Starting Soon: VIM Session 2

= ITRC Resources:
https://itrcweb.org/vapor-intrusion-toolkit

= CLU-IN Training Page (slides available):
www.clu-in.org/conf/itrc/vim-1/
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Housekeeping

« This event is being recorded; Event will be available On Demand after the
event at the main training page: www.clu-in.org/conf/itrc/vim-1/

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

= Need confirmation of your participation today?

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

. - : D I c Interstate Technology & Regulatory Council,

EvIONMENTAL RESeARen 1250 H Street, NW Suite 850 | Washington, DC 20005
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ITRC — Shaping the Future of Regulatory Acceptance
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Vapor Intrusion Mitigation —
A Two-Part Series Training

2026 ITRC Vapor Intrusion Toolkit

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

Hosted by: US EPA Clean Up Information Network (www.clu-in.org)



Today’s Presenters

Peter Grant
EPRO
peter@eproinc.com

Matthew Williams

Arcadis
Matthew.Williams@arcadis.com

Kelly Johnson
Jacobs

Tina Ures : .
kellyg.johnson@jacobs.com

California State Water Resources
Control Board
tina.ures@waterboards.ca.qgov
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ITRC Vapor Intrusion Toolkit

= Compiled ITRC VI guidance into
new updated toolkit

= Vapor Intrusion Pathway: A Practical
Guidance (VI-1, 2007)

= Petroleum Vapor Intrusion:
Fundamentals of Screening,

Investigation, and Management (PVI-1,
2014)

= Technical Resources for Vapor
Mitigation Training (VIM-1, 2021)
= Toolkit provides best practices and
most defensible approaches to

support VI data driven decision
making

JUMP TO SECTION

lechnical and Requlatory Document

The ITRC Vapor Intrusion Toolkit replaces, combines, and updates three previous ITRC vapar
intrusion (V1) documents: Vapor intrusion Pathway: A Prachical Guidance (V-1 2007), Pefroleum
Wapar infrusion: Fundamentfals of Screaning, fnvesfigation, and Management (P T 2014), and
Technical Resources for Vapor Intrusion Mitigation (VIM-1 2027),

The Toolkit includes:

« Vapor Intrusion Technical and Regulatory Guidanca
+ Fact Sheets

+ Technobogy Information Sheets

+ Checklists

# Training Resources



Today’s Training Topics

VIM Session 1

Conceptual Community Rapid Remediation
Site Model Engagement Response and

for VI for VI and Institutional
Mitigation Mitigation Ventilation Controls

Introduction Closing
System

Active Passive Verification,
Mitigation Mitigation OM&M,
Approaches | Approaches | | Curtailment
and Shutdown

VIM Session 2



Vapor Intrusion (VI) Reminder

« Contaminants in soil and groundwater can
volatilize into soil vapor.

« VI occurs when these vapors migrate upward into
overlying buildings and contaminate indoor air.

= VI addresses vapor-forming chemicals (VFCs)
including volatile organic chemicals, semi-volatile
organic chemicals, pesticide compounds, elemental
mercury, and Per- and Polyfluoroalkyl substances.

« Petroleum Vapor Intrusion (PVI) is a subset of
VI that deals exclusively with petroleum
hydrocarbon contaminants.

Source: ITRC Petroleum Vapor Intrusion Guidance
(PVI-1, 2014)
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What is VI Mitigation (or Vapor Control)?

= VFC Vapor control can include
= Source remediation (Session 1)

= Rapid response (Session 1) Rapid Response

(HVAC modification)

= Institutional controls (Session 1)

Active/Passive
Mitigation

= Active or passive mitigation (Session 2)

Source: Geosyntec & GSI
Environmental, 2020. Used
with permission.




Coming Up Next...

VIM Session 1

Conceptual Community Rapid Remediation
Site Model Engagement Response and

for Vi for VI and Institutional
Mitigation Mitigation Ventilation Controls

Introduction Closing
System

Active Passive Verification,
Mitigation Mitigation OM&M,
Approaches || Approaches | = Curtailment
and Shutdown

VIM Session 2

Q&A Session to be conducted after each module

10



Active Mitigation
Approaches

= Active mitigation definition
= Technology overview
= Design considerations
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Source: Arcadis, 2025. Used with permission.




What is Active Mitigation?

= Continuous interception, dilution, diversion of soil gas
= Mechanized features (e.g., fan)

= Quantifiable data, may include
= Vacuum

= Flow rate

= Mass flux

= Differential pressure (AP)

= Reduction in sub-slab vapor concentration

Sub-slab Depressurization (SSD) | *c-:
Technology Information Sheet

Source: Clean Vapor, LLC, adapted from USEPA (1993),
used with permission.
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Active Mitigation Fact Sheet

= Qverview for work products SYSTEMS FACT SHEET

COUNCIL

ACTIVE VAPOR INTRUSION MITIGATION ﬁ”j
1

ADCIONHDAL

& AHOUNIND3Y

Active Mitigation Types

= Most common active mitigation y
This fact sheet includes a brief description of five of the most common types of active vapor intrusion

a p p roa C h es . mitigation systems (VIMS). Each system is also described in a supporting technology information sheet
. as follows:

. . + Aerated Floors Void Space Systemns (VSS)—see Aerated Floor Void Space Systems Technol
= Sub-Slab Depressurization (SSD) Information Sheet

Crawl-Space Ventilation (CSV)—see -

SU b'SIa b Ve ntl ng (SSV) *  Sub-Membrane Depressurization (SMD)—see Sub-Membrane Depressurization Technology

Information Sheet
Su b_ M e m b ra ne De p ressu rlzatlo n (S M D) +  Sub-Slab Depressurization (SSD)—see Sub-Slab Depressurization Technology Information Sheet

. . =  Sub-Slab Ventilation (SSV)—see Sub-Slab Ventilation Technology Information Sheet
C raWI S pa Ce Ve ntl Iatl O n (CSV) In addition to or in conjunction with the five types of active VIMS noted above, the following active VIMS

approaches may be used to assist in addressing vapor intrusion (V1) risk. These methods may be used
for termporary mitigation or rapid response mitigation, or in building-specific situations where the main

| VO | d S pa Ce Syste m S (VSS) methods (SSD, S5V, SMD, or CSV) may not be effective or may not be effective on their own. Some of

these technologies are described in other technology information sheets, which are referenced below:

+ Ind ir filtration— he Indoor Air T Technology Inf ion Sh dthe U.S.
| Refe re n Ces AN SI / AAS RT sta n d a rd S En\r?ran::e;tt;?t;:t&zteli; .:g:ng;; {lflr"SErlf:I;; ,irgsor?ﬁ:n-;ased“:r;:::?eﬂ S};z:snfn: :enmrr'ng

Chemical Vapors from Indoor Air (Schumacher et al. 2017).

+ Aerobic Vapor Migration Barriers (AVME)—see the Aerobic Vapor Mitigation Barrier Technology
Information Sheet
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Tech Sheet — Sub-Slab Depressurization (SSD)

= Negative pressure in sub-slab relative
to indoor

= Fan pulls vapor away from the slab
and out riser pipe

= Flushing of sub-slab reduces vapor —
concentrations -
INLINE
«—— CGENTRIFUGAL
. BLOWER
LOW PRESSURE | -
- [l seaen - HERAEEE
| FLoOR [T
L, e TR |
SOIL GAS SALL e
COLLECTION SUgSP 11 a [HE
G AP M A SRR S I T -
o~ 9.5
Sub-slab Depressurization (SSD) [ ‘\: =) B O -5-:.?;"__'..:-_ .
Technology Information Sheet [~ =% =.. 5 ocLeanvapon |5~ s

Source: Clean Vapor, LLC, adapted from USEPA (1993),
used with permission.

See: Tech Sheet — Sub-Slab Depressurization
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Tech Sheet — SSD Primary Components

Suction Point Riser Fans/Blowers

Source: Arcadis

Source: Arcadis Source: Arcadis

Sealing cracks and sumps

Suction point

g

Source: Haley & Aldrich, 2026 Sourc: Arcadis 15

. A R | "
ource: Haley & Aldrich, 2026 Source: Arcadis




Tech Sheet — SSD Additional Components

Flow control valves, sample ports

Manometers, gauges, telemetry Sub-slab differential pressure

Source: Haley & Aldrich, 2025. Used with permission

Source: Arcadis, 2025. Used with permission. Source: Arcadis, 2025. Used with permission.

Larger System Equipment

Vapor Phase Carbon Units (Example)

* Airfilter « Emission controls m—
 Makeup air » Intrinsically safe T |n ||hll\||1| MM i

r.

« Condensate knockout components

« Condensate bypass
« Silencer

* Flowmeter

« VFD

-

Source Arcadis, 2025. Used with perm|55|on
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Tech Sheet — SSD in New Construction Scenario

Advantages

Higher subgrade material transmissivity
Fewer riser pipes

Can design to bridge footings

Small fans, less electricity usage

Vapor membranes may be less robust
when not used for passive mitigation

Optional activation of system based on
post construction sub-slab data

- 0 vk " q-“‘l .:;b:l.
Source: Clean Vapor, 2020.
Used with permission.

Source: Arcadis, 2025.
Used with permission.

i

Used with permission.

17




Tech Sheet — SSD in New Construction Scenario

Positive cost impact during install and operation

» Larger blowers/more blower

* More riser pipes

 Install while facility is
occupied

Installed after
Construction

Source: Pixabay (adapted)

Installed during
Construction

* In-line fans
* Fewer riser pipes
« Piping can be installed

within walls

Source: Arcadis, 2025. Used with permission.




Tech Sheet — Sub-Slab Venting (SSV)

= Similar to SSD

= Air flow reduces sub-slab vapor
concentrations

= Sub-slab is high-permeability materials or void
spaces

= Performance measurements include

= Reduction in sub-slab vapor concentrations

Differential pressure

= Air flow rate
= System vacuum

Mass flux
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Tech Sheet — Aerated Floor/Void Space Systems (VSS)

= New construction, or can be installed over an
existing slab

= A unique design component for SSD or SSV
= Continuous void space under slab

= Plastic forms on subgrade prior to concrete slab
pour

Vent riser pipe
-~ to roof

Void

/ Concrete Slab
¢

e ¥ .
L v & - v s |
! - ¥ i e T oy
¥ - - o
o = T ¥ - o | -
5 i . gy b : =
= F ] [ =

Source: Clean Vapor, 2020. Used with permission.

LT

Source: Cupolex Engineering Solutions, Inc., 2026. . 20
Used with ppermissio?]. ° See: Tech Sheet — Aerated Floor Void Space Systems (VSS)
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What is the difference between depressurization and venting?

SSD SSv
= Difference in pressure = Air movement to dilute vapor
between sub-slab and the sub-slab concentrations
indoor air
= Lower sub-slab vapor
= Impacted vapors cannot concentrations = indoor air
enter indoor air = indoor below risk thresholds

air below risk thresholds

SSD
SSD oSSV

SSV

[Key Point: J
Active VI Mitigation Systems typically benefit from both SSD and SSV!

21



Performance Metrics

Primary performance metrics change depending on active mitigation system type

SSD S5V

v < Less Common Tools > '




Performance Metric — Differential Pressure

Potential natural
condition

Operating SSD

-Pressure +Pressure
+Pressure -Pressure

Positive differential pressure Negative differential pressure

+AP Source: Haley & Aldrich, 2025. used with permission _AP



Performance Metric — Differential Pressure

Differential Pressure over Time

0.040

0.030 N

0.020 ﬂ
8) SSDS On
= 0.010
£
: !
st 0.000
2 Y
¢ ﬂ
L -0.010
©
g -0.020
o SSDS Off SSDS Off
(v -
£ -0.030 M

-0.040

0.0 5.0 10.0 1.0 20.0 25.0 3@q.0 35.0 40.0 45.0 50.0
Time (minutes)
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How much differential pressure is enough?

= State guidance may recommend a targeted
design level AK <0 MN -0.012 to -0.020
= See ITRC's Summary of State VI Practices CA — -0.016 to -0.040 | NJ -0.004
(Appendix A) DTSC
= Differential pressure should be maintained CA-  -0.016 NC -0.016
under reasonably anticipated building RWQCB
conditions CO -0.020 OH -0.020
= Measured at locations that demonstrate a GA -0.004 PA -0.01 to -0.025
radius of influence (ROI) IL -0.003 ™ -0.004
" Most commonly measured in Pascals (Pa) or IN <0 VT -0.008
inches of water (inWC)
MA -0.012 to -0.020 | WI -0.004
= 1 Pascals (Pa) = 0.004 inches of water column M 0
(in WO) <

Excerpt from Eklund et al 2023, Summary of State VI Guidance
=  Remember SSV may also be occurring

Key Point:
Effective mitigation typically means maintaining depressurization under reasonably -
anticipated building conditions




Performance Metric — Vapor Concentrations

Measurable
negative differential
pressure

No measurable
negative differential

\ .
pressure \
| Suction Point
: |
. . .‘ ./
Measurable \ /-
- . \ /
reduction in vapor N ~ 1
concentration ~—. —rl7__
[ . . . |,

Source: Haley & Aldrich, 2025. Used with permission.

Sub-slab vapor concentrations at VP-2 over time

1,000,000

100,000

10,000

1,000

Concentration (ug/m3)

Sub-slab screening level

10

Mitigation system start up

1 y
1-Oct 9-Jan 18-Apr 27-1ul 4-Nov 12-Feb  23-May  31-Aug 9-Dec

Key Points:

* Differential pressure alone may underestimate lateral influence of active mitigation
® (Other metrics like sub-slab vapor concentrations should be considered
\.* Performance evaluation should use multiple lines of evidence! )

\

26




Performance Metric — Vapor Concentrations

Case Study

SSDS implemented at a
large manufacturing
facility

Sub-slab TCE,
exceeding 30 million
Hg/m3

SSDS achieved
depressurization and

Sub-slab TCE
concentrations reduced
by up to 5 orders of

PRE-MITIGATION
(2021 - 2022)

POST MITIGATION
(2024)

POST MITIGATION
(2026)

o

) .

magnitude
MITIGATIC;N IMPLEMENTED INCREMENTALLY BETWEEN 2022 AND 2023 Source: Arcadis, 2026. Used with permission.
Key Points:
® Substantial reduction in sub-slab concentrations achieved/maintained by SSDS




Knowledge Check

An active VIMS in which building is more likely to be evaluated for

: . _ )
effectiveness primarily as a sub-slab venting system? O
Building A Building B
High permeability (gravel) Low permeability natiyg soil
under slab s under slab iznt?
n*i&ifi:f;?. i
DU TS R For o g ‘%3.1 ﬁlg&
Mk Concrete m“,,af%:; 1*.*3*2 Concrete 4_,.,, £
ery g'-r'r'v T T &f‘j‘: e T T ”ﬂg’fé;;f
')'Eji-'.{‘-'.".'-h'ﬁ “ . 1-::{' A .-FE 1
Gravel }&“"-;'*""t ! “ .
e Native Soil fg#‘ s
Native Soil ' w-.a ;;f,;w e, ::.'ﬁ;.t-j 1;;_;{":‘-3*-;%.;;&5_"':'5 e
Ry At et S

Source: ERM, 2020. Used with permission.
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Knowledge Check

An active VIMS in which building is more likely to be evaluated for
effectiveness primarily as a sub-slab venting system?

7

Building A Building B
High permeability (gravel) Low permeability native soil
under slab A "tg under slab :. {E
wi*rﬂ;g “‘"” eei
‘z{-* 3o B XA b T p*:" h?t ‘}.f# ?wﬁmﬁl"‘h&“y? Y g:

23 5 iy
3.,,;‘ Concre’re "i’r-*"’ e ?,ﬂ:_ Concreie 7t Fae
~" ozt \; ,fé;; f‘ e SR ;:?& ..f
‘?’”:P‘r

Gravel f&;, 4

A’é‘,ﬁfﬁ}?f

Native Soil

Native Soil 3:&1
il r‘*

Source: ERM, 2020. Used with permission.
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Tech Sheets — Other

Sub-Membrane Depressurization (SMD) Crawlspace Venting (CSV)
S FLASHED \ .
INLINE ~<—— ROOF VENT 0
CENTRIFUGAL z |
BLOWER —* A
PG
i FIRSI FLOOR BUCTIORE
PVC DUCTWORK
LINE
HIHTHIFIIGM.
N BLOWER
Loy ————=p oy .
PRESSURE ALARM I
EH“SPEEH = _._ ----------------- :{:EE&W HEATER
MEMBRANE B R D Iy DUCTED IN o I
PRFATE P = D) e N
P A TP e ot DA AN NG F
e e E—&L\é.-.&'-éir-'bnu FOOTING . \.{ LA \x’ 5 \ % \\
Figure 1 of the SMD Tech Sheet. Source: Clean Figure 1 of the CSV Tech Sheet. Source: Clean
Vapor, LLC. Used with permission. Vapor, LLC. Used with permission.
= Preferred — vapors captured under a membrane = Less Preferred — utilizes the crawlspace as a plenum for
= Should be utilized if crawlspace is safely accessible vapor transport
= Sufficient working space = Should be used only when crawlspace is not accessible and
= Structurally sound = Combustion appliances are not present in the crawlspace

= Water pipes are not present that could freeze
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Starting the Design Process...

Let’s assume that you:
= need an active mitigation system
= know which type of active mitigation system you want

How do we start a design???

Source: Pixabay (free for use)




Design Considerations Fact Sheet
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Design and Implementation Considerations

= Guide through design considerations for Vapor Intrusion Mitigation Approaches
Fact Sheet

= Relative importance to active mitigation T ot describes he mos common design consdrtons o stvevpor o it

be considered as part of any design process,

PRI p e T

COAIMCIL

INTRODUCTION

Multiple factors affecting the suitability and efficacy of vapor intrusion (V1) mitigation should be
considered during the design, review, and approval process, as discussed in this fact sheet, The selected
technology should be based on a good understanding of the ¥l conceptual site model (C5M) and able to

I L
Don t FO rge . meet the remedial objectives pertaining to soll vapor conditions at the site, whether applying an active

WIMS, passive VIMS, rapid response, and/or an environmental remediation technology.

and the remedial objectives; this then leads to the design basis (I.e., an explanation of how the selected
approach and technologies will meet the remedial objectives at the site). In many cases, this review

Take -‘nto aCCOU nt the CSM The design process should begin with a consideration of the VI C5M elements applicable to mitigation

| |
indicates that additional information is needed for design of a specific type of VIMS; therafore, the need

tem Ver‘f‘ Cat|0n and for predesign investigations and/for testing should be considered. Once sufficient information is available

P\a n for SyS for design, the next consideration is the design itself —the area that requires VI mitigation along with the

L WI mitigation components, installaticn details, and specifications. Other design considerations include
installation and operating permitting requirements; stakehol der requirements and communications (see

OM &M Chapter 3: Community Engagament), the need for construction quality centrol; the need to demonstrate
systemn effectiveness and reliability; and the need for operation, maintenance, and monitoring (OMMER)

plans, incleding a potential VIMS curtailment strategy (see the Interstate Technology and Regulatory

Council [ITRC] Yapor Intrusion Mitigation System Curtailment and Shutdown Fact Sheet).

Table 1 identifies the design considerations that are discussed in more detail below and evaluates their
typical importance and impact on the design of an active VIMS (ee ITRC Active Vapor Intrusion
Mitigation Systems Fact Sheet), passive VIMS (see the Passive Vapor Intrusion Mitigation Systems Fact
Sheet), environmental remediation technology (see the Mapor Intrusien Bemediation and Institutional

Confrols Fact Sheet). or rapid response (see ITRC
Eact Sheet). Mote that the Importance of any factor can vary depending on site- and bullding-specific

conditions and regulatory requirements.

Table 1. Summary of design considerations and impact on mitigation approach.

% INTERSTATE

See: Fact Sheet - Design and Implementation Considerations
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Design Considerations — New Construction

= Install low-cost infrastructure and activate as needed

= Can be combined with thinner vapor membranes
than passive mitigation systems

= Membrane thickness variable based on site
conditions, plans for system activation, etc.

= Typically utilizes inline fans

= Include sub-slab ports located for sub-slab sampling
and differential pressure measurements

= Review building construction drawings to identify
relevant building features (foundation plans and
details, architectural drawings, HVAC, etc.)

| ]
i ER1S
e ENm)NMENTAL RESEA’RCH

INSTITUTE OF THE STATES
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Design Considerations — Existing Buildings

Factors included in design may be: [‘“ P—
» Foundation type (multiple foundations) Vent stack L. o |k &

i i installation T et —
» Slab integrity -
« VI preferential pathways (VIPPs) il |
= HVAC - settings, location of intakes
= Building dimensions E
= Exterior fagade requirements l Vapor,

Used with permission.

And many more! — see ITRC's Active
Mitigation Checklist

Sealed floor
cracks

[l L "
Source: ERM, 2020. Used with permission.
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Design Considerations — Design Investigation

Sub-Slab Diagnostics

= Pressure field extension (PFE) testing Suction
Typical for existing buildings Point

Used to determine
= Suction point spacing
= Number and size of fan(s)/blower(s)
Measure
= Applied vacuum and flowrate at suction point

= Differential pressure at various distances from
suction point

Test at multiple applied vacuum/flow rates

Test multiple locations in large buildings (variable
sub-slab conditions, typically at building additions)

Consider sampling extracted vapor

Source: ERM, 2020. Used with permission. Diff !Dre§sure _
Monitoring Point




Design Considerations — Design Layout a

Establish mitigation area based on

sub-slab data

Locate sub-slab monitoring points
Telemetry considerations
Is vapor treatment needed?

Legend

- T
o~ s

N\

\
¥ Radius of Influence [

Suction Point

Source: Arcadis, 2025. Used with permission.




Design Documentation

= Design basis

= Design drawings

= Permitting — building permitting and air
discharge permitting, if needed

= Installation instructions and specifications

= Construction quality assurance (CQA)
= See ITRC's CQA Factsheet

= Preliminary OM&M plan

= May include stakeholder/community JdL
engagement pla n Source: Arcadis, 2025. Used with permission.

* INTERSTATE g “
'“'I E R I S See: Fact Sheet - VIMS Construction Quality Assurance
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ACTIVE MITIGATION CHECKLIST e TR

* RECUYINDTY =

] ] ] ]
A‘ t I Ve M I t I a t I O I I Details and types of active mitigation can be reviewed in the Active Vapor Intrusion Mitigation Systems
FEact Sheet The primary active technologies that are the focus of this design checklist are sub-slab

deprassurization, sub-slab venting, sub-membrane depressurization, and crawkspace venting, and these

n technolegies are detailed in their respective technical informaticn sheets. This section focuses on design
checklist considerations for existing buildings where the design needs to accommodate an existing
e C I S building slab, Some of the considerations in the checklist below may also apply to new construction if an
active system such as a sub-slab depressurization system is being installed. This differs from mitigation
of new construction that consists of a passive barrier or aerated floor. For the passive mitigation

systems, see the Passive Mitigation Checklist,

Active Mitigation System Design and Documentation

Have all the building's slab areas been fully charactenzed for D'T'EE DNG
contaminants?

Has pressure field extension (PFE) testing been completed? D\'es DNo

Have emissions been calculated and compared to local discharge limits, D\fes DNu

Walks through each design consideration e have anynecessary permis heen cbieined?
Selection of System Materials and Methods

Prompts user for Slte_specrﬁc Informatlon + Were total building footprint, foundation type, and under-slab DYes DNu

compartments (created by haunches, thickened slab, or elevation changes)
. . . conzsidered in the design process?
Not all items may be applicable for all sites
Have maonitaring points (i.e., sub-slab differential pressure manitoring [ e [Ne
points/embedded probes, riser vacuum, and flow monitoring points) been
included in the dasign?

Has depth 1o groundwater been considered (along with management |:|'-res
methods as warranted, such as dewatering)?

See: Checklist - Active Mitigation
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= Definition of active mitigation

= Common active mitigation approaches for new
construction and existing buildings

= Important performance metrics | —pe
= Active mitigation design considerations -
= Design documentation - [y e
LOW PRESSURE ] s
ALARM =11 seaLen =R
pae Hie
COLLECTION surgp 1 el ; il
A ] SOl

= ocLeanmvaron L' -

Figure 1 of Sub-slab Depressurization (SSD) Technology
Information Sheet.




Next Steps

= Install the system as designed
= \erify effective installation and operation
= Conduct routine OM&M

= Monitor and plan for an exit strategy

Subsequent steps covered in other modules




Question & Answer Break




Coming Up Next...

VIM Session 1

Conceptual Community Rapid Remediation
Site Model Engagement Response and

for Vi for VI and Institutional
Mitigation Mitigation Ventilation Controls

Introduction Closing
System

Active Passive Verification,
Mitigation Mitigation OM&M,
Approaches ||| Approaches | Curtailment
and Shutdown

VIM Session 2

Q&A Session to be conducted after each module

42



Passive Mitigation
Approaches

Passive mitigation definition
Technology overview

Design considerations
Installation planning
Construction quality assurance

Source: thenounproject.com.
Used with permission.




What is Passive Mitigation?

= Does not rely on mechanical means (e.q.,

fans/blowers)
= Block or divert contaminant vapors around the

building
= \enting relies on natural mechanisms

= Stack effect
= Barometric pressure changes

= Dilution of chemical vapor l\l\llH

e P e T3 e
Source: Adapted from ITRC.




Common Passive Barrier Systems

BT (] )

‘!i“” “"llﬁ

Composite Membranes (CM) Single Sheet Membranes (SSM) Epoxy Floor Coatings (EFC)
Source: EPRO Services, Inc, 2020. Used with permission. Source: EPRO Services, Inc, 2020. Source: Land Science, a Division of Regenesis.
Used with permission. Used with permission.
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Tech Sheet — Composite Membranes (CM)

General Design e
Concrete Floor Slab ;_:.-—"' B e
= Barrier to prevent VI in new N e t
buildings Cap Sheet, | & Lt sl
ALM \l s 1 ’

= Typically comprised of

Base Layer
= Base layer :
_ _ Permeable Substrate Al
= Continuous asphalt latex material ’{
(ALM)
= Cap sheet
) ] Passive sub-slab venting system
= Effective for a wide range of
Conta m I na nts Figure 1. Composite Membranes Technology Sheet. Souce: Adapted from CETCO. Used with permission.

. - : D I C See: Tech Sheet - Composite Membranes (CM)
8 § ENVIRONMENTAL RESEARCH
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Tech Sheet — Composite Membranes (CM)

Installation
= ALM spray applied to a carrier layer

= Manufacturers provide specific
installation instructions

Source: EPRO Services, Inc, 2020. Used with permission.




Tech Sheet — Single Sheet Membranes (SSM)

General Design

Structural Concrele Foundation/Siah

= Typically comprised one or more materials,
such as:

= High-density polyethylene (HDPE)
= Linear low-density polyethylene (LLDPE)

Tl Sand Ahove Vapr Barrier (OntioRaD

o Heat Welded Overian Seam

60 Mil min. High Densily Polvethylene
(HOPE) ERNanead U3por Barrier

Band aor Gravel Below Membrang
Ouer Compacted Subarate

u EthYl VIﬂYl Alcohol (EVOH) — .‘| Fillet ExtPusion Bead
(il 1 Sa0d 1 s SRS it .
= Metallized films vent e —— =/ﬁnummumlu Welded Seam
= Effective for a wide ran ge of contaminants HOPE Lingr Filet EXtFUion Seam Overiap Defal
?S?;:?:IEHCS Typical HDPE Vapor Barrier System

Source: Geokinetics, Inc, 2021. Used with permission.

R l S See: Tech Sheet - Single Sheet Membranes (SSM

RONMENTAL RESEARCH
ITUTE OF THE STATES
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Tech Sheet — Single Sheet Membranes (SSM)

Installation
= Seams and penetrations sealed by
various methods
= Heat welding
= Spraying
= Taping

= Manufacturers provide specific
installation instructions

Source: EPRO Services, Inc, 2020. Used with permission.




Tech Sheet — Epoxy Floor Coatings (EFC)

= Applicable to all building types

= Most applicable to existing
building floors as a passive VI
barrier

= Involves concrete surface
preparation prior to application

= Can protect concrete
= Requires specialty applicators

« Specially formulated to resist
VFCs

Figure 1 of Epoxy Floor Coatings (EFCs). Application of EFC to concrete substrate.

See: Tech Sheet - Epoxy Floor Coatings (EFC)
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Common Passive Venting Systems

T

Passive Sub-Slab Perforated Pipe Trenchless Sub-Slab Geocomposite Aerated Floor Void Space Systems (VSS)
Venting Venting
Source: Duncklee & Dunham, P.C., 2025. Source: CETCO, 2025. Used with permission. Source: Vapor Mitigation Sciences, LLC, 2020.

Used with Permission Used with permission.

INTERSTATE «

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES

I
ﬁ
==y
<D

* ADGTIONHAL *

¥
=1
[
r
=
(o]
(V]

*

AHOLVINDIY 4



Passive Sub-Slab Venting

= Fundamentally different from SSD
= No power source required

= Relies on temperature and/or pressure
differences to induce airflow

= Most applicable to new construction
= Often used with passive barriers

: M— Exhaust Vent
Colder Air
'
Warmer Air
ik
Concrete slab
Permeable " S LT ey wowd —— Collection plenum
aggregate | Collection networ
: ~ S L R e )

to allow airflow

Figure 1. Passive Sub-Slab Ventilation Technology Information Sheet.
Source: S. McKinley, used with permission.




Passive Sub-Slab Venting

~

Colder Air i Exhaust Vent

Warmer Air

Permeable - AT,
aggregate Co ection netwol( __J

" e ® e
i e - o .y

to allow airflow
Figure 1. Passive Sub-Slab Ventilation Technology
Information Sheet.
Source: S. McKinley, used with permission.

Collection plenum

Collection network

53



Tech Sheet — Aerated Floor Void Space Systems (VSS

Vent riser pipe
g~ to roof

Void
Concrete Slab

= Create continuous void space under slab

= Low resistance to air flow, air exchange rates
are high

= Most applicable to new construction
= Proprietary forms designed for all building

types Source: Cupolex Engineering Solutions, Inc., 2026. Used with permission.

= Designed for SSV or SSD

Source: Vapor Mitigation Sciences, LLC, 2020.
Used with permission.

See: Tech Sheet - Aerated Floor Void Space Systems (VSS)
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Tech Sheet — Building Design for Passive VIMS

Vented Garages

= Used where space is limited

n Separates vapor source from Occupiab|e spaces | _ HBERI _ 11 | —

= Naturally or mechanically ventilated
= Ventilation rate written in building code IR AR
= Adequate ventilation rate needed to mitigate VI '

Figure 1 Building Design for Passive VIMS Technology Sheet.
Source: J. Kasunic, used with permission.
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Tech Sheet — Building Design for Passive VIMS

s, -
.....
'
-y

Raised Foundations & Ventilated Crawl Spaces

= Typically used in regions with:

= Temperate climates
= High water tables/flooding

= Separates vapor source from occupiable spaces
= Naturally or mechanically ventilated

= Design or ventilation rate often specified in building codes

Figure 2 (top) and Figure 3 (bottom) of Building Design
for Passive VIMS Technology Sheet.
Source: J. Kasunic, used with permission.




Starting the Design Process...

Now that you have seen what’s out there, let’s
assume you have chosen

= Passive mitigation
= The specific approach to implement

Now what???

Source: Pixabay (free for use)




Design Considerations — Drawings

= Materials used

= Layout of system components, including
vent, stack, and monitoring points

= Installation instructions and specifications

= Performance testing

ERIS
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Illustrative Images of design drawings only.

Source: Terracon Consultants, Inc, 2020. Used with permission.
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System Installation Planning — Pre-Construction Meetinc

= Include all persons involved with the installation
= Include ancillary trades who might impact the performance of the VIMs

p— o

meeting £
room i | \

:h“&-rﬁw,qnmww

Source: Pixabay (free for use)
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Design Considerations — System Verification

« Incorporate quality assurance & quality
control (QA/QC) into design

QA/QC sources:
= Manufacturer’s specifications
= Applicable regulations
= Site-specific considerations
« System Verification
= Smoke testing/Tracer gas testing

= Coupon sampling (membrane thickness)
= Oversight documentation

Smoke Tésting. Source: EPRO Services, Inc, 2020. Used with permission.
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Design Considerations — New Construction vs. Existing Buildings

High level of control in New
Construction

Must work around |
conditions within
Existing Buildings

Source: Contractors Waterproofing, 2021.
Used with permission.

ERIS 61
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Designh Considerations — New Construction

« Building-specific customization of
mitigation system

= Coordination with multiple
construction trades required

= VIMS design drawings aid in
successful installation

» Able to combine mitigation
approaches

Source: Kelly Johnson, 2020. Used with permission.




Design Considerations — Existing Buildings

= Conditions may limit the passive technologies
which can be used

» Foundation can impact system effectiveness

« Building modification may be necessary to
accommodate mitigation system

» Planning and construction oversight required

el e e

Source: Land Science, 2020. Used with permission.




Why is QA/QC Important?

Delamination

s 23

Source: Geosyntec, 2026. Used with permission. Source: Geosyntec, 2026.
Used with permission.

Source: Arcadis, 2025. Used with permission.
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Knowledge Check

What is the most important element of good design?
A. Letting the project team know you want passive mitigation
B. Understanding basic requirements with no formal design

C. Figuring it out as you go

D. Developing a formal design & implementing proper planning




Knowledge Check

What is the most important element of good design?
A. Letting the project team know you want passive mitigation
B. Understanding basic requirements with no formal design

C. Figuring it out as you go

D. Developing a formal design & implementing proper planning




= Define passive mitigation
= Major categories of technologies
= Key elements of system design

= Importance of Quality Assurance, oversight, and
documentation

Source: thenounproject.com.
Used with permission.




Next Steps

= Passive mitigation system verification

= Conduct routine OM&M

= Assess need for continued operation of passive mitigation system
= Consideration for these steps are covered within another module.

Subsequent steps covered in other modules




Question & Answer Break




Coming Up Next...

VIM Session 1

Conceptual Community Rapid Remediation
Site Model Engagement Response and

for Vi for VI and Institutional
Mitigation Mitigation Ventilation Controls

Introduction Closing
System

Active Passive Verification,
Mitigation Mitigation OM&M,
Approaches | = Approaches ||| Curtailment
and Shutdown

VIM Session 2

Q&A Session to be conducted after each module

70



System Verification;
Operation, Maintenance,

& Monitoring (OM&M);
Curtailment and

Shutdown g
o

M Is it Working?

Approaches and Considerations for:

« Initial performance testing
« Long-term stewardship
» VIMS reduction and/or shutdown




Plan and Communicate Regularly

Short and long-term VIMS stewardship
starts at the design stage

= Establish performance monitoring
metrics and approaches

= Consider approaches for curtailment
and/or shutdown

'_ b " S i
Understanding PFOA Class at Bennington College, Vermont
Fact sheets, Bennington College example

= Maintain active stakeholder engagement



http://www.bennington.edu/center-advancement-of-public-action/environment-and-public-action/understanding-pfoa

Post-Install Verification — Is the VIMS Working?

Confirm VIMS was installed as designed
= Consider the observations from VIMS CQA
= Perform a post-construction building condition survey
= Consider system balancing during commissioning

Performance testing to verify intended operation

Validate or adjust vapor intrusion CSM

Initial performance testing provides baseline for
future OM&M

Source: Integral Consulting Inc, 2020.
Used with permission.




VIMS Post-Installation Fact Sheet — Relative Impact

= Key considerations for VI system

ve rlfl cation Post-installation Consideration Active Passive | pomediation | 2Pid “
approaches | approaches response
= Multiple mitigation approaches Confirmation testing _
. Pressure field extension (PFE)
considered confirmation ’ - ‘ -
System vacuum, air flow, and velocity ° ) -
n Presents relat|ve | m pa Ct Of eaCh Sub-slab, indoor air, outdoor ambient . . . .
air sampling
d p p Foac h Mass removal rate . - =
Smoke and tracer gas testing . U ) J
= Narrative component to support Backdraft testing — - —
table Coupon testing — . = -
Telemetry - -
Key Hi E*h impact # Medium impact ©© Low impact = Not applicable —

See: Fact Sheet - VIMS Post Installation Verification
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Example VIMS Performance Metrics

« Pressure differential across slab

» Static vacuum and air flow rate

« Indoor air and/or sub-slab vapor sampling
- Smoke or tracer gas testing

;.4':5 FEFT 3
.15%;;?_;% %%ﬁy S

iz it WL Y b S e

Source: Geosyntec, 2020. Used with permission.




Post-Installation Verification Checklist

. : - POST-INSTALLATION VAPOR INTRUSION |} ===25
Accurate record keeping is critical for short- MITIGATION SYSTEM VERIFICATION

. CHECKLIST —
and long-term stewardship

The purpose of this checklist is to provide the user with a selection of tools to verify that the appropriate
sysiemn components for the vapor intrusion mitigation system (VIMS) were installed and the system is
operating a5 designed. This information applies to the four most common active mitigation systems: sub-
slab depressurization, sub-slab ventilation, sub-membrane depressurization, and crawl-space ventilation.
Passive systems are described in their associated fact sheets and technology information sheets. Itis
recommended that the user of this checklist review the VIMS design or as-built documentation pricr to

= Post-Installation Verification Checklist complatng i ki

This document was prepared with multiple types of VIMS in mind. Mot all of the information presented
below is necessary to document system operation for all types of systems on all types of buildings. The

u Field - rea dv Chec kl iSt —_ Vi a b I e fo Fm u Iti p I e user should be able to identify which criteria below best represent effective operation for their specific

VIMS and which criteria will validate the conceptual site model for which the VIMS was implementad.
Timing on when to collect post-installation verification data may vary and more than one event may be

System types (e . g y a Ctlve, pa SSIVe, SS D) reasonable. See the Vapor Intrusion Mitigation Systems Post-Installation Verification Fact Sheet for

additional information on timing a post-installation verification site visit

[ ] —_— d 1 b i - i - Instructions for Use: As-built drawings and performance criteria are needed when conducting inspections
Te m D | ate a _] u Sta Ie to flt Sta te O r S I te of VIMS. Major systemn components are grouped below for this checklist, and one or more of these
groups may not apply to a particular VIMS design. Those groups can be marked as Not Applicable by

S peCifi C n eed S selecting the "X’ box on the right side of the page.

This checklist is intended 1o serve as a guide for design considerations and as documentation for VIMS
H H H H installation. This list can be modified for a specific project or program if needed or can be used as shown.
u C h ec kI I St I n CI U d eS CO n StrU Ctl O n q U a | Ity The list should be submitted along with the final project as-builts and/or installation oversight verification
documentation and reporting.

assurance (CQA) considerations. Also refer to: e mFORMATION.

COUNCTIL
oea

1.
= VIMS CQA Fact Sheet Address Inspectect
. . . City, State, ZIP:
= Example VIMS CQA Outline Plan in Appendices
Inspector’s Name: Date/Time Inspected:
Inspectar's Email: Imspector's Phone No.:

INTERSTATE «

“ﬂ'
E—R—I& See: Checklist - Post Installation VIMS
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Knowledge Check

When is it most important to develop post-
installation verification procedures?

= During VI investigation

During mitigation design and planning
At the time of mitigation implementation
After construction

Never




Knowledge Check

When is it most important to develop post-
installation verification procedures?

= During VI investigation

During mitigation design and planning
At the time of mitigation implementation
After construction

Never




VIMS OM&M Fact Sheet

= INTERSTATE

Vapor Intrusion Mitigation System |
= Key considerations for long-term Operation, Maintenance, and Monitoring H
operations, maintenance, and Fact Sheet
performance monitoring INTRODUCTION
= Multiple mitigation approaches Al the migatio aytemha boo selete,desgned, and comissinec the aperato, matnarcs,

'd d intrusion mitigation system (VIMS). This fact sheet describes the key considerations of OME&M. Complex
CO n SI e re mitigation strategies will typically require more complex OME&M procedures. The key to OMEM is to

gather data to support maintaining the VIMS to operate as designed, with the goal that it remains
. . effective in the short and long term until it is appropriate to implement an exit strategy, if appropriate.
= Presents relative impact of each
Emerging technologies, such as aerobic vapor mitigation barriers, are not addressed within this fact
a p p roaCh sheet. Please see the Aerobic Vapor Mitigation Barrier Technology Information Sheet for more
information.

ASQTONHIAL *

COUMNCIL

OPERATION, MAINTENANCE, AND MONITORING PLAN

An OMEM plan provides instructions for VIMS operation and upkeep and should be prepared for each
installed VIMS. Information in these sections provides details for OM&M plan content that applies to the
installed VIMS in general and is not specific to just petroleum vapor intrusion (PV1). The goals of OME&M
BO N U S . VI M S O M &M Ch eC kl ist are to verify performance of the VIMS during operation as compared to performance during system
L commissioning and to inspect and repair any system malfunction (i.e., VIMS not operating to meet
performance objectives or due to system equipment life expectancy). In cases where testing shows the
VIMS is not working and no defects in the system components have been identified, reevaluating the
conceptual site model (CSM) to determine the presence or contribution of additional sources of vapor-

forming chemicals (VFCs) may be appropriate. For example, VFC transport via sewers or other
preferential pathways may require further evaluation if this pathway had not been addressed previously.

INTERSTATE «

| et
'“" ERLIS See: Fact Sheet - VIMS OM&M
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OM&M - Is the VIMS (Still) Working?

Evaluate if VIMS continues to meet performance metrics

Use multiple lines of evidence to evaluate performance \

Vet e Sywhen

Inform stakeholders as appropriate if changes are warranted SN ALY % < Discomec
Repair, modify, upgrade VIMS as needed

Ongoing data review:
= evaluate if operational or monitoring improvements or reductions are
justified
= Refer to VIMS Curtailment and Shutdown Fact Sheet

oy eanent ol §

Figure 5. Sub-slab Depressurization
Technology Information Sheet.
Source: R Saari, Arcadis. Used with
permission.




VIMS OM&M Fact Sheet Relative Impact

. Key ConSIderatlonS for OM&M Consideration Ap;'(:::::‘:les ApF;::Zt:es E“;:::‘:;::ta' Rez:i::i:se
VIMS OM&M
. o . Mitigation system operation
u MUItlple mltlgatlon Purpose of installation of VIMS o o o o
approaches considered Brief description of VIMS
Monitoring frequency and maintenance
= Presents relative schecue
Importance of each Key | High impact ® | Medium impact © | Low impact @ |
approach

High Impact: It is important to understand and continue to evaluate the
purpose and objectives of an operating active VIMS, especially in terms of
the occupation and use of the building in which it is installed. Understanding

= Same concept as VIMS

fActive Mitigation ot . " . o
. and periodically re-evaluating this purpose will facilitate the management of
POSt_InSta I Iat|0n the VIMS and the decision points needed to progress to an exit strategy if
¥ . . appropriate.
Verlfl Cat|0n ratl ng ta ble High Impact: The purpose and objectives of the VIMS and its role in

protecting human life are essential to understanding the OM&M process,
especially for passive mitigation where there are no mechanical
components.

[Passive Mitigation
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VIMS OM&M Checklist

= VIMS OM&M Checklist
= Field-ready checklist — viable for multiple system types (e.q.,

active, passive, SSD)
= Template — adjustable to fit state- or site-specific needs BONCD

A

_ 3. Mitigation System Operation

3.1. Was the mitigation system functioning as designed and operating upon M\n_-; DNq |:| MN/A
, arrival?

Category

If no, explain in Section 6 why the system was not operational and the
steps taken to correct the problem.

Pri ma ry prom pt If no and the cause of the system shutdown is determined, follow the
start-up procedures as detailed in the system OME&M plan and complete
the remainder of the checklist.

Conditional (secondary) prompt

3.2. Are there/have there been any unusual noises (e.g., water sloshing, D‘fes DNo D N/A
motor straining) indicating potential issues with VIMS piping, blower,
and/or motor?

If yes, discuss changes and possible impacts in Section 6.

EDIG See: Checklist - VIMS OM&M
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VIMS Curtailment and Shutdown Fact Sheet

= New Fact Sheet!

= Provides framework to support long-
term VIMS decision making

= Flow charts, tables, and conceptual
scenarios

= Example Curtailment Plan Outline

Figure 4. VIMS Curtailment and Shutdown Fact Sheet

EDIG See: Fact Sheet - VIMS Curtailment & Shutdown
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VIMS Curtailment and Shutdown Fact Sheet

3. Transition to
shutdown

1_. R_educe 2. Transition
monitoring scope from active to
or frequency passive

operation

Use multiple lines of evidence
® Chemical data (SSV, IA)
" Modeling
® Building-specific AFs
" Mass flux




VIMS Curtailment and Shutdown Fact Sheet

Use multiple lines of evidence over et 7 Redues i seops s ey

Scenario: Active VIMS, 55V axcesdance|s)
H - H = Condition: An active VIMS (i.e., with opersting mechanical Tans or blowears) has 1 o0 more 33V samples that excesd defaull SLs
I I I u I p e eve n S O eva u a e a n J u S I +  Question: Do MLE prossde justification 1o reduce monitoring scope (2.g., S5V samples, preumatic measurements) andfor frequancy?

Has a bullding-apecific attenuation factor been devaloped to WIMS improvernents liksly

curtailment or shutdown generate buiding:spesific SLa? For exemple: i

* JE-I? l'r_l-:rdal - | >S5l —s corfaunding sounces o LA
*  Buailding-specific sub-slak to 14 date quiility
= Building-specific sub-slab pneumatic data = Bcopa raduction unlikaly
J' ! RppropEiate
Preumatic performance monitarng data consistently
u Develop a nd eva I uate Strategy ea rIy \ achigves target (i.e., multiple events and seasons with * VMG Iimprovemants mey ba
Yas No l_ _, relative stability]? For example; yrmrmnied )
+  Sub-slab differential pressures achieve operating —= Mo |——4- Ih=Sle (—s * FBCUCTHINInmonitoring
targsts scopesiraquancy unlikaly
) . . appreprats unlsas
. *  Sub-slab flow and static vaouum achieve operating additional LOEs are
targets developad 1o suggest
= Evaluate performance over time e e
Dees S5V excasd T
building-specific SLs? | | +  Scope reduction not
- 1 Yoz Mo 1A e justificd; sco patcntial MLE
| Yes data b re-anvaluata in tha future

= U Se m u Iti ple I i n eS Of eVid en Ce to \ﬂ]}_‘ I Potertial MLE that cowld be used 1o consader VIMS monitoring ssope redustion: '

= WFCsn & anddor S5V are below 3L during multipls seascns and eventa

1 u Sti C h a n eS Soope reduction may be appropriate, | +=  Multiple rounds of consistent sub-slab preumatic data jo.g., differential prassures, sub-slab flove, and vacuum)
J = =ge sdditional LOEs that could be «  VIMS mass exbiaction momoring data demonsate allecies VIME opsation [Le., rmass Aus-related data) (MHaflany

: . at al., 2020]
can to lurther support potential
sidered riher suppart p 1n +  Building-specific sub-slab trecer dete demonsirate effactive YVIMS operatian (MeAlary at al., 2020)
acope reduction Fafar o MLE Fact Shast secticn far additianal considemtions

+ Communicate and plan with pertinent |5 )

stakeholders Figure 1. VIMS Curtailment and Shutdown Fact Sheet
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Knowledge Check

Which is the most important data to use to support &
VIMS curtailment and/or shutdown?

= The data from the first event

= The data from the last event

= Differential pressure data

= Multiple lines of evidence over multiple events




Knowledge Check

Which is the most important data to use to support S
VIMS curtailment and/or shutdown?

The data from the first event

The data from the last event

Differential pressure data

Multiple lines of evidence over multiple events should be used
to drive decision making




= Early planning and regular communication
is critical

VIMS

&
g Is it Still Working?
g Is it Still Needed?

= Different techniques, tools, and
approaches are considered for a wide
range of scenarios

= ITRC provides comprehensive planning
and delivery tools (fact sheets and field
checklists) covering multiple technologies




Today’s Training Topics

VIM Session 1

Conceptual Community Rapid Remediation
Site Model Engagement Response and

for VI for VI and Institutional
Mitigation Mitigation Ventilation Controls

Introduction Closing
System

Active Passive Verification,
Mitigation Mitigation OM&M,
Approaches | Approaches | | Curtailment
and Shutdown

VIM Session 2
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2026 Vapor Intrusion Trainings

Vapor Intrusion
YouTube Playlist

s , N e N
Understanding Vapor .
. \ J Vapor Intrusion
Intrusion: Introductory Mitigation:
Concepts & Se gion 2'
Fundamentals: Session 2 >
\ y, \ /
" Understand ) i |
Understanding Vapor ~, | Vapor Intrusion
Intrusion: Introductory Mitigation:
Concepts & Session 1
kFundamentaIs: Session 1; : \ J

Vapor Intrusion
Trainings

1S

IRONMENTAL RESEARCH
TITUTE OF THE STATES

https://clu-in.org/live
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Thank You!

Questions?

+ INTERSTATE

1RG

COUNCIL
ADOTOMHIAL *

+ AHOLYINDIY

Certificate of Completion: https://www.clu-in.org/conf/itrc/vim-1/
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