Starting Soon 1 Vapor Intrusion 101 Session 1

A ITRC Resources:https://itrcweb.org/vapor_-intrusion-toolkit/
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https://itrcweb.org/vapor-intrusion-toolkit/
https://itrcweb.org/vapor-intrusion-toolkit/
https://itrcweb.org/vapor-intrusion-toolkit/
https://itrcweb.org/vapor-intrusion-toolkit/
https://itrcweb.org/vapor-intrusion-toolkit/
https://clu-in.org/conf/itrc/VI-introductory/
https://clu-in.org/conf/itrc/VI-introductory/
https://clu-in.org/conf/itrc/VI-introductory/
https://clu-in.org/conf/itrc/VI-introductory/
https://clu-in.org/conf/itrc/VI-introductory/

Housekeeping

A This event is being recorded; Event will be available On Demand after the
event at the main training page: https://clu -in.org/conf/itrc/\VI -introductory/

A If you have technical difficulties, please use the Q&A Pod to request technical
support

A Need confirmation of your participation today?

A Fill out the online feedback form and check box for confirmation email and certificate

Interstate Technology & Regulatory Council,

1250 H Street, NW Suite 850 | Washington, DC 20005
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Fundamentals
Session 1

Sponsored by : Interstate Technology & Regulatory Council (www.itrcweb.org)

Hosted by : US EPA Clean Up Information Network (www.cluin.orq)
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ITRC1 Shaping the Future of Regulatory Acc

A Host Organization . A Disclaimer

ECOS

) https://itrcweb.org/terms -and-
A Network - States, PR, DC conditions/#disclaimer

A Partially funded by the US government

A Federal Partners &2
DOE

ITRC nor US government warranty material

EPA

A ITRC Industry Affiliates Program 2 ITRC nor US government endorse specific
IAP products
A Academia A ITRC materials available for your usei

see Terms & Conditions

A Community Stakeholders

www.itrcweb.org/
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Meet the ITRC Trainers

Jennifer Borski

Wisconsin Department of Natural
Resources

[ennifer.borski@wisconsin.gov

Ryan Jones
Brown and Caldwell
RJones@brwncald.com

Lila Beckley
GSI Environmental
Imbeckley@gstnet.com

Catherine Regan
Haley & Aldrich
CRegan@haleyaldrich.com
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ITRC Vapor Intrusion Toolkit

Toolkit provides best practices & defensible approaches to support VI data driven decision making

TECHNICAL GUIDANCE

Vapor Intrusic

JUMP TO SECTION The ITRC Vapor Intrusion Teolkit replaces, combines, and updates three previous ITRC vapor
intrusion (VI) documents: Vapor intrusion Pathway: A Practical Guidance (VI-1, 2007), Petroleum

fechnical and Regulatory Document > . K \
I S— ee— Vapor Intrusion: Fundamentals of Screening, Investigation, and Management (PV! 1, 2014), and
: ; ] ey A
Fact Sheets 3 Technical Resources for Vapor Intrusion Mitigation (VIM-1, 2021).
Technology Informaticn Sheets - The Toolkit includes:
Checklists 3 * Vapor Intrusion Technical and Regulatory Guidance
* Fact Sheets
Training Resources 3

+ Technology Information Sheets
¢ Checklists
* Training Resources

A Vapor Intrusion Pathway: A Practical Guidance (VF1, 2007)
A Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation, and Management (PVI-1, 2014)
A Technical Resources for Vapor Intrusion Mitigation (VIM-1, 2020)
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Who Developed the Vapor Intrusion Toolkit

Local, state & Private and
federal regulatory Consultants public site
agencies owners

Community

Academia Suppliers stakeholders

VI Team Photo: April 2024




Who Should Use the Toolkit?

State /
Federal
Regulators

Other

Stakeholders Practitioners

Site Owners /
Managers &
Occupants

Responsible
parties
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Variability in State Guidance with Vapor Intrusion
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Figure 1. States with draft or final guidance or regulation as of April 2023.

Eklund et al. 2024; See also ITRC VI Toolkit Appendix A.
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General Overview of the Vapor Intrusion Stratec

Community Engagement

VI Project Stages

Preliminary CSM

Preliminary VI
Exposure
Assessment

Emergency Response

Rapid Management
Response

No VI Pathway
v'No VFCs present
at site
v'No current/future
building
v'"MLE evaluated

No VI
Component
at Site
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Baseline CSM Characterization CSM

VI Assessment and Evaluation

Rapid Management Response

Design, Remediation and/or Mitigation,
and Post-Remedy CSM

VI Management

Mitigation

VI Project Exits

Building Screened Out Managed VI Closure

VI Pathway =Incomplete
for Current/Future Building
v'Building outside lateralinclusion zone
v'No current/future potential VI pathway
to building
v'MLE evaluated

VI Pathway =Incomplete
for Future Building
v'Building within lateral inclusion zone
v'Future potential VI pathway to building
v'MLE evaluated
v'ICs

VI Pathway = Complete
for Current/Future Building
v'VFCs < applicable generic/

site-specific comparison level
v'MLE evaluated

VI Pathway = Complete
for Current/Future Building
v'VFCs > applicable site-specific level
v'MLE evaluated
v'Mitigation
vOM&M
vICs

VI Component
Completion
at Site

Unrestricted* VI Closure

VI Pathway =Incomplete
for Current/Future Building
v'Building screened out
v'VFCs < applicable site-
specific level
v'MLE evaluated
v"No mitigation
v'"No OM&M
v'No ICs

*Unrestricted refers only to
the Vicomponent at the site

VI Tech Reg Figure 1.1. Vapor intrusion strategy flowchart.




Simplified Overview of the Vapor Intrusion Stratec

Community Engagement

VI Project Stages
Baseline CSM Characterization CSM Design, Remediation and/or Mitigation and Post-
Remedy CSM

VI Assessment and Evaluation VI Management

[ Preliminary CSM ]

Preliminary VI
Exposure

VI Component
Assessment

Completion at Site

No VI Pathway: Project Exits

No VI

Component at idi Unrestricted VI
- Building Screened Out Managed VI Closure Closure

Adapted from Toolkit Figure 1-1
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Introduction of Common Acronyms for Vapor Intrusion

AER

AF

CSM
LOEs
MLE

Non PHC
PHC/PVI
VFCs

VI

VIPP

Air Exchange Rate

Attenuation Factor

Conceptual Site Model

Lines of Evidence

Multiple Lines of Evidence

Non-Petroleum Hydrocarbons

Petroleum Hydrocarbons / Petroleum Vapor Intrusion
Vapor Forming Chemicals

Vapor Intrusion
Vapor Intrusion Preferential Pathway



What type of interest do you represent? (choose one)

A

> > > > > >y D>y D

Local or State Regulator

Federal Regulator

Health professional

Environmental consultant
Developer

Legal

Insurance or lending representative
Industry or property owner

Other
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Learning Objectives

Understanding vapor intrusion

Introduce basic vapor science and pathways

Importance of stakeholder communication & involvement

14




Training Roadmap

Vapor Intrusion
and the Basic
Science

Common VI Intro to Data and Stakeholder
Scenarios Decisions Communication
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What Is Vapor Intrusion?

Migration of vapor forming chemicals
(VFCs) from a subsurface source into an
overlying building that is occupied or
could be in the future

A Subsurface source of VFCs that are
sufficiently Atoxico

A Migration and transport

A Potential Building & Receptors

__ GroundwaterFlow

Source: Ryan Jones, Brown and Caldwell. Modified from VI Tech Reg Figure 21.
Used with permission.

/vapor -intrusion-toolkit/
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What Makes Vapor Intrusion Unique?

7~ Unique Exposure Pathway Variability Over Time )
A Potential for involuntary exposure A Seasonal variability
A Low/conservative screening levels A Euilding use and operation changes over
ime

A Groundwater concentrations even lower ) o _ _
than drinking water standards may drive A Building dynamics change over time
vapor intrusion assessments

Complex Subsurface Transport Critical to Land Use
A Volatilization, advective, diffusion A Influences future site development
A Building depressurization A Long-term management requirements

A Preferential pathways




What Are Vapor Forming Chemicals (VFCs)?

Volatility: Chemicals that can easily form
vapors and move into the air

USEPA Defines as:
) Not In This Training:
Henryos Law GaporPtessurd A Mercury
O P atm-m3/mol >1 mm Hg A Methane
A Radon
Toxicity : Sufficiently toxic to pose a health risk A Odors
A Vapor concentration of pure component exceeds A PEAS VI(ITRC Fact Sheet)

indoor air target risk level (soil source)

A Saturated vapor concentration exceeds target
indoor air risk level (groundwater source)
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What Vapor Intrusion Is Not

Keef updght in a cool, dry place Do not discareny

Not considered vapor intrusion:

Source: Ryan Jones, Brown and Caldwell. Used with
permission.

A Occupational Exposure

A Emergency Response

Source: Ryan Jones, Brown and Caldwell. Used with permission.




What Vapor Intrusion Also Is Not

Not considered vapor intrusion
(Tact sheets included in the ITRC VI Toolkit)

A Direct Volatilization to Indoor Air
A Indoor/Outdoor Sources of VECs

A Approaches for VaporForming Chemical Source
Determination

A Backaround Sources of Indoor Air

Common direct volatilization scenarios. Direct volatilization can occur when groundwater
containing VFCs or the release enters through: (1) cracks in the foundation and floor; (2)
mortar joints; (3) sump(s), vault(s) or penetration(s); (4) window wells and walk -up
basement bulkheads; and (5) pipe penetrations; or (6) the foundation where it is in
contact with foundation soil, including drain tile.

‘ Example of typical chemicals used/stored in a residential building.
\, | Source: Rich Rago, Haley & Aldrich. Used with permission.
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VI Assessment Fundamentals

Subsurface VFC Source is Key

1. Subsurface source of VFCs must be present
2. How does it get there?

A Spills or other releases

A Plume migration ;
3. How do you know?

A Environmental assessment

Groundwater Flow

—)

Source: R. Jones, Brown and Caldwell and L. Beckley, GSI Environmental. Modified
from VI Tech Reg Figure 2-1. Used with permission.
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Motivations for Vapor Intrusion Assessments

A Certain spills/releases trigger assessment of nature &
extent of contamination

A Soil, groundwater, etc.

A VI assessments are subsets of environmental
assessment/cleanup projects

A Common types of sites where VI might be evaluated
A Industrial
A Dry cleaners

A (Gas stations

A VI evaluation may include nearby off-site properties

Dissolved Phase Plume from Offsite Source

Source: Lila Beckley, GSI Environmental. Modified from VI Tech Reg
Figure 2-7. Used with permission. 22




Migration & Transport i Overview

Phase Partitioning

Transport Wiz
A Diffusion -
A Advection T
A Mixing and Dilution in building air I U T e
b
Attenuation i
Primary or ~ >

Secondary
Source

Subsurface Considerations
A VI Preferential Pathways (VIPPS)
A Geology and subsurface characteristics
A Degradation and chemical processes L

Dissolved Plume

Source: R. Jones, Brown and Caldwell, and L. Beckley, GSI Environmental.
Modified from VI Tech Reg Figure 2-1. Used with permission.
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Source: Phase Partitioning

ALL phases can contribute to vapor intrusion
A Non-aqueous phase liquid: light, dense, residual

Aqueous: dissolved
Solid: adhered or adsorbed

o Sorbed
Vapor: volatilized

> > >

7

Source: Ryan Jones, Brown and Caldwell. Used with permission.

I

Dissolved Vapor

Source: ITRC LNAPL3 2018 with modifications
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Source: Concentration and Proximity

Plan View at 2 m bgs

Vapor intrusion potential increases with: i
A Increased concentration of the source wE=====h N 7 | '
A Source strength in groundwater, soil, or soil vapor = ] “: "
= 304 [
T_T:_-_/:_!_ <
A Proximity to receiving buildings or structures o 4
A Distance from a source to a building I ’

- 3
IA=1.1ug/m IA=7.7 ug/m®
Qs = 4 L/min Qs= 5 L/min E
0 — - — —~ =
| = \"\\ N =
[ | N\ > =1
| N\ 2
3 /| \N \ @
o f \ .\~ p
& / b ~ |
= § 'l % \ 0 T T T T T T T T
= v—"f = 0 10 20 30 40 50 60 70 &0 a0 100
& | |' | '. L x (m)
o | l l | | — — _ _1 Vapor source zone footprint
l T T — v Figure 18. Soil vapor distribution and indoor air (IA) concentration for a scenario with two

buildings and two vapor sources.
Concentrations are in units of pg/m”. Qs is the soil gas flow rate predicted for building under-pressurized by 5 Pa.

I Conceptual Model Scenarios for the Vapor Intrusion Pathway, USEPA

ONMENTAL RESEARCH
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https://www.epa.gov/sites/default/files/2015-09/documents/vi-cms-v11final-2-24-2012.pdf

Migration and Transport T Diffusion

A Migration from area of high
concentration to lower
concentration

Higher Concentration :
) = Concentration

A More rapid in gaseous phase
than aqueous

A Slowed by water or high moisture

A Slowed or redirected by low Grounavater Fiow
permeability Z0Nnes VI Tech Reg Figure 2-3.




A

A

Migration and Transport T Advection

Draw vapors from soil to lower

pressure buildings

A Or downward if building is higher pressure
Proceeds quickly along VIPPs

A Natural or anthropogenic

Slowed or redirected by low
permeability zones

Temporal/Spatial Variability
A Pressure differential (related to)
AHVAC
A Shear affect (wind)
A Stack effect (temperature)
ADiurnal/weather event barometric pressure
trends

l ¥

lracks and Seams |

Utility Penetrations

VI Tech Reg Figure 2-4.




Migration and Transport T Mixing and Dilution in Building Air

Stack
U Effects

A Building Influences
A Soll vapor mixes with building air and circulates

A Dilution

A Natural Factors:
A Temperature, pressure, wind, precipitation, climate, soil type, soil

moisture

A Man Made Factors: Vadose i Enclosed Space

A HVAC operation and changes to building pressure (AER) AP L —

A Heating can create a stack effect AL \} § 2 {’ =

< 1A " . . Advection and C%}}ﬁgi’gg”t

A Building conditions (e.g., age, foundation type, size) ngusnorr]\ et

FlooATa Vadose Zone
/ Cracks

KEY POINTS . SR R
A Vapor behavior is dynamic and increasingly influenced by numerous factors

with shallower depths
Dissolved Contamination in Groundwater

A Multiple compartments vapors transport from and through

\

VI Tech Reg Figure 2-10.
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Attenuation & Attenuation Factors (AF)

A Attenuation T Reduction of vapor concentrations and impediment of
vapor migration due to natural or manmade factors

A Attenuation Factor (AF) T Ratio between measured concentrations
between two media or zones of interest (e.g., sub -slab to indoor air,
groundwater to indoor air)

- Ot 0¢ ¢ | Cindoor
° Pa 6?;;;’5 - Ao = (Cgroundwarer X H
H6 = Henryods Law Constant (dimensionfless) Cindoor
A Screening Levels T Concentrations below which adverse health
effects would not be expected in humans
A Air, Soil vapor, or Groundwater Cso//gas

Source: Ryan Jones, Adapted from Brown and
Caldwell. Used with permission.

DIS

TS i Attenuation Factors Fact Sheet & Screening Levels Fact Sheet
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Attenuation & Attenuation Factors (AF)

A Derivation of Screening Levels Soil gas and groundwater air screening
levels can be calculated if AF to calculate soil gas and groundwater
screening levels

A USEPA Residential Default AFs:
Soil GasAF,~= 0.03 or Groundwater AF,, = 0.001

5 00 Qevi 5 Oq: Qv
i € Q@YD A o0 YO © = N a7, \
I € Q1YL O|O‘Q QUYUOQ(,(JOOOODT[T[T[
Example:
Ot 0ed 16 04 ¢ oDd X O ¢ s C. .
mto plg mfi o @
- 3
Cso// gas 1,200 ,ug/ m
H6 = Henrybés Law Constant (di mensionl—=essj
K~ Source: Ryan Jones, Adapted from Brown and
1 - Caldwell. Used with permission.




What can AFs be used for?

A Screening Levels T ldentify site investigation requirements (e.g.,
need for building specific sampling)

A Delineation of VI potential - prioritize areas for investigation (or screen out!)

A Cleanup Goals i Multiple-lines-of-evidence evaluation can identify AF
for site specific cleanup goal calculations

A Risk Assessment i Riskassessmentusedto confirm attainment of
cleanup objectives or if long- term management is necessary

C.

indoor

C

soil gas

Source: Ryan Jones, Adapted from Brown and
DIC 4 P
=

e B Caldwell. Used with permission. 31
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Puzzle Pieces to the VI Conceptual Site Model

A Evolving Puzzle T What is known vs

n ects 7

unknown e o

A Potential subsurface sources of VFCs i Exchange >~ lntermal SESRE SO P " Eccrarge

A Define nature, extent, and fate e = S——

A Subsurface characteristics ' o e

A Building influences . < D e

A Potential receptors , - i L1

Source ’ o o .li,;‘“ usio LR P
Source Foundation for g

- < Dissolved Plume 3

evaluating

PathwayS transport, fate and
Recep tor potential exposure

Figure 2-1. Conceptualized vapor intrusion pathway.

Source: Ryan Jones, Brown and Caldwell. Modified from VI Tech Reg Figure
2-1. Used with permission.




Training Roadmap

Vapor Intrusion and Common VI Intro to Data and Stakeholder
the Basic Science Scenarios Decisions Communication




What might VI look like? Putting the Pleces Together

Two common CSMs

ANnConventi onal

/v Stack Effects (‘

:Advective Flow : i : : i ' : ' Advectwe Flow

Vadose Zone

Conduit Vapor Intrusion

Primary or Primary or Preferential Pathway
Secondary Secondary

Source Source

Groundwater Flow Groundwater Flow

Source: R. Jones, Brown and Caldwell, and L. Beckley, GSI Environmental. Modified from VI Tech Reg Figure 21. Used with permission. 34



' Advective Flow '

Vadose Zone

Primary or
Secondary
Source

Groundwater Flow

Source: R. Jones, Brown and Caldwell, and L. Beckley, GSI Environmental.

Modified from VI Tech Reg Figure 2-1. Used with permission.

3. Vapor entry <

2. Migration through
vadose zone

1. Subsurface VFC
Source

/‘

N

Example Vapor Entry Points

Associated with slab

Cracks in

conc‘s_{ﬁ

Expansion
joints

Floor -wall
~ perimeter

craipk

Faulty
C] Dry P -trap toil)‘t
: TN (gen
N
loor drain ﬁv

Source: L. Trozzolo, L. Beckley, and C. Regan. Used

with permission.

35



' Advective Flow '

Conduit Vapor Intrusion
Preferential Pathway

Primary or
Secondary
Source

Groundwater Flow

Source: R. Jones, Brown and Caldwell, and L. Beckley, GSI Environmental. Modified
from VI Tech Reg Figure 2-1. Used with permission.

VI Preferential Pathways Fact Sheet

ntr us.

Example 1

Sewer intersects
contaminated groundwater

I

..-_.-:- ‘-» o / 'ﬁ ~Il v
GROUNDWATER
SEWER

Example 2

Discharge of groundwater —
to sewer line

Treatment
system

v = SEWER
GROUNDWATER

Source: L. Trozzolo, L. Beckley, and C. Regan. Used
with permission.

o,

N

36
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What e/se might VI look like?

Elevator sump and shaft pulling in VFCs

A Other potential scenarios

A Elevator sump/shaft (Vertical VIPP)

A NAPL in contact with structure

A Vacant lot (potential future VI?)

Source: L. Trozzolo, L. Beckley, and C. Regan.
Used with permission.

A Mor eé

ASite details may vary, but

A Required elements for VI:

A Subsurface VFC sourcd migration & transport i receptor

Source: L. Beckley, GSI Environmental. Modified
from ITRC 2014 Fig 1-1. Used with permission.




Which scenarios have you encountered? (choose all that apply)

A.

m O 6 ®

Conventional VI

NAPL in contact with building: diffusion through slab dominates
Conduit VIPP: sewer intersects contaminated groundwater
Conduit VIPP: sewer intersects NAPL / vadose zone source
Vertical VIPP: elevator shaft

None
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Potential Limiting Factors

Al MPORTANT:
always happen

A Limiting factors

A Impermeable building
foundation (B)

A Positive indoor air pressure
(C)
A Fine-grained geological layer

(D)
A Biodegradation (E)

A Fresh water lens (F)

VI Tech Reg Figure 4 3. Source: McHughet al., 2017. Used with permission.




Other Factors Influencing Concentration

A Above Ground Considerations Modeled Effect of Land Cover on
Concentration Distribution

ABackground sources
o= 1.7E-5 » o =43E-5
ABuilding influences o-—Qs=37Umin | (153111 [ Qs=4.3L/min =
AlLand cover G
1E-4  1E-3
) : : -4- A
A Subsurface Considerations
-6 [
A Seasonal water table changes 84— ,
, .. .. a=4.3E-5 oa=22E4
A Abiotic and Biotic Factors © Qs=37Umin_ | Qs =37 Umin )
E —
S 4 1E4  1E-3 0.01 5
= [ \
‘é- -6 " v'
- ‘ 1 \
8-+¥ ™ T . e R ‘ |

USEPA 2012. Conceptual Model Scenarios for the VI Pathwayexcerpts from Fig 24a and 24b



https://www.epa.gov/sites/default/files/2015-09/documents/vi-cms-v11final-2-24-2012.pdf

Importance of Contaminant Type

Petroleum VI Non-Petroleum VI

Aerobic :‘
Biodegradation i

’

1

\ ‘ )

z [ .5 2N T H
ones ! v o e '
g ]

'

1

i EOR N A ’
Unsaturated ! FL SR ERES 1 Unsafurated

' iy

Zone | R -/ Zone
v b ASRIOEY R

Saturated
Zone

Less Penetrable Zone
Source: USEPA 2011. Petroleum Hydrocarbons And Chlorinated Hydrocarbons Differ In Their Potential For Vapor Intrusion

Type of chemical petroleum hydrocarbon (PHCs) chlorinated hydrocarbon
Example benzene tetrachloroethene (PCE)
Source Type Light Non-aqueous Phase Liquid Dense Nonaqueous Phase Liquid
Aerobic biodegradation Consistently very  rapid Consistently very limited (recalcitrant)
Vapor intrusion potential lower higher
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Impact of Contaminant Type on Potential for VI

A Aerobic biodegradation in the vadose zone is a Very Big
Deal

A In the universe of potential sites, there is a wide
variety of potential VFCs with different susceptibility to
biodegradation

A Chlorinated compounds, e.g., tetrachloroethene (PCE),
trichloroethene (TCE)

A Petroleum hydrocarbons, e.g., benzene

A PHC sites (e.g., gas service stations) tend to have
lower potential for VI

A These sites can often be screened out simply based on source
building separation distance (to be discussed later)

Example Site Types:
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Training Roadmap

Vapor Intrusion and Common VI Intro to Data and Stakeholder
the Basic Science Scenarios Decisions Communication

% INTERSTATE

IR

* AHOLVINDIY *

ADQIONHZAL *

-
[
r
=
(o]
(]

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES




Intro to Data and Decisions

AVI ? |t 0s (often) compl

A Many examples of cases where VI is (or is not!)
a concern

A How do you figure it out?
A Use your CSM!

A Organize your thoughts
A ldentify data gaps and plan investigation

A Use to guide decision-making

Don6t be this person!




Pathway Assessment Process

VI Project Stages

[ Preliminary CSM ]

Design, Remediation and/or Mitigation and Post

Baseline CSM Characterization CSM Remedy CSM

Preliminary VI

Exposure VI Component

Assessment _ :
VI Assessment and Evaluation VI Management Completion at Site

Source: Adapted from VI Toolkit Figure 1-1

KEY POINTS:
A Process can be iterative

A At every stage, consider community engagement, rapid response, potential exits from VI
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Preliminary VI Exposure Assessment

— VI Project Stages
Preliminary CSM

A Initial filter to determine whether there iIs i ot | Do et

Preliminary VI
Exposure VI Component

a pOte ntl al fo r VI based O n : Assessment VI Assessment and Evaluation VI Management LETRIEEI S AL

A Presence of VFCs in the subsurface, which
. . . Source: Adapted from
requires knowledge of current and historical ,—A—\ VI Toolkit Figure 1-1

Chem ICal use | As data are collected, evaluate if VI conditions warrant an emergency or rapid response (Section5.2.3)'>
; Step 1 Step2 Step 3
A Presence of current and/or reasonably < Sowde MMX o< 2
anticipated future land use and buildings. s |

{ tion 5.2.1)

Site-Specific

Evaluation

Mass F_lux-Ba sed (Chapter 8)

Screening/Model
(Section 5.4.2)

Generic/Default
Concentration-

Based Screening
(Section 5.4.1)

/KE Y POINT: \

If neither or only one of these conditions is
present, then the site can be screened out
from further VI evaluation.

o n
rTuture
uilding?
Screened Out {

Note: CSM = conceptual site model, VFC = vapor-forming chemical, and VI = vapor intrusion.
Figure 5-1. Generalization of vapor intrusion screening process.

If both of these conditions are present, then
Qdditional VI screening is needed. /

Community Engagement(Chapter 3) >

VI Tech Reg. Figure 5-1. Generalization of vapor intrusion screening process 47



Screening. /nitial Phase of VI Assessment Strateg

A Assumptions: Subsurface VFCs & e
current/potential future buildings present o

Remedy CSM
VI Component
Assessment

VI Assessment and Evaluation VI Management Completion at Site

A Screening approaches, generally applied in a

tiered manner Source: Adapted from VI Toolkit Figure 1-1
A Distance-based | As dataare collected, evaluate f VI conditions warrantan emergency or rapid response (:Section5.2.3)'>
A Concentration-based < s;fe-w.-desmm WWX Stpz o< 3 2
A Mass flux-based ; E
A Approaches are conservative, meant to be e ([ ||
protective |
A Each uses default exposure assumptions |
A Check for precluding factors before using
any given approach
Community Engagement(Chapter 3) >

VI Tech Reg. Figure 5-1. Generalization of vapor intrusion screening process
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Distance-based Screening

A GOAL- determine whether VFCs can migrate from a subsurface vapor source to a
current or future building

A Buildings sufficiently far from a VFC source in soil or groundwater* will not represent a VI risk
and require no additional VI assessment

A Lateral, then vertical screening
A Shorter screening distances for biodegradable VFCs (e.g., PHCs)

*Example Inclusion Distances

Contaminant type: PHCs Chlorinated VOCs
Lateral (ft) 30 100 T »
S[(;?sat;?ci;(;n : Lateral Inclusion Distance :
Vertical (ft) 5 (dissolved) 100 -
157 18 (NAP L) ~ Dissolved Phase Plume

Note: Inclusion distances may vary depending on state guidance VI Tech Reg Figure 2-7. 49



Concentration-based Screening

A Refined VI screening

A Compare measured VFC concentrations (e.g., groundwater, subsurface vapor,
Indoor air) to media -specific screening levels

A

— Building B follow -up options

Building A

screens out with A Massflux screening

no additional VI \Ecrgenrg_tev_el . _ A Site-specific screening level/risk evaluation
assessment* \ A Additional sampling

A VI management

/KE Y POINT: Exceedance of screenin
level does NOT mean VI is or will
occur, or will pose an unacceptable

*More than one round of sampling may be risk. It means more actions are
needed, depending on regulatory authority needed.

coxxeenc.

o

Building [ \_
Samples

Source: L. Beckley, GSI Environmental. Used with permission.
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Mass Fluxbased Screening

A Mass flux = the rate of chemical mass flow through a unit area per unit time
A Rate of VFC migration 1) through vadose zone, 2) near/across foundation, and 3)

Inside and out of a building

A Additional VI assessment not required if mass flux of VFCs to indoor air is
sufficiently small to prevent VFC concentrations from exceeding indoor air

screening levels

and robust estimate of VI potential:

A Better representation of VI migration into and out of buildings

A Avoids some uncertainties with concentration-based screening
(background sources, spatiotemporal variability)

\_

/KE Y POINT: Mass flux-based screening provides more accurate\

)

Dissolved Plume

Source: Modified from VI Tech Reg Figure 2-1.



VI Project Stages
Preliminary CSM

[ ] [ ]
Baseline CSM haracterization CSM Design, Remediation and/or Mitigation and Post-
.. Remedy CSM
Preliminary VI

Exposure

VI Component
Assessment

Completion at Site

VI Assessment and Evaluation VI Management

If screening:

Source: Adapted from VI Toolkit Figure 1-1
A cannot determine if a site poses an unacceptable risk or

A cannot eliminate a site from further evaluation

investigated

As data are collected, evaluate if VI conditions warrant an emergency or rapid response (Section5.2.3)? | As data are collected, evaluate if VI conditions warrant an emergency or rapid response (Section5.2.3)?
< Step1 >< Step 2 >< Step3 > I
— — — — — Step 4 > < Step 5 > < Step 6 > < Step 7 >
Site-Wide Soseoning Deta Building-Specific Building-Specific <
ey INITIALVI REFINED VI -
PRELIMINARY VI . s . Desien SITE-SPECIFIC
Review CSM and SCREENING SCREENING Choose g
EXPOSURE eencired U (Section 5.3 ASSESSMENT (Chapter 10) Investigative Investigative Implemont EVALUATION
ASSESSMENT minimum data (SE 5.4 Approach Work Plan Work Plan (CHAPTER 8)
(Section5.2.1
! dl
s 2) b Site-Specific
factors Concentration- e gnazs] (Chapter 8) m Identity Data Gaps Is additional Yes
o present BrRselL Based Screening S[cs":'::g:]g‘;”:gel ) - R
on {Section (Section 5.4.1) -3} Select primary media Determine locations Fisld Activitiea warranted?
2
property’z, LT to be investigated and frequency to be

Doesthe
currentor
future
building
screen out?

Determine
target/screening levels

Address potential
background sources

Current
or future
building?

Yes No

Does current or future
building screen out using
distance-based
screening
(Section 5.3.2)7,

Develop a sampling and
analysis plan
Screened Out I
Out -
I Prepare community
outreach plan

Prepare detailed
schedule

Site Mitigation
and/or Remedial
Action (Chapter 10)

Is mitigation
warranted?

Screened Out
(Chapter 11)

Community Engagement(Chapter 3) Community Engagement(Chapter 3)

VI Tech Reg Figure 51; Figure 6-1; Figure 1-1. 52



VI Investigation Next Step

A May be an iterative process to collect sufficient data for decision-making

A Comparison of concentration results to generic or site-specific/risk-based
thresholds

A Collected data helpful for a multiple lines of evidence (MLE) approach to data
Interpretation '

More in VI-101 Session 2!

Source: California Department

of Toxic Substances Control,

used with permission. Source: Beacon
Environmental, Inc,
used with permission.

Source: California Department of Toxic Substances
Control, used with permission.




What does multiple lines of evidence mean?

A Lines of Evidence (LOES)i PI eces of data used to cr

A Multiple Lines of Evidence (MLE)T Using multiple pieces of information to help
create an understanding of a site and help answer a particular question

| 6Om t he appr G
to bring all those pieces
of data together to help
answer your site
guestion

| 6m t he d Nl
have or have
collected from your
site!

Source: ChatGPT respons #te ajcartoon
t wo female presenters us Heéagdshot séo
March 6, 2026

€



Multiple Lines of Evidence (MLE) Approach

VI
Completion
and Close out

Investigation
Planning

Data Eval and
Risk
Assessment




Multiple Lines of Evidence (MLE) Approach

A Common VI questions to answer using MLE

Is VI likely occurring at my site?

Is VI likely to occur in the future?

Do | have a background indoor air source?
Do | have a VI preferential pathway?

Is the VI mitigation system operating as designed?

> > > > D>y D>

Can the VI mitigation system be turned off?

Sour ce: Mi crosoft Copilot response t
them |l ook |Iike they are asking a que

TTTTTTTTTTTTTTTTTTTT



Example Lines of Evidence

m Trichloroethene (TCE) m Dichloroethane, 1,2-

m Dichloroethene, 1,1- (1,2-DCE) m Dichloroethene, cis-1,2-

m Tetrachloroethene (PCE) m Trichloroethane, 1,1,1- (TCA) V Components Of the CSM (Slte hIStory/use’ ge0|ogy’
Vinyl chloride (VC) etC .)
AA-1

TCE .

<0.038 ug/m?

V Building evaluation data (design, construction,
chemical inventory)

V Mediaspecific concentrations compared to
screening levels

V Data interpretation and forensics
V Data trends

V Spatial and temporal variability
V Constituent ratios

V Site specific attenuation factors

V Building pressure control tests

V Differential Pressure

Source: Used with permission from Laura Trozzolo, Catherine

Regan and Lila Beckley. Adapted from ESTCP Project ER i
201119, (Beckley et al. 2013, Figure B.1.1). v See more in MLE Fact Sheet

57
VI Multiple Lines of Evidence Fact Sheet



https://itrcweb.org/vapor-intrusion-toolkit/

Using Multiple Lines of Evidence

Key Points:
A The importance of each LOE may be
different depending on the site, the

guestion being answered, the regulatory
agency, etc.

A Each LOE may be assessed for its
level of uncertainty

A Not every LOE is needed for every
site

A Not all LOEs will always point to

the same answer

Multiple
Lines of
Evidence

58



Investigation Example 1

Scenario
A Assumptions

v VFGimpacted groundwater near? under? house

v Occupied building within screening distance

— v Building has basement and attached garage

5 : A Key Question: Is VI pathway complete or
3 2 ) potentially complete?

Dissolved-phase plume

Source: L. Beckley, GSI Environmental. Used with permission.




Example 1: Conceptual Investigation Design

Question: Is VI pathway
complete/potentially complete? Options for Testing the Pathway

@ = air or vapor sample container

KEY POINT: Not all potential sample
locations need to be tested.




Poll Question

What would you sample first?
A. Groundwater
B. Soil gas
C. Sub-slab soil vapor
D

Indoor and outdoor air
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Example 1. Data and Interpretations

Assume only Building Testing (C and D) was done

Results Scenario #1 Results Scenario #2

Classic interpretation: VI Classic interpretation: ???

KEY POINT.: Detection of VFCs in
Il ndoor air doesnot
need MLE to interpret.

O =relative magnitude of concentration result

Source: L. Beckley, GSI Environmental. Used with permission.

TTTTTTTTTTTTTTTTTTTT




Multiple Lines of Evidence: Key LOES for Exa

A Typical lines of evidence for the question Is VI Occurring ?

Indoor Air Concentrations Sub-slab Vapor Concentrations

Higher than High enough
normal to cause
g levels ? Ay A g Impact ?

SOIL SOIL t 5

GW
Indoor Spatlal Distribution

Pattern

suggests

vapor
” intrusion ?

- Indoor Sources

Sources of
vapors in
house ?

Source: L. Beckley, GSI
Environmental. Used with
permission. GW




Indoor Sources of VFCs

A Common issue that complicates data interpretation
A MANY sources unrelated to VI

A Household or commercial chemical products
A Stored in building
A Used in building

A Building materials

A Qutdoor air

A See Background Fact Sheet for more!

KEY POINT: Specialized sampling approaches have been developed to
help distinguish between VI and indoor sources

Source: L. Beckley, GSI Environmental. Used with permission.

VI Background Sources of Indoor Air Fact Sheet

TTTTTTTTTTTTTTTTTTTT


https://itrcweb.org/vapor-intrusion-toolkit/

Other Data Interpretation Considerations

A Temporal variability e O e adll
A Spatial variability i .,
A Timing of response AN R T M s
A M O re ! : AZ NM . Al .« = SC» VI Guidance
@ LA - '5 Petroleum hydrocarbon-only
- ‘_ s a\ No VIG

HI

Figure 1. States with draft or final guidance or regulation as of April 2023.

Eklund et al. 2024; See also VI Toolkit Appendix A.

KEY POINT: Regulatory frameworks differ across the US. Individual states may have specific
requirements for data collection & handling LOEs.

VI Toolkit Appendix A



https://itrcweb.org/vapor-intrusion-toolkit/

State Guidance Differences- Example

Hypot hetical nASiteo

A
A

A

Non-Residential

Groundwater Sourcei PCE

A Declining slowly, above GW screening
Sub-slab vapor: PCE = 6,000 pg/m3

A Spatial variability under slab

Indoor Air: PCE = not detected

Building ConditionsT Open Bay Doors typical)

A Doors closed with sampling

Source: Ryan Jones, Adapted from Brown and Caldwell. Used with permission.




State Guidance Differences- Example

California

600
Hg/m?

6,000
Hg/m?

APotential future risk
AIA below risk thresholds
ANo current mitigation

AReassess if conditions
change

Credit: Jerry Aarons, DTSC.
Source: Ryan Jones, Adapted from Brown and
Caldwell. Used with permission.

Delaware

Hg/m3

Alncomplete pathway
AScreens out

ANo additional actions
warranted

Credit: Rick Galloway, DNREC.

Wisconsin

600

6,000
Hg/m3

Hg/m?

AActive mitigation
warranted

APostmitigation
commissioning
assessment

Credit; Jennifer Borski, WDNR.
67



Data and Decisions: Wrap-up

A VI Assessment and p—— VI Project Stages

! CSM
. Characterizatio Design, Remediation anad/or
Eval uation . SEEEE CE n CSM Mitigation and Post-Remedy CSM
Preliminary \V|
A Often iterative process Ul =qpeeiiie Component
Assessment | \/| Assessment and Completion

A Screening with existing Evaluation VI Management i Sl
data, or
Exposure

A ' ' VIM t vic t
A Sample CO”eCtIOn for - VI Assessment and Evaluation anagemen Co;n;&c;?::
further Screening ANA/OT o i

:
data evaluation
VI Project Exits

No VI Pathway
A Process leans on CSM s e Unrestricted* VI Closure

¥'"No VFCs present

building VI Pathway = Incomplete VI Pathway =Incomplete VI Pathway = Incomplete
an d M L E v'MLE evaluated for Current/Future Building for Future Building for Current/Future Building
v'Building outside lateralinclusion zone v Building within lateral inclusion zone v'Building screened out
No VI ¥'No current/future potential VI pathway v'Future potential VI pathway to building VVECs <applicable site-
4 V I M - Component to building VMLE evaluated apeciiatasal
A an ag e | I I e nt I at Site v MLE evaluated viCs v MLE avaluated
. . VI Pathway = Complete Vi Pathway = Complete v¥"No mitigation
separate ITRC trainin S e s
v'VFCs < applicable generic/ ¥'VFCs > applicable site-specific level v NolICs
site-specific comparison level ¢b‘4/LE.§valgated \Iniestiicted rafers only fo
v'MLE evaluated Mitigation
VOM&M the VI component at the site
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Training Roadmap

Vapor Intrusion and Common VI Intro to Data and Stakeholder
the Basic Science Scenarios Decisions Communication
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Community Engagement During Vapor Intrusion

Ao DR

A VI work takes place indoors \ /
Altos about the EI!ﬁ%f*loartrh)enre at he,; nokdplam
something we can avoid 'R Pl \ —
o N _ Investigation
A Topic is unfamiliar to the public & |\/||t|gat|on
. ~ . N . . . / .
AThe fAlingoo is unf i goar to Egorel

sqd Pl f
Hospital li} ace o
worship




Communicating Vapor Intrusion is Complicated

corrld
u::u membrane...

liquid
e § a m | n g Is? UIs’[em

depressunzahon b

i LGS Creenln
' assessment Creenng.....

8 soil hydracarbons9NaPt g By condmns SUb Sl_ab assessment
concern 47 \E- 2

,-\@ ps}f?l?ttﬂﬂlﬁ A Unfamiliar words
ﬁ?'@ssurem|t|gat|0n” bu,[dmg

samblingA T yel A Numerous things to measure &

3
)
2

'5

venting I o
4 &

visl H 7 K 5 ch_ ewer ) e m investigati |Q-|-I|2E|Fl
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u % E ¢ ong-term
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T & stewardship

“groundwater de l
1 ngerprintin

wenenvironmental S eiawater s £ A Background contributions from
6 @ o capillany o tainant @* Gpﬁ.‘i‘% $6§§ |_.o '1[ [e) _.,;.D;,|rc < .
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sielas evelS™N S AU common consumer products
~monitoringPeLo eum ol N o Ot 182
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o onceptual VI. an N differentia \
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S vapor-forming imestestion Source: Generated by wordcloud.com
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Key Components of Community Engagement for VI

Hi , weor>e eWhat

A Have a plan! to talk to you about questions do
, . . . -
A Consider outreach early and often our vapor intrusion you have

, Investigation.

A Be transparent

A Maintain relationships

A Recruit partners

(e.g., translators, community
organizers)

A Listen

*f\‘ U'i | 4&

< B

/4

/
)

ENVIRONMENTAL RESEARCH |
T R l



Questions from the Public

Is this why |
Wil this smell diesel?

affect my

| eptoperty
We donot value?
work to disrupt

O rcareyou What is that
work after Do | need round silver

I : to be thing?

.. k-0 & L R
S

Is this a
health
concern?

Source: Pixabay (adapted)

l S ITRC Risk Communication Toolkithttps://rct -1.itrcweb.or
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https://rct-1.itrcweb.org/
https://rct-1.itrcweb.org/
https://rct-1.itrcweb.org/

Multiple Communication Tools Needed

A Prepare documents that help you ®

communicate o _\
A Fact sheets

Common topics

A Frequently Asked Questions Aesthetics
. . : Cost
A Repeated conversations with same party Property value
. . . Access and privacy
A Communicate by multiple methods Occupant notification
A Group Settlng Impact to operations

Health and safety
Long -term management
Language barrier issues

A One-on-one discussions

Source: Pixabay
(adapted)




Communicati on | Everyoneos J

A Responsible party

i _ _ A Environmental consultant
A Every interaction and < Eield staff

perception matters

>\

Engineer/mitigation designer

A Every stakeholder plays arole A Miigation installer
IN communication A Field staff, plumber, electrician
] : : : A Regulator
A Be mindful of situations where . Risk
h t Is not the owner " Riskassessor
the occupan A Community representative(s)
A Owner/tenant




Additional Resources

Risk Communication Toolkit

+ INTERSTATE =«
J o
Welcome g |'|'Rc
- [¢]
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Risk Communication Toolkit o Q
* AHOLVINO3AY «

"!/ Print this page/section

Chapter 3 Community Engagement ITRC Risk Communication Toolkit (2020)
https://itrcweb.org/resource/vapor -intrusion- https://rct -1.itrcweb.org/
toolkit
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