This document references Chapters and Sections from the ITRC Vapor Intrusion Technical and Regulatory Guidance, and Fact
Sheets and Technology Information Sheets from the ITRC Vapor Intrusion Toolkit, published January 2026. These resources can be
accessed at: https://itrcweb.org/vapor-intrusion-toolkit.

GENERAL CONCEPTS OF MASS-FLUX- B
BASED SCREENING FACT SHEET :
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The purpose of this fact sheet is to describe how mass-flux-based screening methods can be used as
part of the vapor intrusion (VI) screening process. As noted in Section 5.4.2, VI is governed by the rate at
which vapor-forming chemical (VFC) mass migrates from the subsurface, across a building foundation,
and into and out of an enclosed indoor air space per unit time. If the VFC migration is assumed to be one-
dimensional or vertically upward, then that rate can be defined in terms of mass flux or the rate of VFC
mass flow through the building foundation (per unit area) and per unit time. Mass discharge is an
analogous term that describes the volumetric airflow of VFCs from the subsurface to indoor air (Qsoil) and
within and out of a building (Quuiding). Mass discharge represents the mass flux integrated over the entire
area of the building foundation and is expressed in terms of volume per unit time. The ratio of Qsoi/Qbuilding
represents the foundation (or slab) attenuation factor (AF) for the building assuming a conservation of
mass and no background (non-VI) sources of VFCs in indoor air (McAlary, Gallinatti, et al. 2018) (see the
Attenuation Factors Fact Sheet).

Mass flux can do the following:
e Provide a measure of the potential impact to indoor air.

e Reduce the uncertainties associated with

o VFC concentrations in indoor air and sub-slab soil vapor that can vary by several orders of
magnitude within a given building over time and space (Folkes et al. 2009; Holton et al. 2013; Luo
et al. 2009); and

o Background and non-VI-related sources of VFCs in indoor air (see Section 2.2.4 Background
Sources of Chemicals and the Background Sources to Indoor Air Fact Sheet).

e Be used to estimate the maximum concentrations for current and future conditions.
e Be determined from limited site sampling.

e Support mitigation design and performance evaluations (see Section 7.7.2: Differential Pressure
Monitoring and Building Pressure Control, and the Pressure Monitoring and Building Pressure
Control Fact Sheet).

e Yield estimates of building-specific AFs and sub-slab soil-vapor screening levels.

The challenge with mass-flux-based screening is that estimating the VFC mass flux using methods other
than the application of simple VI models or spreadsheet tools (see Chapter 9: VI Modeling) can be
challenging to obtain, requiring relatively sophisticated tools, equipment, and experienced personnel. In
addition, direct application of mass flux for the purpose of “site screening” has not been reported in the
literature even though mass-flux tools are increasingly being applied in VI assessments. Practitioners are
thus encouraged to consult with the applicable regulatory authority for approval.
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For VI assessments, mass flux (or discharge) is either

a. Simulated using VI models based on conservation of mass principles, such as Johnson and
Ettinger (1991), BioVapor (API1 2010), PVIScreen (USEPA 2016), and PVI-2D (Yao et al. 2017) or
vapor transport models that are described in Hers et al. (2002) and Yao et al. (2013); or

b. Quantified directly from airflow and VFC concentration measurements in off-gas emissions
associated with sub-slab or indoor air depressurization.

VFC mass-flux estimates obtained from VI modeling can be determined from groundwater or soil-gas
concentration measurements at specific locations or from a vertical (depth-discrete) profile of soil-gas
concentration measurements (Lahvis et al. 1999) (see Chapter 5: Site Screening, Figure 5-3a). These
concentration measurements are typically made at or between a VFC source and a current or future
building. The models are used to predict concentrations in indoor air from mass-flux (or discharge)
estimates using default or site-specific vadose zone and building properties as model input, where:

Cir = mass discharge
TA ™ AER+Volpyitai
* Volpuyilding

(Equation 1)

where Cis is the concentration of VFC in indoor air (mass/volume); mass discharge is the rate of VFC entry
into the building or occupied structure (mass/time); AER is the building air exchange rate (1/time); and
Volguiiing is the building or occupied structure volume (length®). Model estimates of Cix are highly sensitive
to both AER and Volyuiing. These variables can, however, be easily estimated or approximated. Volsuiding
estimates can be based on default parameter values, for example 244 m® for a one-story, single-family
residence (USEPA 2004), or building-specific estimates or measurements of aerial building footprint and
building height/basement depth. AER values are published in ASHRAE (1985), Koontz and Rector (1995),
and USEPA (2011). For residential buildings, the mean AER value reported in USEPA (2011) is 0.45/hour,
and the tenth percentile AER is 0.18/hour. AER values for nonresidential buildings are more variable
depending on heating, ventilation, and air conditioning (HVAC) and facility operations. USEPA (2011)
reports a mean AER value of 1.5/hour for commercial/industrial buildings.

Model estimates of VFC transport in the vadose zone are sensitive to the effective diffusion coefficient
(Defr) of the vadose zone soil and rates of aerobic VFC biodegradation. The D are either assumed based
on generic (default) soil properties reported in the literature (USEPA 2004), site-specific soil properties
from geotechnical analyses (e.g., moisture content, total porosity) of field samples and application of the
Millington and Quirk (1961) relation, or estimated via in situ using tracer testing (Johnson et al. 1998; Tick
et al. 2007). It is important to note that model predictions of indoor air concentrations from
measurements of VFC concentrations in groundwater will be highly uncertain. The uncertainty stems
from an inability to quantify VFC concentrations at the water table; highly variable Det that vary by several
orders of magnitude across the capillary zone; and, at VI sites with more biodegradable VFCs, rates of
aerobic biodegradation. Aerobic biodegradation rates of VFCs are reported in Howard et al. (1991),
DeVaull et al. (1997), and the BioVapor Model Fact Sheet. Rates of aerobic VFC biodegradation will
largely be governed by the availability of O, in the vadose zone, and in turn, the land-surface boundary
condition (e.g., constant O, concentration or constant O air flow) represented by a building foundation
(e.g., crawl space/earthen floor, concrete slab-on-grade). Additional information on estimating mass flux
using transport models can be found in Chapter 9: Modeling.

Rates of VFC mass flux or discharge into buildings can also be directly quantified by depressurizing the
air inside or below a building or occupied space foundation (see Chapter 5: Site Screening, Figures 5-3b
and 5-3c, respectively). Indoor air depressurization is commonly termed building pressure control (BPC)
and involves a combination of negative and positive pressurizations using a blower door to induce or
inhibit VI (Lutes et al. 2019; McAlary 2019; McAlary, Wertz, et al. 2018; McHugh et al. 2012; NFESCA
2021). Mass-flux (or discharge) rates are calculated from measurements of VFC concentrations and
airflow rates across the blower door (Qspc). The mass-flux (or discharge) rates are then used to estimate
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maximum exposure concentrations for VFCs in indoor air by applying Equation 1, which can then be
compared to risk-based screening levels in indoor air. In addition, BPC can be used to assess AER and the
influence of preferential pathways and background (non-VI) sources on VI. BPC can be challenging to
apply in certain commercial/industrial buildings, however, especially ones with multiple rooms and zones
of HVAC operation. To help address this issue, the U.S. Navy developed best practices for BPC
implementation in large commercial/industrial buildings. The best practice includes information on how
to adjust HVAC operation as an alternative to blower doors (NFESCA 2021). Key design elements of BPC
are also reported in Lutes et al. (2019). Sub-slab depressurization is achieved by applying sub-slab
depressurization (McAlary 2019; McAlary, Wertz, et al. 2018) (see Chapter 10: Vapor Intrusion Mitigation)
or high-volume sampling (McAlary, Wertz, et al. 2018; McAlary et al. 2020; Nicholson et al. 2021). Mass-
flux (discharge) rates are calculated from measurements of VFC concentrations and airflow (Qssc) in vent
pipes. The mass-flux (discharge) rates are again used to estimate concentrations of VFCs in indoor air,
which then can be compared to risk-based screening levels (see Chapter 5: Site Screening, Section 5.4.1
Concentration-Based Screening) by applying Equation 1. The implementation of sub-slab
depressurization methods for mass-flux determinations is reported in the Environmental Security
Technology Certification Program (McAlary 2019; McAlary, Wertz, et al. 2018), which includes case
studies of sub-slab depressurization technologies that were used to obtain site-specific estimates of AFs
and sub-slab soil vapor screening levels.
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