» Vapor Intrusion Mitigation Training Online Guidance Document, hitps://vim-

1.itrcweb.org/.
» Download PowerPoint slides

» CLU-IN training page at https://clu-in.org/conf/itrc/VIM-1/. Under "Download Training
Materials.”

Use “Join Audio” option in lower left of Zoom webinar to listen to webinar
Problems joining audio? Please call in manually

Dial In +1 312 626 6799
Webinar ID: 864 7137 4922
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Housekeeping

» Recording for On Demand Viewing

» Course Information and Materials:
https://clu-in.org/conf/itrc/vim-1/

» Technical difficulties? Use Q&A Pod O

» Certificate of Course Completion -

Copyright 2020 Interstate Technology & Regulatory Council,

1250 H Street, NW Suite 850 | Washington, DC 20005




ITRC — Shaping the Future of Regulatory Acceptance

» Host Organization > Disclaimer
T » https://vim-1.itrcweb.org/about-itrc/
» Network - All 50 states, PR, DC » Partially funded by the US
e R L government

» Federal Partners "S&¥

» ITRC nor US government warranty material

DOE EP
» ITRC Industry Affiliates Prograﬁﬁ ¥ products
IAP » ITRC materials available for your use —

» ITRC nor US government endorse specific

see usage policy

DOk
m R O O
> CO m m u n ity Sta ke h 0 I d e rs lhc::;rg facebook.com/ @ITRCWEB linkedin.com/

Itreweb company/itrc

» Academia

hitps://www.itrcweb.org/




Today's Presenters

Peter Grant
EPro
peter@eproinc.com

Kelly Johnson, P.G.
Jacobs
kellyg.johnson@jacobs.com

Catherine Regan, P.E.
Haley & Aldrich
cregan@haleyaldrich.com

Elie Haddad
Haley & Aldrich
ehaddad@haleyaldrich.com

Trainer Bios: https://clu-in.org/conf/itrc/VIM-1/
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Internet Based Training (IBT)

Session 2

Active Mitigation System Verification and

e OM&M/ Exit Strategy

Is it still needed?

Passive Mitigation




What You Should Learn

» Background on the VIM Training team
» Overview of available documentation

» How access the mitigation strategies
information

» Identify the sections that will be
discussed in today’s session




ITRC VIM Webpage

» Interactive Directory
» Fact Sheets

Emergent Situation:
identify Short-term
Mitigation Strategy

Introduction and Overview of Vapor Intrusion Mitigation Training Team | foct Sheet

Conceptual Site Models for Vapor Intrusion Mitigation | crechist

Identify Long-term
Mitigation Strotegy

» Technology Information Sheets

Public Outreach during Vapor Intrusion Mitigation
(Applicable for the entirety of olf strategies)

Rapild Response and

s Remediation and Institutional Active Passive Mitigation
Ventilation for Vapor Controls as Vapor Intrusion Mitigation ["Foct Sheet |
> OW a r O r Intrusion Mitigation Mitieation
[Faas 1 & Fact Sheet Technology Information Sheets
L i Foct Sheet Technology Information Sheets [ Acroted Hoors
- Technology - S
Deve I O m e nt FI u re ! - 1 information Sheets Technology Information Sheets Crawtspace vertiatica (C5V) [ Bwidng Design
HOEON(, Ventsanon ond . wsORLTonol Controls (1C) Sb-Me MDIONe DRErSSLuronon (WD) [ Fpovy Noor Coating
Hojication Longterm || | Muitiphose Fxtraction (WOF) b siob Depressrizotion (550) [ Prvne Bavriy Satemm
. . . i Iﬂln’uw.“ Sail Vapar Dutraction (SUF) Sub-riob Vent Sation [SSV) [ Pessne sub-sioo Vmuog Systoms |
» Lonsiaerations and impacts o e 1 - *
1
- nd-rr-n‘dh-mu;h.ﬁa. Supporting Information for Design and Checklists for Active and Passive
Va rI O u S VI M a roa C h es 009 Ad itac Vendiatian Implementation of Mitigation Approaches Mitigation Approaches
Design Considerations Post-installation ! g |
| Facr shoet | | Fact shost | st Systam Leng
u
' Information Sheet for Operation, Maintenance, and — ] )
I Emerging Technology - Monitoring/Exit Strategy
Avwobiic opor MYgaton Gasrivs (VAL Fact Sheat

» Additional information

https://vim-1.itrcweb.orq/

#* INTERSTATE «

IR

el ERIS

ENYIRONMENTAL RESEARCH

COUNCIL

INSTITUTE OF THE STATES
* AHOLVINO3Y *

E G OS




Vapor Intrusion (VI) Reminder

Commercial/Industrial Worker Resident Living over Plume
Working over Plume Bosement or Crowd Spoce Without Bosament

4 4R SEER
EF EF EEEP

» Contaminants in soil and groundwater
can volatilize into soil gas.

» VI occurs when these vapors migrate
upward into overlying buildings and
Contaminate indoor air Source: ITRC Vapor Intrusion Pathway: A Practical

Guideline (VI-1, 2007)
» Chlorinated Vapor Intrusion (CVI):
addresses chlorinated compounds

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

Source: ITRC Petroleum Vapor Infrusion
Guidance (PVI-1, 2014)
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VI Mitigation (VIM)

» Implemented to reduce indoor air
contaminants due to VI below applicable
action or screening levels

» Accomplished by

» Modifying the VI pathway to reduce the mass flux
of contaminants entering the building

» Reducing indoor air contaminant concentrations
by removal or dilution




What is VI Mitigation (or Vapor Control)¢

r

|

» VOC Vapor control can include i
» Source remediation i

|

[

|

l-

Rapid Response
(HVAC modification)

» Active or passive mitigation

Active/Passive

» Rapid response
» Institutional controls

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




Steps in the VIM Process

4 Pre-System Installation A
1. Assessment of Site Conditions
2. Technology Selection
3. Develop and Document System i

\_ Design Y /~ Post-System Installation

‘ 7. System Verification
e a) Inspection

System Installation b) Verification Sampling
4. Pre-construction Meeting C) Conﬂrmlng_ Performance QA/QC
5 Installation 8. Documentation

: : 9. Operation, Maintenance,
\ 6. Installation Oversight Qn d Monitoring /




Coming Up Next...

Session 1

Rapid
CSM for VI Public Response
Mitigation Ovtreach &
Ventilation

Introduction N —y——————————————pll Closing Remarks

. . System
Active Passive Verification,

Mitigation Mitigation OM&M, and Exit
Approaches Approaches Strc;’regy

Remediation &
Institutional
Controls

Session 2

Q&A Session to be conducted after each module
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. |
SOIL GAS -
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: ‘\cggsngn STONE =7 T ) Frans ot
7 (':_—; 5’ ©CLEANVAPOR U .k al

Figure 1 of the Sub-slab Depressurlzohon (SSD) Technology
Information Sheet.
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Objectives of Module

» Active mitigation definition
» Technology overview — o
» Design considerations v




What is Active Mitigation?

» Interception, dilution, diversion of soil gas
» Mechanized features (e.g., fan)
» Quantifiable by physical measurements,
may include
» Vacuum
» Flow rate
» Mass flux
» Differential pressure

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

\‘
7

" cRUSHED T8
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Active Mitigation Fact Sheet

Vapor Intrusion Mitigation (VIM)

-

> Ove rVIeW fOr Work p rOd UCtS Active Mitigation Fact Sheet

RC has develcped a series of fact sheets that summarizes the latest science, enginesring, and technelogies regarding

» Quick summaries of active mitigation | |
approaches
> Re fe rences to previous ITRC Sheet arc Operation, Maintenance, and Monitoring/Exit Strategy Fact Sheet
documents and ANSI/AASRT

standards

2or mitigaton technologies and

1, and operation, maintenance

1 Introduction
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Tech Sheet — Sub-Slab Depressurization

General Design

» Negative pressure in sub-slab soil
relative to building envelope

» Air flow direction: sub-slab — suction
point — riser pipe — vent stack —
atmosphere

» Fans outside occupiable building
envelope

» Seal cracks and other penetrations
(utility entrances, etc.)

INTERSTATE «
8
:
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«—PC
DUCTWORK PVC DUCTWORK ||
l——;
INLINE
CENTRIFUBAL -
R
R —
. AR ——>N e
: foet =
SOIL 64S T
COLLECTION SuMP | N otictonsuup 1l CRACKS =+
\_— - \ E A" v
g @ s O N L
”cﬁuﬁhm’smns =7 o sl oo CRUSHEDSTONE > o ook
S 2 ecLea 3 pleﬁ o e & s EAN VAPOR |
Figure 1 of SSD Technology Figure 2 of SSD Technology

Information Sheet

Information Sheet




Tech Sheet - Sub-Slab Depressurization (SSD)

Components

» Electric fan/blower

» Suction points
» Vent piping & valves

» Measurement equipment e A R e R R

(manometers, gauges, sensors, etc.) ;z:;;;,ggeonvopor 2020. Used with

» Optional: condensate knockout, condensate bypass, emission
controls

Source: ERM, 2020. Used
with permission.
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Tech Sheet - SSD In New Construction Scenario

» Greater system influence
» Higher subgrade material transmissivity
» Membrane installation

» Active fan can be added after
building construction

» Side benefits
» Radon protection

_Used with |-~

At i e LN
Source: Clean Va
permission.

» Decrease basement moisture

Source: ERM, 2020. Used with
permission.




Tech Sheet - SSD In New Construction Scenario

» Positive cost impact

Installed after

Construction Installed during

Construction

~ Source: Pixabay (adapted)




Tech Sheet - Sub-Slab Venting (SSV)

Vent riser pipe
Y—gm.~~ to roof

Void

General Design
» Similar to SSD

» Air flow reduces sub-slab vapor y ks A N
concentrations -] il

» High-permeability soils or void spaces

Concrete Slab

» Relatively low vapor concentrations — souce: Pontarolo Engineerng, inc.

» Performance measurements include air velocity, system
vacuum, vapor concentrations, mass flux




Tech Sheet - Sub-Slab Venting (SSV)

Components
» Components same as SSD

» May incorporate aerated floor system
(void spaces)

» May include inlets for sub-slab dilution air

Source: Clean Vapor, 2020. Used with permission.
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Knowledge Check

Scenario A

High permeability (gravel)

under slab z,t, ¥
P R ‘*"*f:",‘ e

33 4
m Concrete w’ "::‘-;1

[ J -!'-'r wa S R I P ‘.-'-)L_Lu ;1"-3.";

q
Vo F lmi
Gravel e o
S
W rex:fm?i
\ SH.2 T‘.& A
Native Soil swk e A e

f " 'f..*n-i, :'.""a.‘"

Scenario B

Low permeability native soil
under slab R

.......

W ?w&waﬁmz@’i 3
u,, Concreie ?j AR

[ 3‘« S S S A T b

: 'f.‘:‘.’ |
e
Native SO|I RN

. "’!
%

Source: ERM, 2020. Used with permission.
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Which condition is more amenable to sub-slab venting?
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Knowledge Check

Scenario A

High permeability (gravel)

under slab z,t, ¥
P R ‘*"*f:",‘ e

33 4
m Concrete w’ "::‘-;1

[ J -!'-'r wa S R I P ‘.-'-)L_Lu ;1"-3.";

q
Vo F lmi
Gravel e o
S
W rex:fm?i
\ SH.2 T‘.& A
Native Soil swk e A e

f " 'f..*n-i, :'.""a.‘"

Scenario B

Low permeability native soil
under slab R

.......

W ?w&waﬁmz@’i 3
u,, Concreie ?j AR

[ 3‘« S S S A T b

: 'f.‘:‘.’ |
e
Native SO|I RN

. "’!
%

Source: ERM, 2020. Used with permission.
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Which condition is more amenable to sub-slab venting?




Scenario A
High permeability

Measurement of SSV Performance (gravel) under ey

slab W;

l

SR TR N G Y 'i'
K R
4

& Concrete &4

R SN ST W b ME‘,',:“!;‘_{

) Gra aaes
» Measurement options Suction Point vel ;§5g<;3?55§.,5,,,_
¢ = x » o . Native Soil ;’ vt t‘,;;'?f?'&

| Differential pressure
|- Tracer testing travel fime

N
\ :t / Velocity

1 ‘:. .: .
AN /
-\ \\\ /// /.'
.\. ‘, '}'
. 1. " " at "

1

Source: ERM, 2020. Used with permission.

Differential pressure can underestimate lateral influence of SSV
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Tech Sheet — Sub-Membrane Depressurization (SMD)

FLASHED
INLINE <— ROOF VENT

General Design CENTRIFUGAL

BLOWER —>
» Most often used for dirt floors, crawlspaces,

and compromised floors PYC DUCTWORK
\_>.
» Negative pressure below sealed membrane
relative to interior space PRESSURE ALARM ||
» Membrane provides plenum for active SR 1 ——
mitigation PsnrnmrrnE:‘lzZM :_;)’ ;il j’/’\\\ o
N BN e L
» More residential than industrial/commercial SipTs (u\\\ \/* ‘\\-\(H\;,\‘f{é;)l'/; \\/‘\v“\\
"\ Zociean varor ] FOOTING

applications

Figure 1 of the SMD Tech Sheet




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.)

- - -

» Optional: condensate bypass, emission controls Source: Arcadis, 2020. Used with permission.




Tech Sheet — Crawlspace Ventilation (CSV)

General Design
» Crawlspace air replaced with fresh air
» Vapor dilution via air exchange

» Consider significant heating or cooling
impacts

» Used when other technologies are not
feasible

Figure 1 of the CSV Tech Sheet

W

«~——PVC

DUCTWORK

CENTRIFUGAL

* : LOW

FLOW -
CONTROL IEM-P ] GAUGE
VALVE ~ SENSOR =y e A

JL},

WARMAIR  HEATER
MAY BE
DUCTED IN
DURING THE

. :'_ \ /"
' P '.>".\/// //\\ ///
m- 2 :\\?-{\ ok N J
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/\\ F—//;\/\\ F’//\ I‘\/\\ A// j\/\
W {/ NSNS NT] /,‘\\" =7/ S / \\ 7y
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Tech Sheet — Crawlspace Ventilation (CSV)

Components
» Electric fan/blower
» Vent piping & valves

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

b 94 i

ot A Vi
- L’ ¥
LPyes | i 2 - ‘ . -

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




Starting the Design Process...

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

assume you have chosen \
» active mitigation ( __
» the specific approach to implement y

Now what???

Source: Pixabay




Design Considerations Fact Sheet

Introduction and Overview of Vapor Intrusion Mitigation Training Team | Foct sheet

Conceptual Site Models for Vapor Intrusion Mitigation
Emergent Situation: "
’ Identify Long-term
Identify Short-term L
Mitigation Strategy Mitigation Strategy
. Public Outreach during Vapor Intrusion Mitigation . |
(Applicable for the entirety of all strotegies)
Rapl.d R.esponse and Remediation and Institutional Active Passive Mitigation
Ventllzfnon f.°'_' Va.por Controls as Vapor Intrusion Mitigation Fact Sheet
Intrusion Mitigation Mitigation
I Fact Sheet , b | Fact Sheet Technology Information Sheets
b v . | Fact Sheet Technology Information Sheets [ Aerated Floors
Technology
Information Sheets Technology Information Sheets Cravdspace Ventilation (CSV) [ Building Design
" Heating, Ventilation, and - Institutional Controls (i) || |[ sub brane Dep (SMD) ( Epaxy Floor Cooting
Alr Conditioning (HVAC) ‘ iy -
sodificotion Long-term tultiphase Extroction (MPE) ) Sub-slab Depressurization (SSD) ( Possive Barrier Systems
e swategy || Soii Vopor Extraction [SVE) J Sub-siab Ventilation (SSV) [ Passive Sub-Sicb Venting Systems
Treatment l l i f
]
".Prdnmﬁalhdbws:ﬂing- Supporting Information for Design and Checklists for Active and Passive
ond Ad Hoc Ventllotion Implementation of Mitigation Approaches Mitigation Approaches
Design Considerations ||~ Postiiristallation - | ., System Design ond Documentation |
| Fact sheet | | Fact sheet | Post. Gertficaton® =) ¢ « « .. | .
— — Operotion, Mointencnce, ond Monitoring | . . .
Information Sheet for Operation, Maintenance, and”|* * - . |\ — DeSIgn Considerations
Emerging Technology — Monitoring/Exit Strategy tte ., §
Aerobic Vapor Mitigation Barrier (AVMB) el Fact Sheet
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Design Considerations Fact Sheet

'Vapor Intrusion Mitigation (VIM)

Design Considerations Fact Sheet

» Guide through design considerations

> Relative importance to active mitigation | -
DOn’t Forget: 1 Introduction
» Take into account the CSM

» Plan for system Vv
re exit strategy

—

» Plan for futu

Source: Pixabay




Design Considerations — Buillding Condifions
New Consfruction

» Typically combined with passive
mitigation technologies

» May be designed and installed but
not activated

Source: Clean Vapor, 2020. Used with permission.




Design Considerations — Buillding Condifions

Existing Buildings

Factors included in design may be: Vent stack > oI
» Foundation type (multiple foundations) installation
» Slab integrity

» Preferential pathways

» HVAC

» Building dimensions

» Exterior facade requirements

Source: Clean Vapor, 2020.
Used with permission.

| ——Sealed floor
3 cracks

Source: ERM, 2020. Used with permission.




Design Considerations — Sub-slab Diagnhostics

» Diagnostics used to determine
» Suction point configuration
» Number and size of fan(s)

» Pressure field extension (PFE) testing
» Differential pressure measurements

» Other diagnostics like tracer testing
may also be used

Suction Point

Vacuum Monitoring Point

Source: ERM, 2020. Used with permission.
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Design Documentation — Design Work Plan

» Design basis

» System components and system layout

» Permitting

» Installation instructions and specifications
» Construction quality assurance (CQA)

» Plan for verification and OM&M

» Plan for exit strategy

Source: Pixabay




System Design & Documentation Checklist

Introduction and Overview of Vapor Intrusion Mitigation Training Team | Foct Sheet
Conceptual Site Models for Vapor Intrusion Mitigation
Emergent Situation: "
’ Identify Long-term
Identify Short-term L
Mitigation Strategy Mitigation Strategy
. Public Outreach during Vapor Intrusion Mitigation . |
(Applicable for the entirety of all strotegies)
Rapl.d R.esponse and Remediation and Institutional Active Passive Mitigation
Ventllzfnon f.°'_' Va.por Controls as Vapor Intrusion Mitigation Fact Sheet
Intrusion Mitigation Mitigation
I Fact Sheet , b | Fact Sheet Technology Information Sheets
b v . | Fact Sheet Technology Information Sheets [ Aerated Floors
Technology
Information Sheets p Technology Information Sheets Cravdspace Ventilation (CSV) [ Building Design
" Heating, Ventilation, and - Institutional Controls (IC) || |[ Sub-membrane Dep smop )| [ Epaxy Floor Cooting
Alr Conditioning (HVAC) ‘ iy -
Modiicotion Long-term tultiphase Extroction (MPE) ) Sub-slab Depressurization (SSD) ( Possive Barrier Systems
Eo—— strotegy || | Soil Vopor Extraction [SVE) J Sub-siab Ventilation (SSV) | Passive Sub-Slab Venting Systems
Treatment l l i f
]
".Prdnmﬁalhdbws:ﬂing- Supporting Information for Design and Checklists for Active and Passive
ond Ad Hoc Ventilotion Imnlamentation of Mitigation Approaches Mitigation Approaches I Rl | T . " 7
—— : — :: ol T l System Design and Documentation ]
Design ions «Installation System Design ond Documentation e I | U
| Fact sheet | | Fact sheet Post. Verification |
; Operotion, Mointenance, ond Monitoring |
Information Sheet for Operation, Maintenance, and
Emerging Technology —_ Monitoring/Exit Strategy
Aerobic Vapor Mitigation Barrier (AVMB)
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System Design & Documentation Checklist

Active Mitigation Checklist

» Walks through each design e

Existing Buildings and New Construction

CO n S I d e ra tl O n Details and types of active mitigation can be reviewed in the Active Mitigation Fact Sheet. The

primary active technologies that are the focus of this design checklist are sub-slab
- . gmn depressurization, sub-slab venting, sub-membrane depressurization, and crawlspace venting,
> P ro m tS u Se r fo r S I te - S eC I fl C and these technologies are detailed in their respective technical information sheets. This section
p p focuses on design checklist considerations for existing buildings where the design needs to

accommodate an existing 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 (SSD)

- -
I n fo rl I la tl O n system ls'tmng installed. This is different than mitigation of new construction that consists of a

passive barrier or aerated floor. For the passive mitigation systems, see the passive mitigation
checklist below.

> N Ot a I I ite m S m ay be a p p I ica b I e 1. ACTIVE MITIGATION SYSTEM DESIGN AND DOCUMENTATION

fo r a | | S Ites * Have all the building slab areas been fully charactenized for O Yes ONo OONA
contaminants?
e Has pressure field extension (PFE) testing been completed? OYes ONo ONA
1.1, Selection of system materials and methods
e Were total building footprint, foundation type, and under-slab OYes OONo ONA

compartments (created by haunches, thickened slab, or
clevation changes) considered in the design process?
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Summary

» Definition of active mitigation
» Common active mitigation approaches for new

construction and existing buildings =
» Considerations for designing an active

=« CENTRIFUGAL

mitigation technology — ﬂf,a

M—

» Key elements in active mitigation system R -
design S O
> DeS|gn C|OCU mentatlon Fngre 1 of ;r'he SLUb—S|Gb Depressurization (SSD)

Technology Information Sheet.




Next Steps

» Install the system as designed
» Verify effective installation and operation
» Conduct routine OM&M

» Monitor and plan for an exit strategy

Source: Pixabay




Source: Pixabay
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Source: thenounproject.com.
Used with permission.
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Objectives of Module

» Passive mitigation definition
» Technology overview

» Design considerations s
» Installation planning

» Construction quality assurance




What is Passive Mitigatione

» Block or divert contaminant vapors
from entering building

» Does not rely on mechanical means
(e.g. blower)

» Relies on natural mechanisms

Source: Adapted from ITRC.




Passive Mitigation Fact Sheet

Vapor Intrusion Mitigation (VIM)

» Summary guide to the content in
other work products

» Summaries of both common and
less common passive technologies

» References to previous ITRC
documents and various state vapor oo
intrusion guidance documents e e ot Mt i e

Passive Mitigation Fact Sheet

2 Passive Mitigation Types




Tech Sheet — Common Passive Barrier Systems

Asphalt Latex Membranes (ALM)

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

The_rmoplos’ric Membranes (TM) Composite Membranes (CM)
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Tech Sheet — Passive Barrier Systems

Asphalt Latex Membranes (ALMs)

General Design

» Barrier to prevent VI in new buildings

» Typically comprised of
» Base layer
» Continuous spray-applied asphalt
» Cap sheet

» Effective for a wide range of
contaminants

Concrete Floor Slab . =7 —
\ )

Protective Layer\i . :»—-ﬁ--\_h_uxvf_f,,_ ,-«—; S
Spray-on ALM \ ® SR
Base Layer—

Permeable Substrate ’[

Passive sub-slab venting system

Figure 1 of Passive Barriers Technology Information Sheet.




Tech Sheet — Passive Barrier Systems

Asphalt Latex Membranes (ALMs)

Installation

» ALM application to Thermoplastic
Membrane

» Manufacturers provide specific
installation instructions

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




Tech Sheet — Passive Barrier Systems

Thermoplastic Membranes (TMs)

General Design

» Single layer sheet systems with
heat-welded seams

» TMs are different (thicker) than
"moisture vapor barriers"

» Effective for a wide range of
contaminants

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

Struciural Cancrete Foundation/Slab

"« Sand Aove Uapor Barrier (optional
_.—-—"‘”’,f Heatl Welded Overlap Seam

60 Mil min. High Density Polyethylene
(HDPE) Enhanced Vapor Barrler

Sand or Bravel Below Membrane
Over Compacled Subgrade
Fillet Exirusion Bead
(Only 11 Sa:“t:;n': All Barrier Figld Joints Shall

be Overlapped & Minimum of §" __60~MMI1 HBPE Lingr with

= / Continuousiy Welded Seam

HOPE Liner Flllet Extrusion Seam Overiap Detall

January 2021
GeoKinetics

Tupical HDPE Vapor Barrier System




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

Source: Steve Weiterman, 2020. Used with
permission.




Tech Sheet — Passive Barrier Systems

Composite Membranes (CMs)

General Design )
» Typically comprised of multiple materials,  rrocionsnee
such as spraron >
» EVOH Metallized Film Sl <
» Metallized films -

» Spray-on emulsion/ALM

Low-Profile
Venting

» Effective for a wide range of contaminants

Source: Land Science, 2020. Used with
permission.




Tech Sheet — Passive Barrier Systems

Composite Membranes (CMs)

Installation

» Seams and penetrations sealed by various
methods

» Manufacturers provide specific installation
instructions

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




Tech Sheet — Other Passive Systems

L ‘
Aerated Floors

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

Building Design
Epoxy Floor Coatings (EFCs)

Passive Sub-Slab Ventmg (SSV) Figure 1 of Epoxy Floor Coatings Figure 2 of Building Design
Systems Technology Information Sheet. Technology Information Sheet.
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Tech Sheet — Aerated Floors

Vent riser pipe
s~ to roof

Void
Concrete Slab

» Create continuous void space under slab

» Low resistance to air flow, air exchange . hea ANNiTa AN\
rates are high s — 1 ‘

» Most applicable to new construction

» Proprietary forms designed for all building
types

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

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




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

M Exhaust Vent

» Fundamentally different from SSD cV\
» Relies on pressure differences to induce flow
» Most applicable to new construction

» Often used in conjunction with passive
barriers to improve performance HarmerAr

» No power source required *

Jd —— Collection plenum

Permeable ﬁ 7x:

dggregate - - :
Figure 1 of Sub-slab Venting to allow airflow -
Technology Information Sheet.




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

Figures 1 and 5 of Sub-slab Venting

1] Technology Information Sheet.
«—— Exhaust Vent
Colder Air
Warmer Air
')
Parrunbia PPN CAR Y Collection plenum
aggregate Collection network ——} § . T
toallow airflow g S Al Collection network
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Tech Sheet — Epoxy Floor Coatings (EFCs)

» Applicable to all building types

» Most applicable to existing
building floors/walls as a passive
VI barrier

» Involves concrete surface
preparation prior to application

» Can protect concrete
» Requires specialty applicators

Figure 1 of Epoxy Floor Coatings Technology Information éﬂﬁeef.
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Tech Sheet — Building Design for Passive VIM

Vented Garages

» Mainly city setting where space is limited

» Naturally vented (passive) or
mechanically vented (active)

» Design and OM&M often included in
building code

» Adequate ventilation rate needed to
mitigate VI

Figure 1 of Building Design Technology
Information Sheet.




Tech Sheet — Building Design for Passive VIM

Raised Foundations or Crawlspace

» Temperate climates

» High water tables/flooding

» Naturally induced air exchange

» Adequate ventilation rate needed to mitigate VI

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

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

A.  Aerated Floors i
B. Epoxy Floor Coatings

C. Passive Sub-Slab Venting Systems
D. None of these

Source: Pixabay




Knowledge Check

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

A. Aerated Floors
| B. Epoxy Floor Coatings
f C. Passive sub-slab venting systems
| D. None of these




Starting the Design Process...

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

» Passive mitigation f |
» The specific approach to implement \

Now what???

Source: Pixabay




Design Considerations Fact Sheet

Introduction and Overview of Vapor Intrusion Mitigation Training Team

tual Site Models for or Intrusion Mitigation

Emergent Situation: )
; Identify Long-term
identify Short-term Mitigation Strategy
Mitigation Strategy
1 Public Outreach during Vapor Intrusion Mitigation .
{Applicable for the entirety of all strotegies)
Rapl.d Response and Remediation and Institutional Active Passive Mitigation
Ventilation for Vapor Controls as Vapor Intrusion Mitigation
Intrusion Mitigation Mitigation
Fact Sheet B Fact Sheet Technology Information Sheets
. . \ Fact Sheet Technology Information Sheets [ Agrated Floors }
Technology
Information Sheets P Technology Information Sheets Cravdspace Veatilation (CSV) ( Building Design )
Heating, Veotilation, and | v institutional Controls (iC) 1| | [ sub-membrane peoressunzation ismo} ( Epaxy Floor Coating )
Alr Conditioning (HVAC) ‘ Identify || — - —

§ ificotion | |rong-t ( D : 0 (MPE) J Sub-slab Oepressunzotion (SS0} [ Possive Barrie ]
PO \ “;'tm" Soil Vopor Extraction (SVE) ) Sub-siab Ventilaton {SSV) [ Passive Sub Siab Venting Systems |
Treotment l l t i

J ¥
.Pu-juem‘a!PorﬁwaySculingi Supporting Information for Design and Checklists for Active and Passive
t and Ad Hoc Ventllotion Implementation of Mitigation Approaches Mitigation Approaches
_ Design Considerations | Postiiristallatio « | ., System Oesian ond bocumentonon |
| Foct Sheet | | Fact Sheet | [ Post-instaltanonSystem Verdfidaobn® =11 - « . . |, | .
- | Operation, Maintenonze, and Monitoring |
Information Sheet for Operation, Maintenance,and " |* = - . || -
Emerging Technology — Monitoring/Exit Strategy BRI .
Aerodic Vopor Mitigaticn Barrier {AVIMB) e, 5o,

Design Considerations
Fact Sheet
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Design Considerations Fact Sheet

'Vapor Intrusion Mitigation (VIM)

Design Considerations Fact Sheet

» Guide through design considerations
> Relative importance to passive mitigation | .- oo o

Review the CSM: o
. What are your COCs? - e e
» How strong IS the vapor SOUrce: ) b
» Where is the vapor _source locate
relative to the bundmg?

omememe. )

—1

Source: PIxabay
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Design Considerations

Drawings

» Materials used

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

» Installation instructions and
specifications

YIS MEMBRANE CONFIGURATION 2

(Xl BERTTH

» Performance testing

SYSTEM DETAILS

VIMS-2

Source: Terracon Consultants, Inc, 2020. Used with permission.
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System Installation Planning

Pre-Construction Meeting

. . . . CHECKLIST
» Include all persons involved with the installation

» Include ancillary trades who might impact the % |
performance of the VIMs 7 /
" |
v
l

Source: Pixabay




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
» Oversight documentation

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




Design Considerations

New Construction vs. Existing Builldings

<« High level of control
in New Construction

Must work around »
conditions within
Existing Buildings

Source: Confractors Waterproofing, 2021.
Used with permission.




Design 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

f - Ty I~
o A

Source: Land Science, 2020. Used with permission.




Knowledge Check

What is the most important element of good design?
A. Figuring it out as you go {
' B. Skipping the CSM ‘
C. Letting the project team know you want passive
mitigation
D. Proper site evaluation and planning




Knowledge Check

What is the most important element of good design?
A. Figuring it out as you go
B. Skipping the CSM

4 C. Letting the project team know you want passive
mitigation
D. Proper site evaluation and planning




System Design & Documentation Checklist

Introduction and Overview of Vapor Intrusion Mitigation Training Team

: Conceptual Site Models for Vapor Intrusion Mitigation

Emergent Situation: identify Lo
; ng-term
Identify Short-term
oL Mitigation Strate
Mitigation Strategy 9 4
1 Public Outreach during Vapor Intrusion Mitigation .
{Applicable for the entirety of all strotegies)
:apl'_‘: ?IESD;)HSS and Remediation and Institutional Active Passive Mitigation
entilation for Vapor Controls as Vapor Intrusion Mitigation
Intrusion Mitigation Miti ;ion &
Fact Sheet B Fact Sheet Technology Information Sheets
. . \ Fact Sheet Technology Information Sheets [ Agrated Floors }
Technology
Information Sheets P Technology Information Sheets Cravdspace Veatilation (CSV) ( Building Design )
Heating, Veotilation, and | v institutional Controls (iC) 1| | [ sub-membrane peoressunzation ismo} ( Epaxy Floor Coating )
Alr Conditioning {HVAC) tdentify o : =
ificotion | |Long-t ( D : 0 (MPE) J Sub-slab Oepressunzotion (SS0} [ Possive Barnie ]
R Miti it P
PO \ S,tm ( Soil Vopor Extraction (SVE) ) Sub-siab Ventilaton {SSV) [ Passive Sub Siab Venting Systems |
Treotment l l t 7
/ ¥
{P&-juem‘ah‘orﬁwaykulingi Supporting Information for Design and Checklists for Active and Passive
and Ad Hot Ventilotion Implementation of Mitigation Approaches Mitigation Approaches N | T l S " -
J : A stem Design and Documentation
Design Considerati Post-Installation | system Design ond Documentotion | | . . ] - - y g
| Foct Sheet | | Fact Sheet | | Post-instoilavon System Verificavon |
- | Operation, Maintenonze, and Monitoring |
Information Sheet for Operation, Maintenance, and
Emerging Technology S— Monitoring/Exit Strategy
Aerobdic Vopor Mitigation Barrier (AVMB)

INTERSTATE «

ENVIRONMENTAL RESEARCH
INSTITUTE OF THE STATES
AHOLVINOIY *




Summary

» 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.

Source: Pixabay.
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Source: Pixabay
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IMS
s it working?
s it still working?

s it still needed?

System Verification,
Operation, Maintenance, and
Monitoring, and Exit Strategy

Source: Pixabay (adapted)




Objectives of Module

» How to use the ITRC documents in your work
» Importance of early communication

» How to verify VIMS success — o
» How to address underperformance v

» Planning for discontinuing a mitigation system




Communicate with your Stakeholders

Concurrence with stakeholders is critical during design:

» Keep stakeholders informed

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

Don’t Wait Until
the Last Moment

Source: Pixabay




Post-Installation Fact Sheet

Vapor Intrusion Mitigation (VIM)

» Key considerations for VIMS
verification T

Post Installation Fact Sheet

230N 3Nd Cerating parameters IS required. 1T 1S dunng this time that the conceptual site moael (CSN) 13 validatea ana the

Mitigation Barcier Technology Information Sheet for more i

2 PreConstruction and During Construction

ENYIRONMENTAL RESEARCH
INSTITUTE OF THE STATES
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Verification —Is the VIMS Workinge

» Use building condition survey

» Confirm VIMS was installed as designed:
» Verify installed components
» Verify proper operation

» Adjust as needed

.

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




Documentation

Critical foundation for future condition
evaluation

» As-built drawings
» Verification performance data




Example System Performance Metrics

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

» IA/SG Sample results

» Long-term institutional controls
» System vacuum and airflow

» Other system/regulatory-specific

1 S .G tec, 2020. Used with ission.
metrlcs ource: Geosyntec sed with permission




Post-Installation VIMS Verification Checklist

» Field-ready checklist
» Active
» Passive

» Template for state-specific or
site-specific needs

INTERSTATE «
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VAPOR INTRUSION MITIGATION SYSTEM
POST-INSTALLATION VERIFICATION CHECKLIST

The purpose of this checklist is to provide the user with a sclection of tools to verify that the
appropriate system components for the vapor intrusion mitigation system (VIMS) were installed
and the system is operating as designed. This information applies to the four most common active
mitigation systems (SSD, SSV, SMD, and CSV) and passive systems that are described in the
associated Fact Sheets and Technology Information Sheets. The user of this checklist should
review the VIMS design or as-built documentation prior to completing this checklist.

This document was prepared in consideration of multiple types of VIMS. Not all the information
presented below is necessary to document system operation for all types of systems on all types of
buildings. The user should be able to identify which critena below best represent effective
operation for their specific mitigation system and which criteria will validate the conceptual site
model for the VIMS that was implemented. Timing on when to collect post-installation verification
data may vary and more than one event may be reasonable. Sce the Post-Installation Verification
Fact Sheet for additional information on timing a post-installation verification site visit.

Instructions for Use: Major system 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 selecting the ‘X box to the right of the group.

Design elements within these groups that will apply should be selected appropriately using the
dropdown boxes included for this checklist as:
Yes—the design element was considered and documented
No—this item was not considered and may be relevant to the overall system performance,
applicable guidance, and/or best practices
NA-—not applicable to the system design or operation




Knowledge Check

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

» During VI investigation D
» During mitigation design and planning

» At the time of mitigation implementation
» After construction

> Never Source: Pixabay




Knowledge Check

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

» During VI investigation

During mitigation design and planning

» At the time of mitigation implementation
» After construction

» Never




OM&M/Exit Strategy Fact Sheet

Vapor Intrusion Mitigation (VIM)

» Strategy for ongoing,

Operation, Maintenance, and Monitoring Process/Exit Strategy

acceptable performance petshest
» Framework for exit strategy e e e
» Early stakeholder engagement o

1 Introduction

= Mgalcn strategy nNas SeleCied, Oesigned anc Co s5ined Opefslo : ance, ¢ MOorNg
M) plan slavs 2 key role in emorarating tThe ORTGIND S5 ectveness oF the vanar Imtrusion mitaates system (VING

A iz OMAM Drscsss fact
10 TUS VMG PIOCess Tact

t Please see the Acrobic Vapor Mitigation Barriers Technology information Sheet for more informatior

2 Operation, Maintenance, and MONITORING Plan

o0 and should be preparsd for sach installed VIMS Dets
won 4.5 of in e 2014 ITRC Petroleum Vapor Intrusion (PV1)
2tards for OMEM plan content that applies t¢ the instalied

ENYIRONMENTAL RESEARCH
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OM&M —Is the VIMS Still Workinge

» Determine if VIMS continues to meet performance
metrics

» Analyze the cause of malfunction and
implement corrective action

» Inform stakeholders if VIMS
is not meeting performance metrics

» Assess results for potential to terminate VIMS

This cor onent of »
Subslab ) st tion Systen

PONOT ALY R € { DISCONNECT
&
|

Figure 5 of the Sub-slab Depressurization
Technology Information Sheet




Process Fact Sheet Rating System

Supporting Information for Design and
Implementation of Mitigation Approaches
Design Considerations Post-Installation . . ore . . "
Ratings provided by mitigation “type
Operation, Maintenance, and { A \
Monitoring/Exit Strategy - - -
Active Passive Rapid
Design consideration approaches | approaches | Remediation | response
VI CSM considerations
/
Cafegory _» Vapor source and concentration
Princ Ip al consideration Vapor source and concentration L e ®
Geology and hydrogeology
Su bJeCT matter Subgrade soil type ® = ® @
Dept}:l to groundwater/high water ® ° °
conditions

Key | High impact ® | Medium impact | Low impact @ | Not applicable —
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Process Fact Sheet Narrative

Supporting Information for Design and
Implementation of Mitigation Approaches

Design Considerations Post-Installation

Operation, Maintenance, and
Monitoring/Exit Strategy

Active Passive Rapid
Design consideration approaches | approaches | Remediation | response
VI CSM considerations
Vapor source and concentration

Vapor source and concentration I =] ’ @ I 2]

re 1 drogeeolooy

Subgrade soil type @ - a -

Yo . ater/hi o
I Lp“l'lll(l groundwater/high waler ® ® °
conditions

Key | High impact ® | Medium impact | Low impact & | Not applicable —
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SubgradeSmIType n most ¢

cally r

Appgndummezmumcpwdoc ment TR;, 2014 =) for more

s, the properties of soils imm

nitigatior

Active Mitigation

Passive Mitigation

Low Impact: Passi

ntilation

contribute to indoor air
s1ze required to

nauce and maintain the negatve

bdarrers and around
a permeable layer beneath an existing buillding. T

function best in soils that are highly permeable when retrofitting an existing building

Environmental High Impact: Remediaton technologes require the characierizat on of soils beyond the
Remediation subsurfaca 1o evaluate the effectiveness of the proposed technology. MPE and SVE are
Technology generally not applicable to low-permeability soils
Low Impact: Rapid respenses typically include ventilation changes, indoer air reatment
Rapid Response or other efforts that are focused inside the bullding, therefore sub-slab conditions are not
relevant




Checklists

Conceptual Site Models for Vapor Intrusion Mitigation Clickable Check

Boxes
Checklists for Active and Passive
Mitigation Approaches A
3. BUILDING CONDITIONS AND USE | |
| System Design and Documentation | ‘ e _ o )
3.1. Is the building’s heating system or heating, ventilating, and air &/ Yes [JNo [ NA
[ Post-Installation System Verification ] / / conditioning (HVAC) system operating?
= If yes, provide a summary below and explain in Section 5 if
l Operation, Malntendnes s ] Ca feg ory the HVAC system operation could impact the effectiveness Editable
of the mitigation system. .
Primary prompt SRR
Imary promp Hours/day of HVAC operation 12
Prompt to record -~ Climate controlled? OYes ONo ONA
supporting information
PP g 3.1.1. Ts the building’s heating system or HVAC systemon [ Yes O No [ NA
. I during this OM&M cvent?
Conditional (seconddry) prompT 3.1.2. Is the building’s heating system or HVAC system OYes ONo [CNA
equipped with outside dampers?
If ves, how many? % opened -
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OM&M Checklist

» Field-ready checklist for
continuing verification

» Active
» Passive
» Remediation

» Template for state-specific or
site-specific needs
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Vapor Intrusion Mitigation Training (VIMT)

VAPOR INTRUSION MITIGATION SYSTEM
OPERATION, MONITORING, AND MAINTENANCE CHECKLIST

Scope of Checklist: The purpose of this checklist is to guide the user during the inspection of
a vapor intrusion mitigation system (VIMS) to (1) verify that the VIMS is operating as
designed and (2) determine if certain operation, maintenance, and monitoring (OM&M)
activities are necessary for continued operation and effectiveness of the system. This checklist
is intended to provide factors to consider when documenting that the VIMS is operating and
is effectively mitigating the vapor intrusion pathway during the lifecycle of its operation. Not
all the information presented below is necessary to document system operation for all types of
systems on all types of buildings, and some items may not be needed during every monitoring
event. The user should be able to identify which criteria below best represent effective
operation and responsible maintenance of their specific VIMS and if the conceptual site model
(under which the system was designed) is still valid.

Prior to completing the inspection, it is recommended that the user review previously prepared
OM&M plans. As-built drawings and pedformance (baseline) critena are needed when
conducting inspections of a VIMS. Monitoring scope, schedule, and methods may follow
applicable agency requirements, which may be amended on a case-by-case basis through
regulatory negotiation and approval. Where applicable, the monitoring and inspections must
also comply with standards of practice and applicable codes (electrical code, building code).

In some situations, OM&M plans may not exist or be available or were not provided to a new
operator or new building owner. Thus, the original as-built drawings and possibly the original
performance criteria may not be known. In these cases, the checklist below can still be used to
assist in developing the appropriate ongoing OM&M parameters for that particular site,
although additional effort may be appropriate depending on the complexity of the building and
site conditions.




System Shutdown = Is the VIMS Still Needed?

» Plan for the exit early in the VIMS process

» Continually evaluate VIMS for meeting exit
conditions

» Specify the VIMS shut-down process

Source: Pixabay




Knowledge Check

Which is the most important post-installation
verification measure? l

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

» IA/SG sample results

» Long-term institution controls

» System vacuum and airflow .
» It depends Source: Pixabay




Knowledge Check

Which is the most important post-installation verification
measure?

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

» IA/SG sample results

» Long-term institution controls

» System vacuum and airflow
It depends




Summary

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

» ITRC provides comprehensive planning and :z :1 giﬁrw'dggkfnge
delivery tools (fact sheets and field checklists) s it sfill needed?

covering multiple technologies
» Keep in mind the three essential questions

~ Source: Pixabay (adapted)




Thank you for attending!

Questions

» Email further questions on today’s session to:
training@itrcweb.org

» Feedback Form & Certificate of Completion:
https://clu-in.org/conf/itrc/VIM-1/feedback.cfm

» Vapor Intrusion Mitigation Training:
https://clu-in.org/conf/itrc/vim-1

Source: Pixabay




