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The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition of regulators, industry experts, citizen stakeholders, academia and federal
partners that work to achieve regulatory acceptance of environmental technologies and innovative approaches. ITRC consists of all 50 states (and Puerto Rico
and the District of Columbia) that work to break down barriers and reduce compliance costs, making it easier to use new technologies and helping states
maximize resources. ITRC brings together a diverse mix of environmental experts and stakeholders from both the public and private sectors to broaden and
deepen technical knowledge and advance the regulatory acceptance of environmental technologies. Together, we're building the environmental community’s
ability to expedite quality decision making while protecting human health and the environment. With our network of organizations and individuals throughout
the environmental community, ITRC is a unique catalyst for dialogue between regulators and the regulated community.

For a state to be a member of ITRC their environmental agency must designate a State Point of Contact. To find out who your State POC is check out the
“contacts” section at www.itrcweb.org. Also, click on “membership” to learn how you can become a member of an ITRC Technical Team.

Disclaimer: This material was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency thereof and no official endorsement should be inferred.

The information provided in documents, training curricula, and other print or electronic materials created by the Interstate Technology and Regulatory Council
(“ITRC” and such materials are referred to as “ITRC Materials”) is intended as a general reference to help regulators and others develop a consistent approach to
their evaluation, regulatory approval, and deployment of environmental technologies. The information in ITRC Materials was formulated to be reliable and
accurate. However, the information is provided "as is" and use of this information is at the users’ own risk.

ITRC Materials do not necessarily address all applicable health and safety risks and precautions with respect to particular materials, conditions, or procedures in
specific applications of any technology. Consequently, ITRC recommends consulting applicable standards, laws, regulations, suppliers of materials, and material
safety data sheets for information concerning safety and health risks and precautions and compliance with then-applicable laws and regulations. ITRC, ERIS and
ECOS shall not be liable in the event of any conflict between information in ITRC Materials and such laws, regulations, and/or other ordinances. The content in
ITRC Materials may be revised or withdrawn at any time without prior notice.

ITRC, ERIS, and ECOS make no representations or warranties, express or implied, with respect to information in ITRC Materials and specifically disclaim all
warranties to the fullest extent permitted by law (including, but not limited to, merchantability or fitness for a particular purpose). ITRC, ERIS, and ECOS will not
accept liability for damages of any kind that result from acting upon or using this information.

ITRC, ERIS, and ECOS do not endorse or recommend the use of specific technology or technology provider through ITRC Materials. Reference to technologies,
products, or services offered by other parties does not constitute a guarantee by ITRC, ERIS, and ECOS of the quality or value of those technologies, products, or
services. Information in ITRC Materials is for general reference only; it should not be construed as definitive guidance for any specific site and is not a substitute
for consultation with qualified professional advisors.
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Internet Based Training (IBT)

Passive Mitigation
wiwe | System Verification and

OM&M/ Exit Strategy

== Active Mitigation




What You Should Learn

J
How access the mitigation strategies
information
» Identify the sections that wiii be
discussed in today’s session




ITRC VIM Webpage

» Interactive Directory
» Fact Sheets

» Technology Information Sheets
» Flow Chart for VIM CSM
Development (Figure 2-1)

""""" L =

» Considerations and impacts of
various VIM approaches

» Checkiists
» Additional information
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Supporting Information:
Design Considerations; Post-Installation; and Operation, Maintenance, and
Monitoring/Exit Strategy

Checklists for Active and Passive Mitigation:
System Design and Documentation; Post-Installation System Verification, and
Operation, Maintenance, and Monitoring

***NOTE THAT checklists for active and passive are covered in their respective
modules, not as a separate module



Vapor Intrusion (VI) Reminder

Contaminants in soil and groundwater
can volatilize into soil gas.

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

» Chlorinated Vapor Intrusion (CVI):
addresses chlorinated compounds

ion Pathway: A Practical

Guideline (VI-1,2007)

» Petroleum Vapor Intrusion (PVI):
subset of VI that deals exclusively
with petroleum hydrocarbon (PHC)
contaminants

Source: ITRC Petroleum Vapor Intrusion
Guidance (PVI-1,2014)

Start by talking about "What is Vapor Intrusion" or VI and why we are here so that there is a
common understanding of what it is.

First it requires contaminants or hazardous substances to be released into soil and groundwater
that can volatilize into soil gas.

Vapor Intrusion occurs when these vapors migrate upward into overlying buildings and
contaminate indoor air.

It requires soil for vapors to migrate and diffuse through

If present at sufficiently high concentrations, these vapors may present a threat to the health
and safety of building occupants.

Also, quickly mention preferential pathways

There are generally considered 2 specific types of vapor intrusion Chlorinated Vapor Intrusion
(CVI1) which addresses chlorinated compounds and Petroleum Vapor Intrusion (PVI) is a subset of
VI that deals exclusively with petroleum hydrocarbon (PHC) contaminants

Understanding the differences between each is critical as there may be different mitigation
strategies for each type of vapor intrusion



VI Mifigation (VIM)

» Implemented to reduce indoor air
contaminants due to VI below applicable

action or screening levels
e Ammman il nd L.
» ACLUITIPIHISHICU DY
» Modifying the VI pathway to reduce the mass flux

of contaminants entering the building

» Reducing indoor air contaminant concentrations
by removal or dilution

LRE R




What is VI Mitigation (or Vapor Con’rrol)e

Ir151liuf|onoIComrols

» VOC Vapor control can include
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Source: Geosyntec & GSI Environmental,
2020. Used with permission.
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NOTE: THESE SLIDES WILL STEP THROUGH EACH
Multiple different mitigation strategies which is also called vapor control

Environmental remediation (CLICK) which address the contamination at the source
Building mitigation measures (CLICK) which typically involve active and passive mitigation
Rapid Response (CLICK) which is employed to quickly address known or potential vapor
intrusion until longer term remedies can be implemented

Institutional controls (ICs) (CLICK) which are tools used to restrict different types of
development or event the development itself

You will learn about the tools for each today and when appropriate each of these methods
can be designed to reduce or prevent VI from occurring
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Steps in the VIM Process

( Pre-System Installation W
1. Assessment of Site Conditions
' 2. Technology Selection
3. Develop and Document System e . - —
\_ Design P / Post-System Installation
1 7. System Verification

a) Inspection

b) Verification Sampling

¢) Confirming Performance QA/QC
Q Nariimantatinn

AV I ILLivIg

9. Operation, Maintenance,
n

\g d Monitoring /

System Installation

4. Pre-construction Meeting
5. Installation
6. Installation Oversight

INYIROMMINTAL RESLARCH
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Coming Up Next...

Session 1

Rapid g
CsM for Vi Public Response | }I "l
Mitigation Outreach L . o Confrols |
|Closing Remarks}
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Session 2

QR&A Session to be conducted after each module
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Figure 1 of the Sub-slab Depressurization (SSD) Technology
Information Sheet.
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Objectives of Module

» Active mitigation definition
» Technology overview
» Design considerations
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The goal of today’s presentation is to provide an overview of active mitigation to a wide
audience with varying degrees of experience with these technologies.
Training is applicable to state and federal regulators who may be tasked with evaluating
active mitigation designs, industry professionals who are considering various technology
options
The training content based on the work documents developed by the ITRC VIMT
Objectives are

* Set definition for what we consider active mitigation when developing docs

* Provide an overview of various Active approaches covered by the VIMT .

* Review key design considerations for active mitigation

14



What is Active Mitigation?

» Quantifiable by physical measurements,
may include

» Vacuum

|||||
TRIT

» Flow rate
» Mass flux
» Differential pressure

Figure 1 of the Sub-slab Depressurization
(S8D) Technology Information Sheet.

* Active mitigation is the continuous diversion of vapors from under the building to the
atmosphere outside using mechanical means like a fan or blower.

* The mechanized feature is what defines it as active.

* Active systems can be measured with, physical measurements, so it is easy to
determine effectiveness

* Some of the measurement types are listed here on the slide for example vacuum and
flow within the piping or differential pressure which measures vacuum under the slab
relative to the indoor air space

15



Active Mitigation Fact Sheet

Vapor Intrusion Mitigation (VIM)

———

Active Mitigation Fact Sheet

» Overview for work products
£

n Mitirl crimmarine nf artivun mitiaatin
P AUV ouTinnnidail ico Wi aulivic rinvyavivii
approaches -

» References to previous ITRC
and ANST/AASRT
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"
i

standards
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* Fact sheet is laid out as a summary guide to the content in various other Active
work products

* Note quick summaries on the technologies that were common enough that we
created Tech Sheets

* but also has quick descriptions of other lesser common technologies that may
be encountered

* Numerous references to previous ITRC documents (2007 and 2014)

» References to updated ANSI/AASRT standards if you are looking for details to
actually design a system



Tech Sheet - Sub-Slab Depressurization (SSD)

General Desig.
» Negative pressure in sub-slab soil |
relative to building envelope

[PIC DUCTWORN

e O S

e Ate Flaua, Al ciil_olal . siim
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point — riser pipe — vent stack —

atmosphere et
» Fans outside occupiable building __ B
enVEIope w0 CRUSHED STONE
=3 Seal Cracks and Other penetratlons Figure 1 of $SD Technology Figure 2 of $8D Technology

Information Sheet Information Sheet

(utility entrances, etc.)
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. Next we will go into more details of what the four most common types of active
mitigation systems look like.

*  VIMT created technology information sheets for each of the common active
approaches

. Each goes through their general design, components, pros and cons and possible cost
implications.

. Here is the first one - Sub-Slab Depressurization (PRESENTER: DO NOT SAY "S-S-D",
TOO HART TO UNDERSTAND OVER IBT)

. Draws air from beneath the slab to collection point, through riser pipe, vented to the
atmosphere

*  Notice fan placement both outside or, if inside it is outside the occupiable building
space

*  Typically thought of as a retro fit of an existing building but can be used during
building construction

. Often coupled with crack sealing to increase effectiveness and efficiency

. Most common and most conservative mitigation method

*  Has been shown to be very effective

17



Tech Sheeft - Sub-Slab Depressurization (SSD)

vyvwy

v

Components

Electric fan/blower
Suction points
Vent piping & vaives

Measurement eauinment

urement equipmen

Source: Clean Vapor, 2020. Used with

(manometers, gauges, sensors, etc.) emison.
Optional: condensate knockout, condensate bypass, emission

controle

LSV LR LR )

Source: ERM, 2020. Used
with permission.

Components listed on slide
Measurement equipment includes (u-tube manometer, vacuum gauge, pressure

sensor, etc.)

Emission controls usually not needed for vent stacks but need to check your state’s
regs

Large systems may need emission controls, condensate knockout

There are adv and limitations to this technology and they are in the tech sheet,
talk about some in the course of this presentation but not specifically listed in
this presentation
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Tech Sheet - SSD in New Construction Scenario

» Greater system influence

» Hinhar ciiharada matarial tranemiccivity
L " llsll\—l 3.‘-‘\-‘\-’ TRl Wl AT T ST \-r

=1 LR L= g o]} v

» Membrane installation
» Active fan can be added after

hitildinAa ~Aanckrii~Hian
LTI |B LUl IoU0 ULLivii

» Side benefits
» Radon protection
» Decrease basement moisture

Source: Ciean Vapor, 2020, Used with
permission.

Source: ERM, 2020. Used with

permission.

SSD is most often thought of in existing buildings but | want to just mention quickly that
it can also be considered in New construction

Most control on the materials in the subgrade

Membranes may not need to be as robust if going straight to active versus trying
passive first.

If not sure system is needed can be "roughed in" for later use

19



Tech Sheet - SSD in New Construction Scenario

» Positive cost impact

Inctallad ~afHar
nsiGaes Qnel

Installed during
Construction

Source: Pixabay (adapted)

* Ultimately lead to a positive cost impact

* Aroughed in system will be cheaper than a system put in later as a retrofit.

* With the increased influence of the system (as compared to a retrofit)

* It may eliminate the need for a larger fan or multiple extraction points to obtain
adequate coverage.

* Able to plan the location of the vent stack (e.g. placing in utility closet rather than center
of basement)

* If installed after construction will need to access building and potentially disrupt ongoing
operations.

20



Tech Sheet - Sub-Slab Venting (SSV)

Vent riser pipe

G / - Void
enera ESIg n // Concrete Slab
h Cimilar +A CCHN / /
P 2i0inmdal W oI/ j
» Air flow reduces sub-slab vapor '
concentrations

L Dnr‘nrm—;hr‘r\ riaAaTscl IPf\I’“ﬂﬂ"‘l“ :I“\I"II II"{‘\ "j;l' llﬂlﬂf“lhl’ l"\ll"*'ﬂm
P rCHiVINTNIANIVGS THICAoUI THTITHIW ITIGIUUT Al VOIVGILY, DYDI.CIII
vacuum, vapor concentrations, mass flux

* Next tech sheet is sub-slab venting (PRESENTER — SAY FULL WORD, DON'T SAY "S-S-V",
TOO HARD TO UNDERSTAND OVER AUDIO)

* Variant of SSD

* Similar to depressurization in that it draws vapor out from under the slab

* Asyou see in the pic through these vapors are drawn out from either a very permeable
layer like a gravel or from a void space

* Drawing out vapors reduces conc below slab and mitigates VI

* Due to relative ease in drawing out air, and the potential for dilution air to be
introduced in some cases less vacuum may be generated, performance metrics could
be slightly different than SSD and include those listed

* Typically used when high permeability is already present (or new construction when you
can create that layer)

21



Tech Sheet - Sub-Slab Venting (SSV)

Components

r CAamnanante ca A ac
P AVNTTPVIICTTIW odiTTic do

» May incorporate aerated floor system
(void spaces)

» May inciude iniets for sub-siab diiution air

As mentioned, almost exact same components to SSD

Void spaces more common with SSV and more common when added to new
construction (see picture) although a new floor in a retrofit or adding a floor on top of
an existing floor could also allow for an aerated floor system

Some systems may intentionally incorporate dilution inlets that allow fresh air to
circulate in the surface as the fan draws out the vapors or leakage may occur naturally
into the subsurface creating that same dilution.
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Knowledge Check

Cranaria A
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Which condition is more amenable to sub-slab venting?

Low permeability native soil
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Source: ERM, 2020. Used with permission.

A knowledge check based on what we just learned
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Knowledge Check

ngh permeablllty (gravel) Low permeability nai\;easml
o der slab Rl
under slab gfb% uncer.aa gAY
B ARE %" :% ;-ﬁ:a&é:ﬁ.u.::wﬁéqf
#..% Concrefe =
jn't-r *cgnsrefsj 1 7 i Lj o - tﬁ
Gravel “* i’.
Native Soil
Native Soil % "-%:‘1 4}’5 %i-

Source: ERM, 2020. Used with permission.

Which condition is more amenable to sub-slab venting?
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Scenario A
High permeability

Measurement of SSV Performance (grave) underey

clah |-

fferential pressure

S

|~ Tracer testing travel time

e,

- Velocity

| -
- . I . ; !,

Source: ERM, 2020. Used with permission.

Differential pressure can underestimate lateral influence of SSV

Dig deeper into scenario A where there is high permeability material under the slab
and how we would want to evaluate the performance of an SSV system.

So if you have a suction point here and if you were to just measure the induced
vacuum as differential pressure, you may see the influence of the system to here CLICK
But if we use the metrics discussed earlier like a tracer test we could show that the
SSV system actually has an influence much greater to say here CLICK

and if we measured velocity under the slab you may see evidence of air movement to
here CLICK

CLICK This is all to say that differential pressure as a performance metric may
underestimate SSV systems because of the conditions where SSV system operate.
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Tech Sheet - Sub-Membrane Depressurization (SMD)

General Design T
n Mnact AfFan 11cad far Airt flanre Frawldlenacrac
™ TIvou viveli HJS:.U (A SIS R A ) ) Df MIUVVlDPU\-\-Dr Q
and compromised floors PG DUCTHORK
\_._
» Negative pressure below seaied membrane
relative to interior space PRESSURE AL |
» Membrane provides plenum for active e T
mitigation
» More residentiai than industriai/commerciali
applications

* Next Tech sheet is Sub-Membrane Depressurization
* Very similar to SSD except for locations where there is no slab, this system installed a

membrane and then vapors are drawn from underneath to create the depressurization.

* Preferred method for crawlspace mitigation, intercepts vapors before entering
crawlspace

* Draws air from beneath the sealed membrane to collection point, through riser pipe,
vented to the atmosphere

* Fan put outside occupiable living area or outside

* Membrane provides sealed space for active mitigation consideration when impermeable

surface is not present

* Best used with crawlspaces or earthen floor exposures

* Typically installed more in residential homes as usually this dirt floor occursin a
crawlspace but could be used in other types of buildings.
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Tech Sheet - Sub-Membrane Depressurization (SMD)

Components
» Electric fan/blower

» Vent piping & valves
» Membrane sealed to walls and around pipe

penetrations
» Vapor collection piping/plenum under membrane

» Measurement equipment
(manometers, gauges, sensors, etc.) s _

» Optional: condensate bypass, emission controls Source; Arcads, 2020. Used with peirmission.

* Components mostly the same as an SSD include the fan/blower, vent piping, stack,
balancing valves, measurement equipment such as manometers, vacuum gauges.

* Biggest difference is the membrane that is needed to create the plenum and the place
where vapor can be drawn from.

* See the membrane in the picture with batting to seal it to the walls of the crawlspace
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Tech Sheet - Crawlspace Ventilation (CSV)

General Desig . w
Ml ir ranl A wiith e h Air ]
I ] I u U [} 1

P LiawisSpalt air repialeh Wit 1iresn ai S
m DUCTWORK
» Vapor dilution via air exchange
. 5 = & ’ CENTRIFUGAL
» Consider significant heating or cooling %,,fwm
impacts - =)
. :ll?‘s‘-'lﬁ HEATER
» Used when other technologies are not W
feasible -
TRD)

Figure | of the CSV Tech Sheet

* Last tech sheet is Crawlspace Ventilation

* Typically a last option for crawlspaces that you are not able to access to putin a
membrane

* Does not prevent vapors from entering/traveling through the crawlspace

* Should not be used unless unable to enter crawlspace to install barrier

* Draws air out of the vent space and out to the atmosphere

* Used to dilute the vapors in the crawlspace

* However, heating or cooling may impact the vapors beneath the slab

* Frozen pipes that are in the crawlspace could be a concern if living in a cold climate

* Not as common for crawlspace mitigation as other technological options will be more
effective and efficient



Tech Sheet - Crawlspace Ventilation (CSV)

Components

» Vent piping & valves

» Measurement equipment
(manometers, gauges, sensors, etc.) —.,_ ol
m‘ e N

» Optional: temperature actuated heating, source: ERM, 2020. Used with permission.
condensate bypass, emission controls

Again Construction components similar to SSD with venting including piping to the
atmosphere and a fan

May not have enough flow to measure vacuum with a manometer but can measure
flow and also may need sensors for temperature control.

29



Starting the Design Process...

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

assume you have chosen \
» active mitigation { |
» the specific approach to implement )

Now what???

Source: Pixabay
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* Those were the end results.....

* How do we get there?

* ITRC created the process fact sheets to summarize the considerations to be though
about when planning the design of vi mitigation including active mitigation

30



Design Considerations Fact Sheet

Introduction and Overview of Vapor Intrusion Mitigation Training Team | fee shee

Conceptual Site Models for Vapor Intrusion Mitigation | /o ireer | | crectie ||

[mergent Ltuation
Idemtify St term m"" "“H"'::;;
Mitigatian Strategy

Public Outreach during Vapor Intrusion Mitigation
iApphcoble for the entirety of ol strategres) [[ENE N

Rapid Responie and Remediation and institutional Active Passive Mitigstion
i, # - i
‘:Ier‘ woﬁ_f' vf”‘ Control a8 Vapor Intrusion Mitigation Kot hoer |
............ gaiion O Sy |
ot Sheet i Foct Sheet Technology Information Sheets
Foxt Sheet Tachnology Information Lhests Agrmes Fosn
fachnology
indormation Sheets Technology Information Sheets i e enraepes (1] Bordong g
ot Weesates 4 i
A Congmaning fireac) prid S ———
PR L torme sonems
veforentet Fottery Sealieg Supporting Information for Design and Checklists for Active and Passbre
T A e weREAE. " \ ! *rigation Approaches M poroscher
[Foctsbees | | [Fomshent | || L

Information Sheet for Operation, Maintenance, and |+ - Design Considerations

Emerging Technology el Monitoring/Tait Strategy
i Vs AT Rt LAV | -"""'--‘.-..‘.__ Fact Sheet

Location of design considerations fact sheets in the document map

Started at the Active mitigation fact sheet and the associated tech sheets and not
moved down to the process of designing a mitigation.

Here we will talk about design process considerations for active mitigation.

Couple other process steps you see here after design but those are covered in another
module.
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Design Considerations Fact Sheet

Design Considerations Fact Sheet

» Guide through design considerations
b .

(@]
Q
¢
g
<
(9]

Don't Forget:

» Take into accoun
» Plan for system veri
uture exit strategy

t the CSM

ication

icav

» Plan for f

——

Vapor Intrusion Mitigation (VIM) [our

Source: Pixabay

Design Considerations Fact Sheet is a guide through many of the considerations to be
thought about for various VI mitigation approaches .

Documents then discusses the relative importance of different considerations as they
pertain to the various types of mitigation approaches (like active, passive, rapid
response....)

The process fact sheet does not help you choose a technology, it assumes you have
chosen your technology already

Points out the major considerations for each technology for each step of the way.

As discussed before don't forget that during the design process you are still taking into
account CSM, how you will verify system operates to your objectives and how you will
plan to turn it off someday.

Important for designs to both look backwards and to look forwards

Fact sheet written for all types of mitigation approaches. We are going to go through
some factors to take into consideration in the design that are particularly important
and in some cases unique to the Active approach. Other considerations particularly
important to Passive approaches will be covered later in the session.
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Design Considerations — Building Condifions

— New Constrycton

» Different components will be
considered versus existing buildings &=

» Typically combined with passive

mitigation technologies

d
n Mav ha Aa
| e Uik

* Some of the more important design considerations for active mitigation are the building
type

* Is the building for example new construction

*  Whether a building is new, about to be constructed, or existing will have a major impact
on an active mitigation design strategy

* Components will be considered differently for new construction than for existing
buildings and will most likely be combined with passive mitigation technologies

* If passive is going to be the primary approach, active systems may be designed and
installed but not “turned on” in new construction

* Activated at a later date when it is determined if they are needed.
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Design Considerations — Building Condifions

Vent stack |
installation -

» Slab integrity

» Preferential pathways

» HVAC

» Building dimensions

» Exterior fagade requirements

Source: Clean Vapor, 2020.
Used with permission.

——>35ealed floor
- cracks

Source: ERM, 2020. Used with permission.

If the building condition is that it is an existing building then design considerations may
focus on the items listed for example here

Basic foundation type or multiple foundation types and locations due to building
additions over time

Slab integrity and if sealing is needed like in the photo

HVAC systems present and how they need to be incorporated or overcome within the
Active system design.

Working with the exterior facade requests of the building owner (picture far right).
Soil permeability and DTW will significantly impact the design

Also important to determine feasible pipe routing and identify discharge locations that
meet separation requirement from openings into the building
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Design Considerations — Sub-slab Diagnostics

» Diagnostics used to determine
» Suction point configuration

» Number and size of fan(s)

Suction Point

Vacuum Monitoring Point

Source: ERM, 2020. Used with permission.

IOMMINTAL RESLARCH
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* Sub-slab diagnostics are an important design consideration for an existing building

* The most common sub-slab diagnostic tests conducted in existing buildings are
pressure field extension (PFE) testing and measurement of differential pressures
across the slab.

* Using diagnostics may be dependent on building size (smaller building or
residential homes may not need them if sufficient information is available to be
reasonably confident in the mitigation system design or there is an expectation
to modify system design during system construction as effectiveness is tested
(i.e. a design-build method).

* used to understand sub-slab conditions to select the number and locations of
suction points, fan sizes, etc.
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Design Documentation — Design Work Plan

» Design basis
- Cut-i-c\r-n ~APMRARA =
P IYyoLClii WUITITPVIICTIVWD Al
» Permitting -

» Installation instructions and specifications E‘“ ”\
» Construction quality assurance (CQA) '
» Plan for verification and OM&M

» Plan for exit strategy

Source; Pixabay

INYIROMMINTAL RESLARCH
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Design work plan is also an important consideration for active mitigation

design work plan is where you will gather all of your important information like your

design basis and reason for mitigation
Design basis that explains how vapor intrusion is occurring (or could occur in new
buildings) and how the mitigation approach and technologies selected will
control vapor intrusion sufficiently to meet the design objectives.
Work plan will commonly include one or more layout sheets, showing where the
various components of the system, design specs, piping layouts, suction point
locations, vent stack location, etc.
Mitigation system designs must consider building codes, and other permits that
need to be addressed, highly variable to cities and towns) and in some states an
emissions permit and/or emissions controls
You should plan out what you plan to use as the metrics to show that your
system, once installed and operating, is meeting your design objectives as well as a
plan to make sure construction quality is maintained during installation with a quality
assurance plan.
You can also lay out in the design how you intend to do routine OM&M and how
to eventually plan for turning off the system.
Communication with the property owner, tenants, other stakeholder key at the design
stage (so they know what you are doing and if they agree with where you are doing it
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System Design & Documentation Checklist

Introduction and Overview of Vapor Intrusion Mitigation Training Team | fee shee

Conceptual Site Models for Vapor Intrusion Mitigation | ot irect || crectir |
mergent Situation
iderrify [ong-term
Identify Short-term Mivigation Strategy
Aitigation Strategy
Public Outreach during Vapor Intrusion Mitigation
iApphcoble for the entirety of ol strategres) [[ENEZR
Rapid Respanse and Remediation and institutional Active Passive Mitigstion
Ventliation for Vipor Cantrols a8 Vapor Intrusion Mitigation Foct Shoet |
intrusion Aitigation ———— L Paes Thaar ']
= & : Faxt Sheet Technalogy Inlarmation Sheets
+ Sheet -
a Foxt Sheet Technology Information Lhests Agrmes Fosn
il
h,w:‘uw,";:m Technology Information Sheets Cremhpoce iwaamen (T3] Porang Ovege
Featag versaten ana ;
Ar Conguaning iruac] | | Memily
Mty Lang-torm S
FTRE T e .
Trrctmant
fereP—— Supporting Information for Design and Checklists for Active and Passive y .
o et i WA Implementation of Mitigation Approaches Misleatinn Annrasches el l ]
| Geematea, Martmence, ond
information Sheet for | ‘Operation, Maintenance, snd
Emerging Technology = Monitoring/Eut Strategy

* Along with the Design Considerations Fact Sheet is the companion check list
* hereitis listed in the document map



System Design & Documentation Checklist

STy

Aot mar.r . TS
ACTHVE VEaien Cnecnisi

» Walks through each design e ‘
i § Existing Buildings and New Construction
consideration
» Prompts user for site-specific
information
a Nat all Ffame mav ha annlicahla
P B Ieterk Ll Illur e UPHII\‘UU"—. 1. ACTIVE MITIGATION SYSTEM DESIGN AND DOCUMENTATION
for all sites o Have il b bsking b srems boon iy charcirzed for 03 Yes N0 CINA

contaminants?
o Has pressure field extension (PFE) testing been completed? Yes Mo NA

1.1, Selection materialy and methods

Checklist is not just for active mitigation, it is for passive as well
This checklist provides information necessary to proceed through the design

process

Checklist focuses on system design and documentation items (l.e., are certain aspects
and components included in the design package)

The checklist is a template out there to aid in the design. The checklist can be used to
help prompt the user to think about each of these aspects of the design. Not all items
will be applicable to all situations. Depending on the complexity of the design, it may be
appropriate to identify why certain items are NOT applicable to your site scenario.
Some designs will be very different or will be very basic depending on complexity of the
building (e.g., small residential home, design-build situations)

Some buildings may not need almost any part of the design checklist if they are very
simple
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Summary

» Definition of active mitigation

Finn annrAan

artivin mitian rhnac
Iiyalvivii gappivaviico i1v

n MAmMmman
VTNV Aulivie b1

construction and existing buildings
» Considerations for designing an active

mitiAaatinn farhnalanay
IIIIL'SULIUII LL-\..IIIIUIU\_-’Y

» Key elements in active mitigation system
design

» Design documentation

- PVC
W DUCTWORK

LOW PRESSURE ]
Ay "l seam:
FLODR 1.
£ WALL 1
SOIL 6AS
coLLECTIoN suwp 1| CRAGKS [

= VR ¥ S i i
ST T

CRUSHED STONE ]

ocrean varon |-

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

In summary....

We have reviewed what definition the ITRC used to define an active mitigation

What we consider to be the 4 most common types of active mitigation approaches
Some of the most relevant design considerations for active and the tools that ITRC has
developed to help you through the design process or reviewing a design work plan.
And we have highlighted where in the document map you can find all of the active
mitigation information for you to review on your own
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Next STeps

» Install the system as designed

So where do we go from here

The next logical step in the path of this system is that the design is approved and the
system is installed as designed.

The installation and operation of the system would be verified and then the system
would be operated and monitoring for some period of time

Eventually the system, based on data, may be shutdown

All of these steps will be discussed in subsequent modules.
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Source: Pixabay
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At this time we will open the questions and answers portion of our training.
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« INTERSTATE

l ]Idg El‘i v | v
||Lq§ SOLUTIONS

* AHOLYINOIY »

COUNCIL

Transition slide from Active group
Introduction of speakers (both)
General welcome

Source: thenounproject.com,

Used with permission.

Welcome to the passive mitigation approaches training module.
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Objectives of Module

» Passive mitigation definition
» Technology overview

[ g, Vo Pyt g Ry 1 jey

P UCOIYl CONsSiAcidauolis

hn Thnetallatinn nlanninA

P Lilowdiiduivid |JIC|IIIIII |B

» Construction quality assurance

INYIROMMINTAL RESLARCH
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. During the 1%t half of the presentation, | will:
o  Define passive mitigation
o  Introduce documents
o  Discuss common technologies
. During the 2" half of the presentation, [CO-PRESENTER’S NAME] will introduce:
o  Key considerations for system design, installation, and planning
o  End with construction quality control measures
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What is Passive Mitigatione

» Block or divert contaminant vapors
from entering building

» Does not rely on mechanical means

Source: Adaptedfrom ITRC.

° Define passive mitigation
o No mechanical means
o  Blocks VI pathways and relies on natural mechanisms
o Most commonly used in new construction

. Remember to review and update the CSM often
o  Evaluate whether current site conditions warrant mitigation
o  Ensure appropriate mitigation approach
. Public outreach - Any time mitigation is necessary
o  Ensures the mitigation systems installed are understood and not compromised
in the future



Passive Mitigation Fact Sheet

» Summary guide to the content in
other work products

Passive Mitigation Fact Sheet

Py [P o
Iﬁbb COImimaon pdbbl\ft: LC lUlUglﬁb I
Dchcw rac FA nraviaiie TTDr‘
nRererences PreviCus 11

documents and various state vapor
intrusion guidance documents

INYIROMMINTAL RESLARCH
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The information we’re covering today is based on the Passive Mitigation Fact Sheet
o  Walks reader through the mitigation process from start to finish
o Direct reader to additional resources
o Includes links to five Technology Information Sheets
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Tech Sheet — Common Passive Barrier Systems

WEs o R e AR 4
QUL LN RW 22T VILED, 1T,
permission.

Thermoplastic Membranes (TM) Composite Membranes (CM)

. Introduce passive barrier systems:
o  Asphalt Latex Membranes
o  Thermoplastic Membranes
o Composite Membranes
. Subtle differences - Materials and installation methods
° All seal foundation and block preferential pathways
° Site conditions may dictate which barrier you use
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Tech Sheet — Passive Barrier Systems

General Desig.
e Rarriar +A nravuant VUT in nawr haiildinAace
P oainiCr O prevanc v i new oundings
» Typically comprised of
p Base laver Concrete Floor Slab.  gumuauiiil AL R
y Protective Layer\\\ : :‘H‘:"ﬁ'“‘-mv—"’:/. ) f
» Continuous spray-applied asphalt Spray-on ALM ~_ T E
Base Layer—
P Cap Sheet Permeable Substrate
» Fffactive for a wide ranae of Paiiie slbAEE Var b
» ohrective Tor a wide rahge Of sive sub-slab venting syste =
contaminants Figure 1 of Passive Barriers Technology Information Sheet.

Asphalt Latex Membranes
o  Base layer, asphalt latex core, and a cap sheet
o  Base and cap materials vary
= Usually consists of a thin plastic membrane backed with geotextile
fabric
o  Base provides surface for spray-applied asphalt latex
o  Cap provides protection to barrier system
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Tech Sheet — Passive Barrier Systems

Installation

n Al M annlicratinn +Aa Tharmanlactis

P AL Appicaliviil W dniciinivpidgdouiv
Membrane

» Manufacturers provide specific

inckallatinn inctriirtinne
Imiowdiiauivii iniov v - |

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

. Core is spray applied and cures in place

o  Provides a seamless layer of protection
. Cap sheet creates bond between barrier and slab

o  No mechanical fasteners or caulking at penetrations
. Mil thickness specified by the manufacturer



Tech Sheet — Passive Barrier Systems

— Thermoplastic Membranes (TMs}

General Design
— Biruciural Concrele Founsalion Siah
» Single layer sheet systems with
heat-welded seams
» TMs are different (thicker) than
"moisture vapor barriers®

—

Sand abovs Vaper Barrier (Optissal)

—— Hioal Welded Overian Ssam

B0 Il min. High Density Polyethyiene
[HOPE) Ennanced Vapar Barrier

Sand or Gravel Below Membrane
Duer Compacicd Subgrade

~ Fillet Extrazion Dead

’ EffeCtiVe for a Wide range Of M!Mm:m == o .I unl!;r!“:uml.:::ll’// G0~ WOTE Liner wein
CO nta m I na n tS YeatPioe — = Continstasly Weldee Seam

HUTE Lingr Filiel EXirision Soam overian Duiail

<angary I3

B |
ScoKinetics Tuplcal HDPE Vapor Barrier Sysiem

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

. Thermoplastic Membranes
o  Typically are single layer systems comprised of HDPE
= May consists of other materials such as LLDPE
o  Thicker and more rigid
o  Thickness affects installation procedures



Tech Sheet — Passive Barrier Systems

—Thermoplastic Membranes (TMs}—

Installation

» Heat-welded seams

» Terminations require mechanical fastening

» Pre-fabricated boots to seal penetrations

» Manufacturers provide specific installation instructions

e —

Source: Steve Weiterman, 2020. Used with
permission.

. During installation

o Sheet overlapped and heat welded

o  Prefabricated boots to seal penetrations

o  Mechanical fasteners secure terminations

o  Often used in conjunction with a vapor collection system
° More puncture resistant
° Offer high level of chemical resistance
° Materials costs are low, but installation process is more difficult
. Typically used for new construction
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Tech Sheet — Passive Barrier Systems

— Composite Membranes ([CMs}

General Desig.

. Tunircrally ~Aamn
» 1ypiCany COMp

such as o Pt -

[ -
3, Protection Sheet

Emulsion

’ EVOH Metallized Film

>
» Spray-on emulsion/ALM potte

Venting

» Effective for a wide range of contaminants

Source: Land Science, 2020. Used with
permission.

° Composite Membranes
o  Multi-layered system
o  Materials can improve chemical resistance, constructability, and durability
o  Sum of the whole is greater than the sum of the parts
. Gray area between CMs and other barriers
o Example: CMs and ALMs both use multiple materials that can reduce diffusion
rates
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Tech Sheet — Passive Barrier Systems

} - —
=
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Installation

h CAanrme an
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methods
» Manufacturers provide specific installation

inctriirtinne
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Q.
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T
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J

Source: Vadose Remediation Technologies,
2020. Used with permission.

e |[nstallation methods vary depending upon materials
used

e Depending upon materials used, may offer greater
protection using thinner mil systems

e Some use tape-based seams that may delaminate

e Smooth materials may not adhere to slab

e Some states require minimum mil thickness and/or
regulatory approval for new technologies
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Tech Sheet — Other Passive Systems

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

? Building Design

Epoxy Floor Coatings (EFCs)

Passive Sub-Slab Venting (SSV) Figure 1 of Epoxy Foor Coatings Figure 2 of Building Design
Systems Technology Information Sheet. Technology Information Sheet.

INTAL RESLARCH
OF TWE STATEL

Other approaches are effective against a variety of contaminants
o  Aerated Floors
o  Passive sub-slab venting
o  Epoxy floor coverings
o  Building Designs
= Raised foundations or vented crawl spaces
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Tech Sheet — Aerated Floors

Vent riser pipe

Void
/" Concrete Slab

rates are high
» Most applicable to new construction :

Source: Pontarolo Engineering, In

» Proprietary forms designed for aii buiiding . -

types 22225

» Designed for SSV or SSD in either passive
or active mode

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

. Aerated Floor Void Space Systems
o  Uses forms to create a void space beneath slab
Very low resistance to air flow
Allows high vacuum levels and air exchange rates
Forms connect to vent risers that discharge vapors above the roof
Can rely on passive venting, but often use active depressurization

o O O O

C.
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Tech Sheet — Passive Sub-Slab Venting (SSV) Systems

» Fundamentally different from SSD COM [
n Dali n nracciira Aiffaran A indn FlAwar
I 1 u u I

» Most applicable to new construction

» Often used in conjunction with passive
barriers to improve performance

i

» No power source required

Collection plenum

Figure 1 of Sub-slab Venting
Technology Information Sheet.

INYIROMMINTAL RESLARCH
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. Passive Sub-Slab Venting Systems

o  Horizontal vent piping installed in a permeable layer
Perforated pipe or permeable geotextile mating connected to vent risers
Vapors beath building travel through piping and are discharged above the roof
Relies on pressure differences to induce air flow
Almost always used in combination with a passive barrier

o O O O



Tech Sheet - Passive Sub-Slab Venting (SSV) Systems

Coldy\

Figures 1 and 5 of Sub-slab Venting
Technology Information Sheet.

«— Exhaust Vent

N
5

Warmer Air

Permeable

aggregate
1o allow airflow

Collection plenum
Collection network

. Discuss photo of passive sub-slab venting system
o  Click 1 — Horizontal vent piping (aka collection network)
o  Click 2 — Void space (aka collection plenum) where horizontal vent piping
connects to vent risers
o  Click 3 —Vent riser (aka exhaust vent). The exhaust vent is capped.

. Under the right conditions can capture vapors over a large area
. Simple design avoids need for long term OM&M
° Compared to an active venting system
o  May require more vent risers
o  Hasreduced performance
. Almost always used in combination with a passive barrier
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» Most applicable to existing

» Can protect concrete
» Requires specialty applicators

Tech Sheet — Epoxy Floor Coatings (EFCs)

Applicable to all building types

building floors/walls as a passive

VI barrier

¥ i

Involves concrete surface
preparation prior to application

e

Figure 1 of Epoxy Foor Coatings Technology Information -Sli;teei

Epoxy Floor Coatings
o Can be applied to an existing floor slab
o  Floor slab condition and surface preparation affect overall quality of the EFC
o  Concrete must be clean and dry, and the surface must be scarified

Provides a strong, durable, chemically resistance barrier

Easy to clean, maintain, and repair

Easy to customize (color/finish)

Require special preparation to control moisture content and scarify the concrete to
precent delamination
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Tech Sheet - Building Design for Passive VIM

» Mainly city setting where space is limited

. Natiiralhs vantad fnaccival Ar
PmoINdLuIany  veliltcu |\ pPdooivic) Wi

mechanically vented (active)
» Design and OM&M often included in

hiiildinAa ~Aad
i IB AW L

» Adequate ventilation rate needed to
mitigate VI

Figure 1 of Building Design Technology
Information Sheet

. Building Design
o  Building design can be used to prevent VI from occurring or mitigate the VI
pathway
o  Parking garage example
= Designed to prevent the build up of vehicle exhaust by increasing air
flow
= |n some locations air exchange rates are specified by building code
= Documenting the air exchange rates are being maintained may address
the VI risk
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Tech Sheet - Building Design for Passive VIM

Temperate climates

aturally induced air exchange

N
Adequate ventilation rate needed to mitigate VI _

>

[ in

| | ||B|| Vvwdailcl wd
3

| 4

Figure 2 (top) and 3 (bottom) of Building
Design Technology Information Sheet.

. Raised Foundations
o  Other forms of building design, such as raised foundations and vented
crawlspaces can address VI concerns for smaller buildings
o Raised foundations usually found in warm climates and areas prone to
flooding
o  Block and beam construction raises a building, separates the building from the
vapor source, and cuts off the VI pathway

59



Knowledge Check

Which mitigation technology is commonly used in

combination with a passive barrier system? i
A. Aerated Floors ~

- . _d—
B. Epoxy Floor Coatings n
n Dacecivia Ciila_Clal \Iantina~a Cuckarme
v Td2IVO U 2i1auw \'CIILIIIH .JYDLCIII:I
D. None of these ,

Source: Pixabay
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Knowledge Check

Which mitigation technology is commonly used in
combination with a passive barrier system?

h

A. Aerated Floors
B. Epoxy Floor Coatings
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D. None of these

(
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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 y

Now what???

Source: Pixabay

Segue:

During the second half of this training module,
[PRESENTER NAME] will discuss mitigation system
design and installation.

So let’s turn things over to [PRESENTER NAME].

TRANSITION TO NEXT PRESENTER

Hi,  am [PRESENTER NAME].

During the second half of this training module.... (I will introduce key considerations for
mitigation system design and installation planning and include a discussion of
construction quality assurance measures.)

Now that we’ve covered the common passive mitigation approaches, let’s discuss the
mitigation system design process.
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Design Considerations Fact Sheet

Introduction and Overview of Vapor Intrusion Mitigation Training Team | Fee Sheer |

Conceptual Site Models for Vapor Intrusion Mitigation | 7 bee || creces |
Emergent Stuation
idderatify Long-term
identify Short-term Aiviprsion Siroveny
Mitigation Strategy
Public Outreach during Vapor Intrusion Mitigation
{Applicable for the entirety of oil strategies)
Rapid Retpanse and Remediation and Institutionat || Active Passive Mitigation
Ventlistion for Vapor Controls 3¢ Vapor Intrusion Mitigation Fact Shoet |
intrusion Mitigetion itigaion .
s Fact Sheet Technolagy Infarmation Sheets
Fact Sheet Tachnolegy Infarmation Sheets Aermted vy
Technalogy — —
Information sheets o Shoots b .. ] Buging Ornige.
wetnag wrnecrnan aan a0 = | T ey
Ar Consmsangitincy | | Wiy |
" . Bo Ve Briratean (TVE) e | Panier S St
ndoor A Strateay
j ':I—’
Freferensal Petherey Seoing Sdlwwr(n‘.lniv-:'nah'lom for Design and Checklists for Active and Passive
o A 1 RSO t **irigation Approaches -
T hair vedss I
[Foceshent | | [Femsheet| | | e
Information $heat for Opwration, Masmtenance, w0d " **+ .12 — Design Considerations
Emerging Technalogy — Monaoring Eat Strategy LI e
Aol Ve MASIo0%0N Bartie LAY O rox Fact Sheet

ITRC created the process fact sheets to summarize the considerations that may need to be
incorporated into implementation of a project from design to install to verification to
OM&M and finally exit.

The process fact sheets assume you have chosen your technology already (if you haven't,
go back to the CSM section) and point out the major considerations for each technology for
each step of the way.

Here we will talk about design process considerations for passive mitigation.

The post installation and OM&M will be covered in another module.



Design Considerations Fact Sheet

Dalativa imnarkFanca +n nacciva mitiastian
NCIdLUIVT iipuviwiiive W pdooaive 11 ”Lqu LIVl
Review the CSM:

» What are your COCs? .
» How strong is the vapor Sources

» Where is the vapor source located
relative to the building?

Source: Plxabay

[]  Establish a basis for design
o

Vapor Intrusion Mitigation (VIM) [

Design Considerations Fact Sheet

The mitigation system design should include a design basis document that

explains how vapor intrusion is occurring (or could occur in new buildings)
based on the VI CSM (see ITRC CSM Technology Sheet) and how the

mitigation approach and technologies selected will control vapor intrusion
sufficiently to meet the mitigation objectives.
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Design Considerations

A s —

» Materials used - I iy
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» Performance testing '
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* Establish a basis for design:
o The mitigation system design should include a design basis document that explains
how vapor intrusion is occurring (or could occur in new buildings) based on the VI
CSM (see ITRC CSM Technology Sheet) and how the mitigation approach and
technologies selected will control vapor intrusion sufficiently to meet
the mitigation objectives.

* Design Documentation:

o Mitigation system designs will commonly include one or more layout sheets, that
identify and locate system components in relation to the building. Detail drawings
should also include how system components will be configured in specific areas; and
the components dimensions, materials, and other specifications.

o For designs with ventilation systems, documentation of vent layout and stack
placement is critical to ensuring effluent vapors do not enter adjacent buildings.

Installation Instructions.

Performance Testing
* For example,

» Diffusion Coefficients
* More nuanced testing methods have been developed to more accurately calculate
diffusion coefficients for passive barriers.
» Diffusion coefficients can be a good indicator of a product’s ability to be protective
against chemicals of concern and, if available, should be included within the mitigation
system design documentation
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System Installation Planning

Include all persons involved with the installation

——

iclude ancillary trades who
performance of the VIM

é;

2

El'
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Source: Pixabay

'l Pre-Construction and Installation Oversight

* After the vapor mitigation system design has been developed and
documented, the engineer of record (or equivalent) should confirm that a
preconstruction meeting is planned with all persons involved wit the
installation of the mitigation system as well as any sub-contractors who’s
work may affect the performance of the mitigation system during and
following the installation process.

* During this meeting, all parties should review the vapor mitigation system
installation drawing set to confirm the details shown in the drawings
match the project conditions.

* This allows all contractors to review and confirm aspects of the
mitigation system design such as:
* Substrate specifications
* Vent layout
* Locations of vent risers and utility penetrations
* And allows the general contractor to clarify the
construction and installation sequence with all trades

* Frequency and duration of the installation oversight should be specified in the
vapor mitigation system plan.

* Providing oversight prior to, as well as during installation, will increase
the likelihood that the system has been installed in accordance with the
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system design.

66



Design Considerations

—System Verificaton—————

» 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
» Oversight documentation I t

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

First and foremost, QA/QC procedures should be selected during the design phase of a
mitigation system to ensure these procedures will be incorporated during the construction
process.

Quality Control:

* Quality control and assurance procedures should be selected during the design phase of
a mitigation system to ensure these procedures will be incorporated during the
construction process.

* The manufacturer’s requirements, regulatory requirements, and site-specific needs
should be considered when selecting which system integrity testing methods to utilize.

Common approaches include:
* Smoke or tracer gas testing
* Coupon Sampling

Passive barriers are constructed in the field and applied prior to placing a concrete slab.
Each barrier system should have installation specifications along with quality control

procedures to test the integrity of seams, seals around penetrations, system termination
points, and overall field membrane integrity.
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Design Considerations
New Construction vs. Existing Buildings

conditions within

. et em o P il
CAISUITNY DUnuings

gt

Source: EPRO Services, Inc, 2020. Used with
permission.
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Source: Contractors Waterproofing, 2021.
Used with permission.

Considerations for new vs. existing structures. (Insert chart showing which passive

technologies are generally used for each)

* New buildings — Mitigation system design is incorporated d during building construction
process.

* Existing buildings — Mitigation system design must work around existing building
conditions.

Some situations may require rapid mitigation of the vapor intrusion pathway.

Please see ITRC Rapid Response and Ventilation Fact Sheet when these situations arise.
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Design Considerations - New Construction

» Building-specific customization
of mitigation system

» Coordination with multiple
construction trades required

» VIMS design drawings aid in

crirraccfiil inetallatiam

SULLCooI Ul NTH1owdnidauivig

» Able to combine mitigation
approaches

Source: Kelly Johnson, 2020. Used with permission.

Clean slate provide for proper planning and evaluation of mitigation approaches.
Regardless of what type of system is utilized, planning and construction oversight is a very
important step in the process and required to assure the systems are installed per design.

The planning and resulting design, should be used to help coordinate with the project team
and subsequent trades. This design should become part of the building plans to aid in
managing the system in the future.

A key advantage in new construction is the ability to combine multiple mitigation
approaches to create redundancy. l.e. venting and barrier. Barrier and building control, etc.
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Design Considerations - Existing Buildings

» Conditions may limit the passive
technologies which can be used

» Foundation can impact system
effectiveness

» Building modification may be necessary

vietkAarm

yourein

ol -Taaalsalsale] ~

LU aLLuiiniivualc inviyavivii
» Planning and construction oversight
required

Source: Land Science, 2020. Used with permission.

Existing buildings to do not provide the flexibility that comes with new construction. This
may limit the use of passive mitigation technologies.

The key consideration in incorporating a mitigation system is having an understanding of
existing foundation, unless as built drawings exist, it may take time to understand how the
building foundation might impact any form of mitigation. Active group provides more
details considerations for how to address these conditions.

Buildings may need to be modified, and the implementation of these systems also requires
a high level of planning and construction oversight.

Regardless of passive or active, a design should be used to document how these systems
are installed.

70



Knowledge Check

What is the most important element of good design?

A ~

Cims it~
A TIYUringy v vu

e

as you go
B. Skipping the CSM

C. Letting the project team know you want passive
mitigation

rtr

-

S

D. Proper site evaluation and planning

=4
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Knowledge Check

0w P

g
R

-y
mitigation

What is the most important element of good design?
Skipping the CSM f A

ok PR PR T S _ . ‘
riguring ic Out asd you go
Letting the project team know you want passive

D. Proper site evaluation and planning \ - /

INYIROMMINTAL RESLARCH
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Clean slate provide for proper planning and evaluation of mitigation approaches.
Regardless of what type of system is utilized, planning and construction oversight is a very
important step in the process and required to assure the systems are installed per design.

The planning and resulting design, should be used to help coordinate with the project team
and subsequent trades. This design should become part of the building plans to aid in
managing the system in the future.

A key advantage in new construction is the ability to combine multiple mitigation
approaches to create redundancy. i.e. venting and barrier. Barrier and building control, etc.
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System Design & Documentation Checklist

Introduction and Overview of Vapor Intrusion Mitigation Training Team | Fee Sheer |

idderatify Long-term
weingation Strategy

Public Outreach during Vapor Intrusion Mitigation
(Appiicable for the entirety of ail strategies)

Ragid Responde and |
Ventilation for Vapor

Remediation and Institutional Passive Mitigation
Controls 33 Vapor Intrusion Toc Daet |
Mitigation Foct Sheet ‘ Technalagy Irfarmation Sheets

Fact Sheet Tachnolegy Information Sheets Aermted vy

Technatogy
Information Sheets
Wranag. Wecayan ane | |
A Congsianing irancy | |
Bt

Bl
Treutmenr

oA Patem ey ooty
oo A ol ATII00N

T

Information Sheot for Operaton, Masntanance, snd 5 |
Emerging Technology —_ Monoring/Est Strategy
Aol Ve MASIo0%0N Bartie LAY o

System Design and Documentation, more information can be found here. It is designed to
prompt users to think about each aspect. Not everything will be applicable to all situations,
but it is a great place to start for reviewing the many aspects of passive VI mitigation. The
complexity of the site may dictate how applicable the check list is for your site.

Depending on site conditions, it may be appropriate to provide information why certain
items are NOT APPLICABLE rather than simply noting they are NOT APPLICABLE

Notes:

* The System Design and Documentation Checklist provides information to proceed
though the pre-system installation process.

* The checklist is meant to prompt the user to think about each of these aspects of the
system design.

* Not all items will be applicable to all situations.

* Sites with complex CSMs or system designs may utilize the checklist to a greater degree
than less complex sites.

* Depending on site conditions, it may be appropriate to provide information why certain
items are NOT APPLICABLE rather than simply noting they are NOT APPLICABLE.
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Summary

» Define passive mitigation

» Major categories of technologies

» Key elements of system design

» Importance of Quality Assurance, oversight,

and documentatio

PH el TR Wl s T §

Source: thenounproject.com.
Used with permission.

So what did we learn during this module?

We covered:

*  Why a system would be considered a passive mitigation system (vs an active mitigation
system)

* The three major categories of passive mitigation systems

* Considerations for selecting appropriate passive mitigation technologies for new
construction vs. existing buildings

* Major components to incorporate into passive mitigation system design, and finally

* The importance of construction quality assurance, installation oversight, and
appropriate documentation
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Next Steps

» Passive mitigation system verification

n CAandii~t ok
LU IiduLGL i

» Assess need for continued operation
of passive mitigation system

» Consideration for these steps are
I covered within another module.

~Airina MMQ. M
VUL IS WVITIWIT]

Source: Pixabay.

h Subsequent steps covered in other modules

The next step in the process include:

* Verification that the passive mitigation system is functioning as designed

* Conducting routine Operation, Maintenance, & Monitoring, and

* Assessing the need for continued operation of the passive mitigation system

Consideration for each of these steps are covered within subsequent modules.
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Source: Pixabay
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At this time we will open the questions and answers portion of our training.
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I Is 1t working?
I islt stillwerking?

Is 1t stillneeded? I

=

Source: Pixabay (adapted)
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Objectives of Module

» How to use the ITRC documents in your work
e TrmrnarkFanca A i
P LllipvIWIlIVG W
» How to verify VIMS success

» How to address underperformance

» Planning for discontinuing a mitigation system

INYIROMMINTAL RESLARCH
INETITUTE OF THE STATY

* How to verify VIMS success

* Proper system performance and how to address underperformance

* Significance of early communication and planning for discontinuing a mitigation system
* How to use the ITRC documents in your work
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Communicate with your Stakeholders

Concurrence with stakeholders is critical during design:

n Kann ctalrahaldAare |
P NCCY oWnGlIVIMGT o 1TV

» Confirm acceptable confirmation testing
» Select appropriate performance metrics
» Define acceptable scenarios for shutdown

Source: Pixabay

Don't Wait Until
the Last Moment

INYIROMMINTAL RESLARCH
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You will see this theme repeated during the presentation: communication is key
Keeping stakeholders informed includes regulators, consultants, property
owners/tenants, responsible party

We will touch on the role of community outreach in a subsequent slide

We select appropriate performance metrics to establish baseline readings for
subsequent OM&M inspections

We want to communicate/confirm “acceptable scenarios for shutdown”, such as: GW
below VI screening levels; soil source removed,;
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Post-Installation Fact Sheet

’ Key conSiderationS for VIMS Post Installation Fact Sheet -
verification [

» Multiple technologies !

» During-construction considerations

INYIROMMINTAL RESLARCH
INETITUTE OF THE STATY

Provides key considerations and testing for post-installation VIMS verification
Covers active, passive, remediation, and rapid response technologies
Describes elements that should be considered during construction



Verification - Is the VIMS Workinge

» Use building condition survey
n CAanfirem \ITMC wine inckallad ae Aacianad:
VLTI VAP VWOAo TTTowdiicu do UCDIHIICU-

» Verify installed components
» Verify proper operation

» Adjust as needed

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

Is the VIMS working?

Building Survey / VIMS inspection

Before beginning or concurrent to confirmation testing, conduct building survey and to inspect your system.

It's important to evaluate building conditions (both pre-construction and post-construction) to understand how
the building conditions may affect your mitigation system. The baseline survey conducted during the design (or
pre-design) phase can be compared to the post-installation survey to identify changes that may affect the
VIMS.

For example, poor building foundations, unsealed utility penetrations, or incorrect piping can decrease the
effectiveness of the VIMS.

Commissioning

We tell that a system is working properly by commissioning, which is a series of tests (i.e. multiple forms of
verification) to confirm that the system is operating properly and that we are meeting mitigation objectives (e.g.,
meeting vacuum level criteria for active systems and, ultimately, protecting indoor air quality).

While not covered in detail in this module, it is important to confirm that the system is operating within the
confines of issued permits, building codes, and industry standards. A VIMS can change during construction
(from design), and it is important to verify that that the VIMS, once constructed, meets permit requirements and
building codes. This should be evaluated as part of the building survey.

Important to note that different VIMS may have different verification testing and parameters

Perform a series of testing to verify systems works as designed and meet the agreed minimum requirements

Adjust VIMS system as needed during construction or during commissioning

Some system verification details are covered in the passive/active training modules

More information in the Post-Installation Checklist
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Documentation

Critical foundation for future condition
evaiuation

» As-built drawings

» Verification performance data

Source: Pixabay

As-built drawings are important to prepare as the constructed system is often different
than the design. As-built drawings may also be required for permits.

Verification performance data must be recorded and typically must be submitted to

regulatory agencies. Further, it provides a baseline for comparison during the OM&M
phase.
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Example System Performance Metrics

» Vacuum field or pressure differential across slab

n Crmnlaltrara
P 2I1TTUNG) L duc

» IA/SG Sample results

» Long-term institutional controls
» System vacuum and airflow

» Other system/regulatory-specific

makricc Source: Geosyntec, 2020. Used with permission.
1TITU Vo

"
1

Tk 1'-»: s
oy e

‘I
ﬁ,'\{'

For IBT:

* Here are some example system performance metrics (not all performance metrics will
be used at all sites or for all technologies; some of these look familiar because they were
covered earlier in this module for active and passive):

* If rapid response... IA/SG Sample results
* If remediation... pressure differential across slab
* This is not a definitive list
* See the specific tech sheets for performance metrics specific to your system

For Individual Module:
* Here are some example system performance metrics (not all performance metrics will
be used at all sites or for all technologies):
* If SSD.... Vacuum field or pressure differential across slab; System vacuum and
airflow
* If passive barrier... Smoke/tracer gas testing
* If rapid response... IA/SG Sample results
* Active and passive VIMS can both require long-term institutional controls
* This is not a definitive list
* See the specific tech sheets for performance metrics specific to your system
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Post-Installation VIMS Verification Checklist

We can’t stress documentation enough.

VAPOR INTRUSION MITIGATION ¢ EM
POST-INSTALLATION VERIFICATION CHECKL

The parpose of this checklng is to provide the wser with a sclestion of tools o verify that the
Approprate sysiem componcnts for the Vapor intrusion mitigation system { VIMS) were installed

o sctive

and the system i opersting ss designod. This information applies to the fous most oo
mitigation systems (SSD, S8V, SMD, and CSV) and passive systems that are described in the
sciated Fact Shoets and Technology Information Shocts. The use this checklivt should

This document was prepared in comsideration of multiple types of VIMS. Not all the information
presented below is necensary 10 document system operatson foe all types of syvems oa all rypes of
buikdmgs. The user should be sble o weniify which cntenia below best represent effective
operation for their pecific mitigation system and which e will validate the concepual ute
menbel fiot the VIMS that was wnplemented. Timing on when llest post-installation verification
data may vary and more than one cven may be ble. Sce the Post-lnstaliation Verifi

Fact Sheet for sdditional in on timing a p " erifleation site Visit

Instructions for Use: Majpor systom components s grouped bebow for this checklist, and one or
mare of these groups may not apply 10 8 particular VIMS design. Those groups. can be marked as
Not Applicable by selecting the *X* bax to the right of the group.

Dreugn cicmenss within these groups thar will appiy shouid Do scicoied appropriaiciy using the
dropdown boxes included for thes checklng as.
Yer—the design clement wan conuderod and documented
Nothis ilem was not comidered and may be relevant 1o the overall system performance,
applicable guidance, and or beat practces
NA—not applicable 1o the system design of operstion
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Knowledge Check

When is it most important to develop verification

procedures and an exit strategy? I
» During VI investigation H;
» During mitigation design and planning n
» At the time of mitigation implementation ,
» After construction 1
» Never Source: p.by
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Knowledge Check

When is it most important to develop verification
procedures and an exit strategy?

h

)

» During VI investigation /A |
1 During mitigation design and planning l ( ., '
» At the time of mitigation implementation \ ) - ,
» After construction

» Never
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OM&M/Exit Strategy Fact Sheet

Vapor Intrusion Mitigation (VIM) out

» Strategy for ongoing, . .
acceptable performance i |
» Framework for exit strategy _

» Early stakeholder engagement —

INYIROMMINTAL RESLARCH
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OM&M/Exit Strategy Fact Sheet

* Provides a strategy to confirm ongoing, acceptable VIMS performance as designed

* Presents a framework for exit strategy development

* Advocates for early stakeholder engagement of VIMS termination criteria and actions
* There may be additional state-specific and system-specific requirements



OM&M —Is the VIMS Still Working?

» Determine if VIMS continues to meet performance
metrics

7

I
|

"
IIIUII I LRI

is not meeting perf rmance metrics
» Assess results for potential to terminate VIMS
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Figure 5 of the Sub-slab Depressurization
Technology Information Sheet

INYIROMMINTAL RESLARCH
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Is the VIMS continuing to meet performance metrics?
Use the OM&M checklist to assist with periodic system inspection and to measure
operational parameters
Evaluate performance and potential for implementing exit strategy
What if the VIMS is not meeting performance metrics?
Analyze data for cause of VIMS malfunction
Inform stakeholders
Repair/replace malfunctioning equipment, if applicable
Manage changes in site or building conditions, as applicable
Consider upgrading system or installing additional VIMS
Assess the OM&M results to see if you have a potential for terminating the VIMS

88



Process Fact Sheet Rating System

! Design Considerations Post-installation
[ Fact sheet | [ Foct sheet | Ratings provided by mitigation “type”
|

!
| Impl ion of M ion Approaches ‘

‘Operation, Maintenance, and ll ]I
s Active Passive Rapid
| Design consideration |_approaches | approaches | Remediation | response |
VI CSM considerations
—"
cqfegory / Vapor source and concentration i i i
Princfpai Consfderq n'on - Vapor source and concentration ® L ] [ ]
Geology and hydr logy
Su bjECT matter Subgrade soil type [ ® o ® (=]
| iicpi!i .iu gruund\"\-r;lun:-:'liigﬁ' water I ® | ® 1 ® [
conditions

|Key | High impact ® | Medium impact | Low impact & | Not applicable —

(2l

—
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<1t click: Harvey ball key>
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Process Fact Sheet Narrative

Supporting Information for Design and
Implementation of Mitigation Approaches
Design C. Post

| Fact sheet |

Active Passive Rapid
Design consideration b s | Remediati

V1 CSM considerations

d concentration

wnad concentration ® [ ] ]

Cienloey and hydropenlory

Subgrade soil type ® =1 ® = r

Depth 10 groundwaterhugh water
conditions

| Key | High impact ® | Medium impact = | Low impact & | Not applicable — |

(2l

—
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<1%t click: Subgrade soil type detail appears>

Agpencia J in the 2014 (TRC PYI document TTRE. 2014 = 1

.l'hvllmom Permes

. he e
Active Mitigation -
Low Imosct: = oul -
_— Bieribrs S Sarinl e Sl i Mo SaASSHAR To g ot b leaalble 1o Ipamidans
)

" e wher diting &
Evvronmental High Impact: Zierre . » -
Remediation
Tecnnoiogy f

McAlary ot al. 2018
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Checklists

Conceptual Site Models for Vapor Intrusion Mitigation | roct sheet | [ checkist

Checklists for Active and Passive
Mitigation Approaches

| System Design and Documentation |

Category

Primary prompt ¢

supporting information

Conditional (secondary) prompt = |

i E

ROMMINTAL RESLARCH
OF TWE STATEL

<clicks walk through checklist steps>

‘Clickable Check

Boxes

/
////

3. BUILDING CONDITIONS AND USE
3.1. Is the building’s heating system or heating, ventilating, and air
conditioning (HVAC) system operating?
If ves, provide a summary below and explain in Section 5 if
the HVAC system operation could impact the effectiveness

of the mitigation system.

Hours/day of HVAC operarion

Climate controfled?

/- 3.1.1. Is the building's heating system or HVAC system on

during thie OMEM o

nt?

3.1.2. Is the building's heating system or HVAC system
equipped with outside dampers?
If ves. how many? % opened

-Ilii Ii’i-
OYes ONo ONA
OYes ONo ONA

OY¥es ONe ONA
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OM&M Checklist

feld- | e T
.‘ FIEid ready ChECKIISt for VAPOR INTRUSION MITIGATION SYSTEM

Cco ntl nu | ng ve rlﬁcatlo n OPERATION, MONITORING, AND MAINTENANCE CHECKLIST

Scope of Checklist: The purposs of this checklist is to guide the user dunng the inspection of

- A vapor intrusion mutigation system (VIMS ) venfy that the VIMS 0 operating as

[ Actlve designed and (2) determioe if certiin operation, maistensnce, sad mecitoring (OM&M)
activities are secessary for continued operation and effectiveness of the systemn. Thus checkhint

o provide facton to consider when documenting that the VIMS is cperating and
ste oot

p Passive

yatems on all types of r o

& - event The user should be able 1o .
| . meprll:lh gl cperation and rerponuible mamntenance of ther specific VIMS and of the conceptoal sste model
T TR d i A s

{mader which the vystem was desigred) i stll valid
= Priorto e the isp s e that the ceer review previcusly prepared
B Tem Iate for state-s ECIﬁC or OMEM plans Asbuill deawings and peroemumce (biseling) crieria are needed when
conducting inspections of 3 VIMS, Menitring scope, schedule, and methods may
applicable agency requirements, which may be amended on & case-by-case bain threugh
’

site-specific needs SRS Mo i & ol o M v

with standasds of practice and applicable codes (electrical code, building code)
In some utuatons, OMEM plan: may oot exit of be Avaiabie of Were ROt provided 10 3 Dew

speratos o F g3 and possibly the original
performance eriteria may a0t be known. In these casen, the checklnst below can otill be used to
amsist in developing the appropnate ongoing OMEM parameters for that particular site,

although sddional effort may be
stk conditions

£ on the complexity of the building and

NYIROMMINTAL RESLARCH
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* Field-ready checklist for active, passive, and remediation system continuing operation
verification
* Users can modify the checklist to meet state-specific or site-specific needs
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System Shutdown - Is the VIMS Still Needed?

conditions
» Specify the VIMS shut-down process

Source: Pixabay

Exit Strategy

»  Plan for this upfront: Refer to the Active & Passive Mitigation Modules for a
discussion of the Design Process Fact Sheet and its role in Planning

. All stakeholders should agree on post-installation, monitoring, and termination
procedures as part of the original design process.
Continually evaluate VIMS for meeting exit conditions
* Evaluate shutdown parameters during OM&M events
* Assess if shutdown criteria is met after significant site condition changes (e.g.,
remediation)
Specify the VIMS shut-down process
* How will the system be decommissioned?
* May be specified in a regulatory document
*  We understand that, for some sites, these systems will never be shut down
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Knowledge Check

Which is the most important post-installation
verification measure?

S

» Vacuum field or pressure differential across slab
» Smoke/tracer gas testing

» Long-term institution controls
» System vacuum and airflow
b It depends Source: Pixabay

IOMMINTAL RESLARCH
UTE OF TWE STATHA
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Knowledge Check

Which is the most important post-installation verification
measure? o A

» Vacuum field or pressure differential across slab ’ M
» Smoke/tracer gas testing | ( . , '
» IA/SG sample results

LB Ip i ‘ '
» Long-term institution controls v

» System vacuum and airflow

@ It depends

It depends... on the system and regulatory requirements
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Summary

» Early planning for verification, OM&M, and exit
strategy is critical

VIMS I
» ITRC provides comprehensive planning and l IS 1F WorllBas I

n
~ale o~ d P Is it stillworking®

Pl (Y | A 1 Flm ek ol b i L2 iy gy [ |
UCHVETY LOUIS (IdlL STIECLS diiu 1ICIU CHECKISLS A Is it stillneeded? I
covering multiple technologies

» Keep in mind the three essential questions < l

|
e

Source: Pixabay (adapted)
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In this training module, we discussed the key concepts from the Post-Installation and OM&M Process/EXxit
Strategy Fact Sheets and Checklists:

We stressed planning / Exit Strategy development up front and continuing through post-installation and
OM&M

* Begin with the end in mind
Commissioning

* We discussed confirming that the VIMS is operating as intended and meeting mitigation objectives
using multiple forms of validation (testing)

Monitoring

» We discussed continually evaluating if the VIMS is operating as intended and determining when the
exit strategy can be implemented

Exit Strategy

» As part of monitoring, ask yourself if you've reached the point of turning off or discontinuing
monitoring of the VIMS

* If needed, reevaluate the exit strategy with stakeholders.

Consider the three simple questions

Is it working (after installation)?
Is it still working during OM&M?

Is it still needed? (Exit strategy) 9%



Thank you for attending!

» Email further questions on today’s session to -
1 F
training@itrcweb.org k
W :
= s i o e = o s F.)’l\
» Feedback Form & Certificate of Completion: i A i
https://clu-in.ora/conf/itrc/VIM-1/feedback.cfm _.,:‘:?

= n 4
» Vapor Intrusion Mitigation Training: uf {

https://clu-in.org/conf/itrc/vim-1

Source: Pixabay

We would like to hear back from you today so please be sure to fill out the online
feedback form that’s linked on this last slide. You can also access the feedback form
by clicking Feedback in the related links section and then clicking browse to. Filling
out the feedback form and certifying that you participated will allow you to receive
a certificate of completion.

If you need further clarification on the answers or would like to ask more questions,
feel free to email us at training@itrcweb.org and we will follow up with our trainers
to get your questions answered. Or you are welcome to follow up with our trainers
directly.

Special thanks to our participants today. We appreciate you taking the time out of
your busy schedules to join us today. Thank you to our expert trainers for being
here today and for their contribution to the ITRC document.

As a reminder, ITRC archives all its training classes, so if you find that you have
additional time or looking for additional training opportunities, please visit Clu-In
and the archived trainings to see if there are other courses that might interest you.
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