [] Steam []
Radiant Floor Heat [ ] Wood Stove [] Coal Furnace [] Fireplace []
Other []

Does Building / Structure have (or had in the past) a storage tank for storage of Gasoline [],
Fuel Oil [], Propane []
If yes, where is/was it located?

How is/was the tank filled?

Is there staining near the tank? Yes [ ] No []

Does Building / Structure have air conditioning? Yes [] No []
Central Air Conditioning []

Window Air Conditioning Unit(s) []

Other (please specify)

Does Building / Structure have any: Room Fans [ ], Ceiling Fans [], Attic Fan []

Does Building / Structure ventilate using the fan-only mode of your central air conditioning or
forced air heating system? Yes [] No []

Has Building / Structure had termite or other pesticide treatment? Yes [ ] No [] Unknown []
If yes, please specify type of pest controlled
And approximate date of service

Water heater type: Gas [ ], Electric [], by Furnace [],
Other (please describe)

Water heater location: Basement [], Upstairs [], Ground Floor [ ], Attic [],
Other (please specify)

Does Building / Structure have any cooking appliances? Electric [], Gas []
Other (please describe)

Is there a stove exhaust hood present? Yes [] No []
Does it vent to the outdoors? Yes [] No []

Smoking in Building / Structure:
None [, Rare (only guests) [ ], Moderate (occupants, light smokers) [],
Heavy (at least one heavy smoker in Building / Structure) []

If yes to question 41, what do they smoke?
Cigarettes [ ] Cigars [] E-Cigarettes(Vaping) [ ]
Pipe [] Other []

Does Building / Structure regularly contain/use air fresheners? Yes [] No []
Does anyone in the Building have indoor Building hobbies or crafts involving:

Heating [_], Soldering [ ], Welding [_], Model Glues [], Paints [],
Spray Paint [_], Wood Finishing [ ], Other []




45,

46.

47.

General Building / Structure use of industrial / office / consumer products (circle as appropriate).

Assume that: Never = never used, Hardly ever = less than once/month,

Occasionally = about once/month, Regularly = about once/week,
and Often = more than once/week.

Product Frequency of Use

Solvents Never Hardly ever Occasionally  Regularly Often
Aerosol Deodorizers Never Hardly ever Occasionally  Regularly Often
Insecticides Never Hardly ever Occasionally  Regularly Often
Disinfectants Never Hardly ever Occasionally  Regularly Often
Window Cleaners Never Hardly ever Occasionally  Regularly Often
Ink / Toner Cartridge Never Hardly ever Occasionally  Regularly Often
Glue / Adhesives Never Hardly ever Occasionally  Regularly Often
Paint Never Hardly ever Occasionally  Regularly Often
Petroleum Fuel Never Hardly ever Occasionally  Regularly Often

Please check weekly Building / Structure maintenance, janitorial, and cleaning practices:

Dusting []

Dry Sweeping []
Vacuuming []
Polishing (furniture, etc.) []
Washing/Waxing Floors []
Other (describe) []

Other comments including items / subjects not covered in this questionnaire yet an issue or

concern for the Building / Structure:




48. Chemical Inventory/Summary

Chemical/Chemical Product (consumer name) Amount present in Building / Structure

a)
b)
c)
d)
e)
f)

9)
h)
i)

)
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OCCUPIED DWELLING QUESTIONNAIRE

Indoor Air Assessment Survey

Date:
1. Name:
Address:
Home Phone: Work Phone:
2. What is the best time to call to speak with you? At: Work [] or Home [] ?
3. Are you the Owner [], Renter [], Other [] (please specify) of
this Home/Structure? If you are not the owner, please provide owner contact
information
4, Total number of occupants/persons at this location?
Number of Children Ages
5. How long have you lived at this location?

General Home Description

6. Type of Home/Structure (check only one): Single Family Home [], Duplex [], Apartment [],
Townhouse [_] Other

7. Home/Structure Description:
Number of floors:
Basement []
Crawlspace []
Partial Crawlspace/Basement [_] % of foundation footprint of each
Slab On Grade []

Other []
8. Age of Home/Structure: years, Not Sure/Unknown []
9. General Above-Ground Home/Structure construction (check all that apply):

Wood [_], Brick [_], Concrete [_], Cement block [_], Other []

10. Foundation Construction (check all that apply):
Concrete Slab []
Fieldstone []
Concrete Block []
Elevated Above Ground/Grade []
Other ]

Last Revised: April 28, 2021 Occupied Dwelling Questionnaire
Contaminated Site Cleanup Bureau



11. Do you have Private Well [] or Cistern [ ]?
If yes, please describe location, use, GWIC No. (if known) and current condition

12. Do you have a Septic System? Yes [ ] No [] Not Used [] Unknown []
If yes, what is the construction type?

Where is it located?

When was the last time it was serviced?

Do you (or have you ever) use(d) any degreaser for your septic system? Yes [ | No []
If yes, when was the last application?

13. Do you have standing water outside of your home? (pond, ditch, etc.) Yes [] No []

Basement Description (please check all boxes that apply):

14. Is the basement Finished [ ] or Unfinished []?

15. If finished, how many rooms are in the basement?
What are rooms used for? Bedrooms [] Family Room [] Storage []
Other

16. If not finished, do you plan on finishing in the future? Yes [] No []

17. Is the basement floor (check all that apply) Concrete [], Tile (], Carpeted [], Dirt [,
Other []

18. Are the basement walls Poured Concrete [_], Cement Block [_], Stone [_], Wood [],
Brick ], Other []

19. Does the basement have a moisture problem?
Yes, frequently (3 or more times/year) []
Yes, occasionally (1-2 times/year) []
Yes, rarely (less that 1 time/year) []
No []

Describe the moisture problem

20. Does the basement ever flood?
Yes, frequently (3 or more times/year) []
Yes, occasionally (1-2 times/year) []

Yes, rarely (less that 1 time/year) []

No []

21. Does the basement have any of the following? Floor Cracks [_], Wall Cracks [_], Sump [],
Floor Drain [_], Other Hole/Opening In Floor []
Describe




Are any of the following used or stored in the basement (check all that apply):

Paint [ ] Paint Stripper/Remover [ ] Paint Thinner [] Metal Degreaser/Cleaner []
Gasoline [] Diesel Fuel [] Solvents [] Glue [] Laundry Spot Removers [ ]
Drain Cleaners [_] Pesticides [ ]

Other equipment with fuel tanks (chain saw, lawn mower, snow blower, etc.) [],
Other products with/containing Volatile Organic Compounds, describe:

Have you recently (within the last six months) done any painting or remodeling in your home?
Yes [] No []
If yes, specify what was done, where in the home, and what month:

Have you installed new carpeting in your home within the last year? Yes [] No []
If yes, when and where?

Do you regularly use or work in a dry cleaning service?
Yes, use dry-cleaning regularly (at least weekly) []
Yes, use dry-cleaning infrequently (monthly or less) []
Yes, work at a dry cleaning service

No []

Does anyone in your home use solvents at work?
Yes [] If yes, how many persons?
No [] If no, go to question 28

If yes for question 26, are the work clothes washed at home? Yes [] No []

Where is the washer/dryer located?
Basement []

Upstairs Utility Room []
Kitchen []

Garage []

Use a Laundromat []
Other, please specify [ ]

If you have a dryer, is it vented to the outdoors? Yes [ ] No []

What type (s) of home heating do you have (check all that apply)
Fuel type: Gas [], Oil [, Electric [], Wood [, Coal [,

Other []

Heat conveyance system: Forced Hot Air []
Forced Hot Water [ ]
Steam [ ]

Radiant Floor Heat []
Wood Stove [ ]

Coal Furnace []
Fireplace []

Other []




31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Does your home have (or had in the past) a storage tank for storage of
Gasoline [], Fuel Oil (], Propane []
If yes, where is/was it located?

How is/was the tank filled?

Is there staining near the tank? Yes [] No []

Do you have air conditioning? Yes [ ] No []
Central Air Conditioning []

Window Air Conditioning Unit(s) []

Other (please specify)

Do you use any of the following? Room Fans [], Ceiling Fans [], Attic Fan []

Do you ventilate using the fan-only mode of your central air conditioning or forced air heating

system? Yes [] No []

Has your home had termite or other pesticide treatment? Yes [ ] No [] Unknown []

If yes, please specify type of pest controlled

And approximate date of service

Water heater type: Gas [ ], Electric [], by Furnace [,
Other (please describe)

Water heater location: Basement [], Upstairs Utility Room [], Garage [],

Other (please specify)

What type of cooking appliance do you have? Electric [ ], Gas []
Other (please describe)

Is there a stove exhaust hood present? Yes [ ] No []
Does it vent to the outdoors? Yes [ ] No []

Smoking in Home:
None [, Rare (only guests) [ ], Moderate (residents, light smokers) [,
Heavy (at least one heavy smoker in household) []

If yes to question 40, what is smoked?
Cigarettes [ ] Cigars [] E-cigarettes(vaping) []
Pipe [] Other []

Do you regularly use air fresheners? Yes [] No []
Does anyone in the home have indoor home hobbies or crafts involving:

Heating [ ], Soldering [], Welding (], Model Glues [], Paints [],
Spray Paint [], Wood Finishing [], Other []




44,

45,

46.

General family/home use of consumer products (please circle appropriate).

Assume that: Never = never used, Hardly ever = less than once/month,

Occasionally = about once/month, Regularly = about once/week,
and Often = more than once/week.

Product

Frequency of Use

Spray-on deodorant
Aerosol deodorizers
Insecticides
Disinfectants
Window cleaners
Nail polish remover
Hair sprays
Candles

Incense

Never
Never
Never
Never
Never
Never
Never
Never

Never

Hardly ever
Hardly ever
Hardly ever
Hardly ever
Hardly ever
Hardly ever
Hardly ever
Hardly ever

Hardly ever

Please check weekly household cleaning practices:

Dusting []

Dry Sweeping []
Vacuuming []
Polishing (furniture, etc.) []
Washing/Waxing Floors []
Other (describe) []

Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally
Occasionally

Occasionally

Regularly
Regularly
Regularly
Regularly
Regularly
Regularly
Regularly
Regularly
Regularly

Often
Often
Often
Often
Often
Often
Often
Often
Often

Other comments:




47. Chemical Inventory/Summary

Chemical/Chemical Product (consumer name) Amount present in home

a)
b)
c)
d)
e)
f)

9)
h)
i)

)



APPENDIX B



D E Flowchart A: Select Screening Levels (SL) for Indoor Air

APPENDIX B

Montana Department ty\ revised 8/20/2021

of Environmental Quali

Start:

Select Screening Levels for
Indoor Air

Is the site a petroleum-only
site and are all the
contaminants of concern
included on DEQ’s Air-
Phase Hydrocarbon (APH)

Vapor Intrusion Calculator!?

Are site-specific DEQ-
approved indoor air
screening levels available for
the site?

Use the site-specific DEQ-
approved indoor air
screening levels.

(1) DEQ may need to approve use of the APH Calculator. The APH Calculator is available under
‘Risk Assessment/Screening Levels Guidance” on this DEQ website:
https://deq.mt.gov/cleanupandrec/resources

Screen indoor air concentrations using:
(2) Use the EPA RSL tables with the Tqrget Hazard Quotient of 0.1 to assure that cumulative non- o Most recent EPA Regional Screening Levels with a
cancer screening levels are protective of the presence of up to 10 non-cancer compounds. The

T tH d tient of 0.12
EPA RSL tables are available on EPA's website: https://www.epa.qov/risk/regional-screening- arget Hazard Quotient of 0
levels-rsls-generic-tables o DEQ’s APH Screening Levels for petroleum

fractions®

(3) The EPA RSL tables do not include the petroleum hydrocarbon (APH) fractions. Screening

levels for petroleum fractions are found in the DEQ APH calculator Table 1 * Table 5.1.2 of the Montana Typical Indoor Air

background investigation report*

(4) DEQ'’s 2012 Typical Indoor Air Concentrations investigation report found some compounds are
present in Montana residences at concentrations higher than generic EPA RLSs. Please refer to
table 5.1.2 in the report:
https://deq.mt.qov/Portals/112/Land/StateSuperfund/Documents/VI_guide/CompletelndoorVOC
Report.pdf, which is also available under “Risk Assessment/Screening Levels Guidance on this
DEQ website: https://deq.mt.gov/cleanupandrec/resources

Use DEQ’s APH VI Calculator
Step 1 and, if appropriate,
Step 2




Appendix B: Vapor Intrusion Evaluation Flowchart Discussion

The Montana Department of Environmental Quality (DEQ) provides the Vapor Intrusion Evaluation Flowcharts
B and C to assist with the evaluation of data collected to investigate whether vapor intrusion (V1) is occurring and
whether additional steps (sampling, evaluation, mitigation) should be taken. The flow charts presume that:

o A full suite of VI samples has been collected: indoor air, subslab gas or soil vapor, crawlspace air (if
applicable), attached garage (if applicable), and outside air.

e The VI samples were collected during worst-case conditions for VI (winter, frozen ground, induced
negative building pressure, etc.)

e Indoor air screening levels have been appropriately selected using DEQ’s Indoor Air Screening Level
Flowchart

e Sampling methods have been selected to assure that representative samples are being collected and that
analytical results have detection limits less than applicable screening levels.

e Concentration differences should be based upon significant differences when determining whether one
concentration is < or > another EXCEPT that indoor air screening levels should be compared directly to
the screening levels. Comparisons of measured concentrations to screening levels should be strictly
numerical.

DEQ expects the consideration of multiple lines of evidence during evaluation of VI. Note that uncertainty will
lead to conservative assumptions in risk-management decision-making. Some of the multiple lines of evidence
applicable to VI include:
e Soil, groundwater, and soil gas concentrations with vertical profiling, if appropriate,
Proximity of structure to contaminated media,
Ratios of contaminant concentrations in indoor air compared to ratios in substructure soil gas,
Constituent ratios and concentrations in various media (e.g. indoor air from different rooms, indoor air
from different levels of the building, soil gas, groundwater, etc.)
Whether samples were collected during worst-case conditions,
Time required to remediate the facility,
Whether the data suggest a significant source exists directly below the structure,
Building construction and current conditions,
Potential contribution of indoor air sources,
Potential contribution of outdoor air sources,
Potential preferential pathways,
Building owner surveys,
Detection limit comparison to screening levels,
Temporal variability,
Professional judgment,
Sample results from nearby buildings.

In some cases, the VI investigation may find unacceptable levels of contamination in indoor air, but the
contamination is not attributable to VI. High levels of contaminants in outside air will likely prompt investigation
to determine the contaminant source. If high levels of are contaminants are determined to be a result of indoor air
sources or an attached garage, DEQ may work with building owners/residents on options for reducing exposure.

DEQ’s previous versions of the Vapor Intrusion Decision-Making Flowcharts had a focus on contaminant
concentrations in different levels of buildings, with the idea of using concentration gradients as lines of evidence
to distinguish between VI and indoor air sources. The updated flowcharts do not share this focus, due to a
recognition that upper levels of buildings can be impacted by VI via preferential pathways, as well as by indoor
air sources.
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Flowchart B: Evaluate 15t Round Vapor Intrusion Results
Start: revised 8/20/2021

Evaluate 15t Round of
Vapor Intrusion Results

APPENDIX B

Crawl-space, Crawl-space, Indoor Air > Crawl-space,
Yes Sub-slab, or Yes Sub-slab, or No Screening Yes Sub-slab, or Yes Indoor Air = No
Soil Vapor > Soil Vapor > Levels (SL)?" Soil Vapor > Outdoor Air?
VISL?? Indoor Air? Indoor Air?
No No No Yes
No Further Vapor | No3 Indoor Air = ‘es Attached-Garage “\Yes
Intrusion Action* |~ Outdoor Air? Air = Indoor Air?
*No Further Vapor Intrusion Action (NFVIA) determinations
must be based on appropriate sampling methods and detection N Not
limits less than screening levels or as low as possible. o " . . 0 o!' 0
Resample** or Mitigate if appropriate. P Applicable
Evaluate Results of Resampling: N
go to Flowchart C: Evaluate 2nd & B Resample** or Evaluate multiple lines of evidence to determine* whether
SUCC‘?SS'VG Rounds of Vapor - mitigation may reduce indoor air concentrations from multiple sources. ;
Intrusion Results
h
> Resample** to verify that vapor intrusion is not occurring.® ¢
1. Refer to Flowchart A: Select Screening Levels for Indoor Air.
2. See Section-6 of the VI Guide regarding Vapor Intrusion Screening Levels (VISLs). **Sampling methods should be evaluated prior to resampling to assure that
3. High levels of vapor contamination in outdoor air likely warrant additional investigation. representative samples are being collected.
4. See Appendix B: Vapor Intrusion Decision-Making Flowchart Discussion page for information regarding

multiple lines of evidence.
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Flowchart C: Evaluate 2" & Successive Rounds of Vapor Intrusion Results
ot Emvronmenta) Guaity N revised 8/20/2021

of Environmental Quali

Start:
Evaluate Additional Rounds of
Vapor Intrusion Results

Crawl-space,

Sub-slab, or Soil Indoor Air > Crawl-space, Sub- ™\ yes R Indoor Air > Yes Attached-Garage
Vapor > Indoor Screen|r119 siab, or Soil Vapor > i Outdoor Air? Air = Indoor Air?
Air? Levels? Indoor Air?
No® No or Not
No Applicable
Crawl-space, Evaluate** whether measures Mitigate™ unless
Sub-slab, or Yes or Not s| should be taken to protect evgluatloq of other lines of
Soil Vapor > Applicable against future V1. evidence indicate
VISL?? otherwise.
v
Attached garage, Evaluate** multiple lines of evidence? to
No Further Vapor No Outdoor Air, or Yes determine whether mitigation may
Intrusion Action* < other sources > reduce indoor air concentrations from <
potentially impacting multiple sources.
Indoor Air?

*No Further Vapor Intrusion Action (NFVIA) determinations must be based on appropriate

sampling methods and detection limits less than screening levels or as low as possible.
**Evaluation of additional lines of evidence and/or mitigation work may require resamplin
Refer to Flowchart A: Select Screening Levels for Indoor Air. g yreq piing.
Review sampling methods prior to resampling to assure that representative samples are being collected.

See Section-6 of the VI Guide regarding Vapor Intrusion Screening Levels (VISLs).
Evaluate results from new samples using Flowchart C: Evaluate 2" & Successive Rounds of VI Results.

High levels of vapor contamination in outdoor air likely warrant additional investigation.

See Appendix B: Vapor Intrusion Decision-Making Flowchart Discussion page for information regarding
multiple lines of evidence.

o =
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Start:

Screen PVI Potential &
vvaluate PVI Results

Step 1:
Site Characterization & CSM
Conduct an adequate site
characterization and construct a
conceptual-site model (CSM)
and include all factors that may
affect the PVI pathway.

Ref: VI Guide Section 2.4

Do petroleum hydrocarbon
(PHC) vapors pose an

immediate petroleum-vapor
intrusion (PVI) threat to safety of
building occupants?

Have emergency
response action(s)
been initiated to
address the
Release's PVI threat
to safety?

Yes

Emergency Response

1. Alert first responders &
assess potential threat of
fire and/or explosion.

2. Mitigate threats as
appropriate.

1. Refer to Flowchart A: Select Screening Levels for Indoor Air.
2. Refer to Flowchart B: Evaluate 1st Round Vapor Intrusion Results.
3

Refer to Flowchart C: Evaluate 2nd & Successive Rounds of Vapor Intrusion Results.

* Adapted from EPA Technical Guide for PVI at LUST sites, June 2015, Page 9, Figure 1; modified by MT DEQ CSCB, March 2021

Is building in direct contact with
petroleum-contaminated soil
and/or groundwater or
preferential pathways directly
connecting building to a vapor
source?

Ref: VI Guide Section 3.5.1.1

Evaluate vapor source(s)"2?

Collect indoor air samples paired with
ambient air samples.

Ref: VI Guide Section 3.5.1.1
Mitigate PVI as appropriate.
Ref: VI Guide Section 8.1

N

Yes

Step 2:
Lateral Inclusion Zone

Delineate a site-specific Lateral
Inclusion Zone - all structures
within 30 lateral feet of
petroleum contamination
(identify all factors that may
affect the vapor intrusion
pathway).

Ref: VI Guide Section 2.4

Are any existing
or planned
buildings within
the lateral
inclusion zone?

APPENDIX B

Flowchart D*: Screen Petroleum-Vapor Intrusion (PVI) Potential & Evaluate PVI Results

revised 8/20/2021

Step 3:
Vertical Separation Distance

Determine appropriate Vertical
Separation Distance for each
building (including factors that
may affect the PVI pathway).

Ref: VI Guide Section 2.4

A 4

\ 4

Are potential PVI
threat(s) indicated by
sampling results or
information?

Yes

A 4

PVl is not likely to

be a concern at the

petroleum release.

Yes

A

Are potential PVI

threat(s) indicated by

sampling results or
information?

Indoor Air and Vapor
Source(s)**

Evaluate indoor air and sources
of PHC vapors.

Collect indoor air samples paired
with ambient air and sub-slab soil
vapor samples.

Ref: VI Guide Section 3.5.1.2

Are potential PVI

sampling results or
information?

A\ 4

Yes threat(s) indicated by

Is the thickness of clean (not
petroleum-contaminated)
biologically-active soil (not
consolidated bedrock) greater
than the required minimum
vertical separation distance?

No

A 4

Sub-Slab Vapor Source(s)**

Evaluate vapor source and
attenuation of PHC vapors
beneath the building.

Collect sub-slab soil vapor
samples and apply an attenuation
factor.

Ref: VI Guide Section 3.5.1.2

**Indoor air sampling is recommended if data and information indicate petroleum contamination is in direct contact with the building.

Exterior Subsurface Vapor
Source(s)*

Evaluate vapor source and
attenuation of PHC vapors outside
of the building.

Measure PHCs using soil-vapor
probes or nested probes installed
near foundation and screened near
source.

Ref: VI Guide Section 3.5.1.2
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Appendix C:
How to Prepare and Submit Data to DEQ’s EQuIS Database

The information below provides guidance for submitting Waste
Management and Remediation sample data to Montana DEQ's EQuIS
database. Montana EQuIS is DEQ’s main sample data repository and
includes physical, chemical, biological, vapor intrusion, and habitat data
from a variety of projects across the state. Links are provided rather
than the full documents to allow for the user to access the most up-to-
date information.

If you need assistance during the electronic data deliverable (EDD)
submittal process, contact: MontanaEQulS@mt.gov

Subscribe by going to the following link to receive important updates
about Montana EQuIS, including when updated reference value lists are
posted, anticipated outages for maintenance, and training
opportunities:

https://public.govdelivery.com/accounts/MTDEQ/subscriber/new

Information about how to prepare and submit your data is available on
DEQ'’s Cleanup and Reclamation website:

https://deq.mt.gov/cleanupandrec/resources

Montana Vapor Intrusion Guide Appendix C: last updated August 17, 2021


mailto:MontanaEQuIS@mt.gov
https://public.govdelivery.com/accounts/MTDEQ/subscriber/new
https://deq.mt.gov/cleanupandrec/resources
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Ambient Outdoor Air Sampling Field Data Sheet

APPENDIX D

Prepared by the Montana Department of Environmental Quality

Site ID:

Start Weather:

Start Air Temp:

Project Name:

Start Atmospheric Pressure:

Sample location:

Date:

End Weather:

Field Personnel:

End Air Temp:

Recorded by:

End Atmospheric Pressure:

Canister and Sampl

e Information

Start Start End End . Vacuum Gauge Initial Final
X i Sample ID Canister ID Flow Controller #
Date Time Date Time # Vacuum | Vacuum
Comment/location description:




Indoor Air Sampling Field Data Sheet

APPENDIX D

Prepared by the Montana Department of Environmental Quality

Site ID:

Start Weather:

Start Outdoor Air Temp:

Project Name:

Start Atmospheric Pressure:

Sample Location:

Date:

End Weather:

Field Personnel:

End Outdoor Air Temp:

Recorded by:

End Atmospheric Pressure:

Canister and Sample Information

Start
Date

Start
Time

End
Date

End
Time

Sample ID

Canister ID

Flow Controller #

Vacuum Gauge #

Initial
Vacuum

Final
Vacuum

Pre-Sample
Indoor Air
Temp

Post-
Sample
Indoor Air
Temp

Comments:




Indoor Air Sampling Field Data Sheet

Description of Sample Locations (s):

Location Sketch:




Sub-Slab Soil Vapor Sampling Field Data Sheet

APPENDIX D

Prepared by the Montana Department of Environmental Quality

Site ID:

Project Name:

PID (model/serial #):

Sample location:

Helium Detecto

r (model/serial #):

Date:

Weather:

Field Personnel:

Air Temp:

Recorded by:

Atmospheric Pressure:

Slab Data

Surface/slab Type:

Surface/slab Thickness (inches):

Volume to purge (ml): 3 (tubing
volumes) x 10 ml/ft x #ft =

Slab/subsurface substrate commen

Depth of hole through the slab:

Length of sampling train (feet):

Sample Collection

Helium Tracer Leak Test Field Data Data
. Helium Helium Helium
Date Time Cuvnc:lt::ra:;ve Helium Beneath Beneath Helium in Probe |PID reading in] Beneath | Beneath
purged (ml) Shroud (%) min Shroud (%) (ppm or %) probe (ppb) | Shroud Shroud
max (%) min | (%) max
Conversion: 1.0% = 10,000 ppm
At 20% He, there should be no more than 2 % (20,000 ppm) He in sample train
Canister Information
i . . Vacuum Initial Final
Date Start Time | End Time Sample ID Canister ID | Flow Controller #
Gauge # Vacuum | Vacuum

Comments:




Sub-Slab Soil Vapor Sampling Field Data Sheet

Project Name: Sample Location/ ID:

Date:

Location Description: Include floor type/construction, location of probe, fuel sources, sumps, stored chemicals, drai

ns, etc.

Location Sketch:
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Sub-Slab Soil Vapor Sampling Guide
Montana Department of Environmental Quality
April 22, 2011

Purpose:  This sampling guide is intended to assist DEQ and other Environmental

Professionals with the collection of sub-slab soil vapor samples. This guide
presents one method to collect soil vapor samples. Slight variations on the
method presented may also be appropriate and effective sampling methods.

General Equipment

Measuring tape to measure building dimensions and sample location

Nitrile gloves, eye protection, hearing protection, respiratory protection (as appropriate)

1 Environmental Field Book

Pre-printed sample log forms

Pre-printed building questionnaires and metal clipboard

4 indelible ink ball-point pens (NOTE: no solvent-based markers or Sharpie pens will be used for labeling
samples, taking field notes, or otherwise used during sampling)

Clear plastic trash bags

Digital camera and batteries

Tool box with wrenches, tubing cutters, small flashlight, mixers for concrete, etc.

Sample receipts

Sub-slab Soil Vapor Sampling Equipment

m Individually cleaned and certified Summa® m Quikcrete, water, and trowel to patch hole after
canisters with individual 200 mL/min flow sampling
controllers and individual pressure gauges m Fittings for tubing (supplied by laboratory)
(supplied by laboratory) m Plastic zip-lock bags , scissors to snip end to direct

m 4" Teflon tubing (supplied by laboratory) concete into hole

m Summa canister fittings and ferules (supplied by m 60 cc Syringes for purging and evacuating air
laboratory) from tubing

m Roto-hammer drill and drill bits (3/4” or 7/8”, 6 m Helium (ultra high purity or high purity)
and 12” lengths) m Helium meter

m Small dustpan and broom for cleaning m PID meter

m Small “garbage” container for drill cuttings and m Plastic bags or plastic sheeting for leak detection
other refuse shroud

m Clean silica sand for bottom of probe point m Hose filled with sand for sealing plastic bags to

m Bentonite (sand or powder) for sealing hole floor
annulus while sampling m Decon brush, spray bottle of Liquinox, spray

m Modeling clay for leak sealing (if necessary) bottle of deionized water

m Low-VOC quick-setting cement for sealing top of m Flexible tubing in various sizes for connecting
probe meters to Teflon tubing

m DI Water for sealing bentonite and mixing m Hearing, eye, and possibly, respiratory protection

concrete



Identify your sub-slab sampling location. The
sampling location should be a minimum of 5 feet
from exterior walls. Note the presence of
underground utilities such as electric, gas, sewer
lines, or radiant heat. The building owner or their
representative should approve the sampling location.
Take care to avoid tile, wood flooring, carpet, etc. to
the extent practicable. It can be extremely helpful to
identify sub-slab sampling locations and any
potential underground utilities during pre-sampling
building inspections.

Take out the roto-hammer, drill bits, and extension
cord if necessary.

Begin drilling into the slab with the 6” drill bit. Most
slabs are 3-4”. You should feel the drill punch
through the slab and into the sub-slab material.

Ream out the hole with the 6 drill bit.

Switch to the 12” drill bit and continue to ream out
the hole in the slab in order to create a preferential
pathway in the sub-slab material that will allow soil
vapor to accumulate.

Clean up the drill cuttings with a dustpan and brush
or vacuum. Take care to avoid spilling the cuttings
back into the hole that you’ve created in the slab.

At this point, you may wish to take a PID reading
from inside the hole. Cover the probe hole to prevent
escape of sub-slab vapors, especially if the
construction of the probe does not commence
immediately.



Measure the depth of the hole created beneath the
slab and record the slab thickness. A small flashlight
is helpful for measuring slab thickness.

Take out the clean silica sand, bentonite, deionized
water, and Teflon tubing.

Remove the end cap from the Teflon tubing,
straighten by hand, and insert the tubing to the
bottom of the hole in the slab. Set the tubing
approximately 1/2” above the bottom of the hole in
the slab.

Begin adding the silica sand. A small paper cup can
be helpful. Fill the hole until sand is visible slightly
above the bottom of the concrete slab. A flashlight
can be helpful to verify this. Add sand slowly to
avoid “bridging” and overfilling.




Put away the sand and begin adding the bentonite. At
this point sand already should be above the bottom of
the slab so there should only be 2-3” of void space in
the hole, unless the slab is unusually thick. Add
bentonite to approximately 1 below the top of the
slab.

Put away the bentonite. LIGHTLY hydrate the
bentonite with the de-ionized water. A pipet or
similar may be helpful to avoid adding too much
water. The idea is to add just enough water to allow
the bentonite to expand and seal the hole, but not so
much that it percolates through the bentonite and into
the sand below. If water is pulled through the
sampling train, it will ruin the sample.

Add low VOC, quick setting hydraulic cement to a
plastic zip-lock bag. Hydrate with the de-ionized
water until the proper consistency is reached. The
cement can be mixed in other vessels, but zip-lock
bags are recommended due to ease of mixing,
cleanup, and disposal.

Cut the corner of the ziplock bag and squeeze cement
into the final 1” of void space in the hole. Mound
cement above the top of the slab and tightly around
the tubing.



Cut the Teflon tubing, leaving approximately 3-4’ of
tubing above the top of the slab (enough for easy
connection to the Summa canister). Place the end
cap on the tubing. Allow the hydraulic cement to set
for approximately 20 minutes or until hard to the
touch.

While the cement is setting, connect the flow
controller to the Summa canister. Place the brass cap
from the top of the Summa canister on top of the flow
controller and tighten. Briefly open the Summa
canister valve (no more than 5 seconds) and then
close it to verify the negative pressure in the canister
(between -23” Hg and -30”Hg, depending on
elevation). If the pressure does not hold, tighten the
valve and fittings and try again. If you cannot get the
pressure to hold, you may have a leak between the
flow controller and the canister, and you will need to
use a different canister. Leave the brass cap on.

Turn on the Helium meter, the PID meter
(calibrated), and connect the helium canister to its
flow regulator and hose.

Place the helium meter tubing and hose from the
helium canister adjacent to the sub-slab sampling
point.



Place the clear plastic shroud (the garbage bag)
around the sub-slab sampling point, encompassing
the helium canister hose and the helium meter tubing.
The end of the sub-slab sampling train Teflon tubing
should remain outside of the shroud. Throughout the
leak check and sample collection, try not to disturb
the seal between the cement mound and the probe
tubing in order to maintain the integrity of the seal.

Place the sand filled hose around the edges of the
shroud, weighting it down. The sealed sub-slab
sampling point, helium meter tubing and helium gas
hose should be contained inside the shroud with only
the end of the Teflon sampling tubing extending
outside of the shroud (held in hand in photo). Turn
on the helium gas and slowly inflate the shroud to a
minimum of 20% helium gas content (as measured
by the helium meter). Record the helium gas
concentrations beneath shroud on the sampling form.

Calculate the volume of soil vapor necessary to purge
from the sampling train (a % inside diameter tube
has 9.65 ml/ft). A minimum of three times the
volume of the sampling train should be purged. Take
the 60ml syringe and connect to the Teflon tubing
with flexible tubing. Purge 60ml over 20 second
intervals to avoid purging at too great a rate (0.2
L/min is standard).

Remove the end of the helium meter tubing from
beneath the shroud carefully to avoid losing helium
from the shroud, allow to “zero”, and connect to the
Teflon probe tubing. Allow the meter to run until it
reaches a stable reading. The concentration of
helium in the sampling train should be a maximum of
10% of the measured concentration beneath the
shroud. If your concentration is above 10%, remove
the shroud, reseal the sampling point with additional
hydraulic cement or modeling clay and redo the
purge and leak test.



Connect the PID meter to the Teflon tubing sampling
train. Allow meter to reach a stable reading and
record on the sampling form.

Remove the shroud. Put away the PID meter, but
keep the helium meter running. Place the laboratory
supplied hardware (ferrule and hex nut) on the Teflon
tubing as shown.

Connect the tubing to the top of the flow controller
and tighten firmly using 9/16” and 1/2” wrenches.

Place the tubing for the helium meter and helium
hose next to the Summa canister and surround with
the shroud. Weight the shroud down with the sand
hoses and refill the shroud with helium to a minimum
concentration of 20%. Open the Summa canister by
twisting it open through the shroud and record initial
vacuum again on the field form. Watch the helium
concentrations beneath the shroud and add additional
helium if necessary. Also watch the vacuum readings
for the Summa canister. Close the canister once the
vacuum is approximately -5”Hg, so as to maintain
negative pressure in the canister.



Double check that the Summa canister is tightly
closed and remove the shroud. Use the wrenches to
remove the flow controller from the canister and
replace the brass nut on top of the Summa canister.
Remove tubing from the slab by simply pulling it out.
Make sure that all relevant information has been
documented on the tags on the Summa canister, and
that it matches the information on the field forms.

Put away all the equipment. Remove the concrete
surface seal with a hammer and chisel. Using a
finger or the end of a tool, compact the sand and
bentonite in the sub-slab hole so as to avoid settling
later.

Mix quickcrete cement or hydraulic cement and add
to the sub-slab sampling point. Smooth with trowel.
Take a photo to document the condition of the slab
upon completion. If the building owner or
representative is present, ask them to verify that the
slab has been repaired to their satisfaction.



