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Chemical contaminants in soil and groundwater can volatilize into soil gas and migrate through unsaturated soils of the vadose zone. Vapor intrusion (VI) 
occurs when these vapors migrate upward into overlying buildings through cracks and gaps in the building floors foundations and utility conduits andoccurs when these vapors migrate upward into overlying buildings through cracks and gaps in the building floors, foundations, and utility conduits, and 
contaminate indoor air. If present at sufficiently high concentrations, these vapors may present a threat to the health and safety of building occupants. 
Petroleum vapor intrusion (PVI) is a subset of VI and is the process by which volatile petroleum hydrocarbons (PHCs) released as vapors from light 
nonaqueous phase liquids (LNAPL), petroleum-contaminated soils, or petroleum-contaminated groundwater migrate through the vadose zone and into 
overlying buildings. Fortunately, in the case of PHC vapors, this migration is often limited by microorganisms that are normally present in soil. The organisms 
consume these chemicals, reducing them to nontoxic end products through the process of biodegradation. The extent and rate to which this natural 
biodegradation process occurs is strongly influenced by the concentration of the vapor source, the distance the vapors must travel through soil from the 
source to potential receptors, and the presence of oxygen (O₂) in the subsurface environment between the source and potential receptors.

The ITRC Technical and Regulatory Guidance Web-Based Document, Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation, and 
Management (PVI-1, 2014) and this associated Internet-based training provides regulators and practitioners with consensus information based on empirical 
data and recent research to support PVI decision making under different regulatory frameworks. The PVI assessment strategy described in this guidance 
document enables confident decision making that protects human health for various types of petroleum sites and multiple PHC compounds. This guidance 
provides a comprehensive methodology for screening, investigating, and managing potential PVI sites and is intended to promote the efficient use of 
resources and increase confidence in decision making when evaluating the potential for vapor intrusion at petroleum-contaminated sites. By using the ITRC 
guidance document, the vapor intrusion pathway can be eliminated from further investigation at many sites where soil or groundwater is contaminated with 
petroleum hydrocarbons or where LNAPL is present. 

After attending this ITRC Internet-based training, participants should be able to:

Determine when and how to use the ITRC PVI document at their sites

Describe the important role of biodegradation impacts on the PVI pathway (in contrast to chlorinated solvent contaminated sites)

Value a PVI conceptual site model (CSM) and list its key components

Apply the ITRC PVI 8 step decision process to screen sites for the PVI pathway and determine actions to take if a site does not initially screen out (e.g., site 
investigation, modeling, and vapor control and site management)

Access fact sheets to support community engagement activities at each step in the process

For reference during the training class, participants should have a copy of the flowcharts, Figures 1-2, 3-2, and 4-1 from the ITRC Technical and Regulatory 
Guidance Web-Based Document , Petroleum Vapor Intrusion: Fundamentals of Screening, Investigation, and Management (PVI-1, 2014) and are available 
as a 3-page PDF at http://www.cluin.org/conf/itrc/PVI/ITRC-PVI-FlowCharts.pdf 

Starting in late 2015, ITRC will offer a 2-day PVI focused classroom training at locations across the US. The classroom training will provide participants the 
opportunity to learn more in depth information about the PVI pathway and practice applying the ITRC PVI guidance document with a diverse group ofopportunity to learn more in-depth information about the PVI pathway and practice applying the ITRC PVI guidance document with a diverse group of 
environmental professionals. Email training@itrcweb.org if you would like us to email you when additional information is available.

ITRC (Interstate Technology and Regulatory Council) www.itrcweb.org

Training Co-Sponsored by: US EPA Technology Innovation and Field Services Division (TIFSD) (www.clu-in.org) 

ITRC Training Program: training@itrcweb.org; Phone: 402-201-2419



Although I’m sure that some of you are familiar with these rules from previous CLU-IN events, let’s 
th h th i kl f ti i trun through them quickly for our new participants. 

We have started the seminar with all phone lines muted to prevent background noise. Please keep 
your phone lines muted during the seminar to minimize disruption and background noise. During the 
question and answer break, press #6 to unmute your lines to ask a question (note: *6 to mute again). 
Also, please do NOT put this call on hold as this may bring unwanted background music over the 
lines and interrupt the seminar.

Use the “Q&A” box to ask questions, make comments, or report technical problems any time. For 
questions and comments provided out loud, please hold until the designated Q&A breaks.

Everyone – please complete the feedback form before you leave the training website. Link to 
feedback form is available on last slide.
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The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition of regulators industry experts citizen stakeholders academia and federalThe 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
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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.



Matt Williams is the Vapor Intrusion Specialist for the development and implementation of methods used to investigate and assess vapor 
intrusion issues for the Remediation and Redevelopment Division of the Michigan Department of Environmental Quality. He is a Geologist that 
has 18 years of experience in both the public and private sectors working on a wide variety of projects across the United States. He has drafted y p p p g y p j
several guidance documents and standard operating procedures for the MDEQ and has conducted numerous training and talks on soil gas 
methods and vapor intrusion for stakeholder groups and consultants. He co-leads ITRC 2-day classroom training on Petroleum Vapor Intrusion 
and is a trainer in both the 2-day classroom and Internet-based training. Matt earned a Bachelor of Science degree in Geology from Central 
Michigan University in Mt Pleasant, Michigan in 1993.
George DeVaull is a Principal Technical Expert in Environmental, Soil and Groundwater with Shell Global Solutions US Inc. in Houston, Texas. He has worked at Shell 
since 1990 on many hundreds of soil and groundwater projects across the oil and gas industry including downstream (refineries to retail), exploration and production, 
chemicals, and multi-party sites across many countries and six continents. His current work includes research & development on chemical fate and transport 
(biodegradation in the environment, soil vapor migration and intrusion into enclosures, environmental evaluation of novel and new chemical products); risk assessment 
frameworks and applications (human and ecological evaluations), and guidance and standards development and technical consultation (US, States, other countries, 
joint industry/government consortia, ASTM, API). George is a principal author of the BioVapor vapor intrusion model. For ITRC, George has contributed as a member 
of the petroleum vapor intrusion team since 2012. George earned a Bachelor of Science,1984, and Master of Science, 1985, in mechanical engineering, and a PhD, 
1990, all from University of Illinois Champaign-Urbana.  

Loren Lund is the vapor intrusion practice leader for Jacobs and resides in Shelley, Idaho. He has worked at Jacobs since 2017 and CH2M 
since 2008, which was acquired by Jacobs. He has worked in environmental risk analysis and vapor intrusion since 1990. Loren is responsible 
for overseeing/training staff and insuring vapor intrusion best practices are applied. He is responsible for the company’s compendium of best 
practices, standard operating procedures, quality assurance procedures, and VI website. Loren is an organizing committee member, classroom 
instructor, session chair, and presenter for the Air and Waste Management Association (AWMA) VI specialty conferences. He is a member of the 
Interstate Technology Regulatory Council (ITRC) Petroleum VI team, where he was the co-team leader responsible for authoring one of the 
chapters. Loren co-chairs the Navy VI Focus Group, was a co-author of the Navy 2011 Background Indoor Air Guidance for VI, and the senior 
technical leader for the Web-based Navy VI Tool and the current Navy Environmental Sustainability Development to Integration (NESDI) VI y y y p g ( )
Decision Framework database project. He has reviewed multiple national VI guidance documents, authored over a dozen papers, and has been 
a session chair or featured speaker at more than a dozen VI conferences or sessions since 2004. Loren has presented over a dozen webinar 
training sessions on VI assessment and mitigation in the last five years. He earned a bachelor’s degree in chemistry and a Ph.D. in biochemistry 
at Utah State University. He was a post-doctorate and adjunct professor in toxicology at the University of Texas in Austin.
David Folkes is a Principal with Geosyntec Consultants, Inc. in Denver, Colorado. Dave has worked on over 100 vapor intrusion (VI) projects across North America 
and overseas since 1998, including sites in Europe, South America, Australia, and Southeast Asia. He is Project Director of the Redfield Site, one of the largest VI 
sites in the US, and has served as an expert witness on several major VI cases, including class action lawsuits. Dave has been extensively involved with development 
of VI practice and guidance in the US, including training of regulators and consultants on use of the 2002 draft EPA VI guidance; and assistance with VI guidance 
development and training in many states over the past decade. As a member of the Interstate Technology and Regulatory Council (ITRC) VI Team, Dave helped 
develop its 2007 guidance and served as an instructor for VI training classes over the next four years. Dave earned his bachelor's degree in Geological Engineering in 
1977 d hi t ' d i Ci il E i i i 1980 b th f th U i it f T t C d H i i t d f i l i i C l d
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1977 and his master's degree in Civil Engineering in 1980, both from the University of Toronto, Canada. He is a registered professional engineer in Colorado.
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Biodegradation

3 factors: distance, concentration, oxygen (O2)
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CSM

4 compartments or components:

Building, foundation, soil layer (separating), vapor source

Vapors need to get from ‘source’ to enclosure to be a risk.

In many instances petroleum vapors can’t (don’t) make it from the source to the enclosure.

For any one or more of the listed reasons

We focus on aerobic biodegradation, because it is significant and nearly ubiquitous.
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There are other conceptual models for vapor intrusion. 

Not covered here.

There’s also other potential risk ‘impacts’ at sites (groundwater ingestion, soil contact, 
etc.), again, not covered here.
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Graphic is from an EPA publication (as noted)

Petroleum Hydrocarbons And Chlorinated Solvents Differ In Their Potential For Vapor 
Intrusion (PDF). EPA. March 2012. 

http://www.epa.gov/oust/cat/pvi/index.htm

Key: different chemicals behave differently

2B.26
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Biodegradation gets mentioned in regulatory guides (as listed).

Also there are many hundreds (if not near thousands) of publications referring to petroleum chemical 
biodegradation.

Refs [for information]:

US EPA. 2002. Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from 
Groundwater and Soils (Subsurface Vapor Intrusion Guidance) EPA/530/D-02/004 U S EnvironmentalGroundwater and Soils (Subsurface Vapor Intrusion Guidance). EPA/530/D-02/004, U.S. Environmental 
Protection Agency Office of Research and Development, Washington, DC, Washington, D.C., 
November, 2002: pp. 52.

Tillman, F.D., and J.W. Weaver. 2005. Review of recent research on vapor intrusion. EPA/600/R-05/106, 
U. S. Environmental Protection Agency Office of Research and Development, Washington, DC, 
September, 2005: pp. 41.

ITRC. 2007. Vapor intrusion: A practical guideline. Interstate Technology & Regulatory Council, 
Washington, D.C., January, 2007: pp. 74.g , , y, pp

US EPA. 2011. Petroleum Hydrocarbons And Chlorinated Hydrocarbons Differ In Their Potential For 
Vapor Intrusion. United States Environmental Protection Agency, Washington, D.C., September, 2011: 
pp. 13.

Technical Guide For Addressing Petroleum Vapor Intrusion At Leaking Underground Storage Tank Sites, 
U.S. Environmental Protection Agency, Office of Underground Storage Tanks, Washington, D.C. EPA 
510-R-15-001. June 2015.

OSWER TECHNICAL GUIDE FOR ASSESSING AND MITIGATING THE VAPOR INTRUSION 
PATHWAY FROM SUBSURFACE VAPOR SOURCES TO INDOOR AIR, U.S. Environmental Protection 
Agency Office of Solid Waste and Emergency Response June 2015, OSWER Publication 9200.2-154.
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This shows a ‘slice’ of the conceptual model: The soil compartment
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This shows a ‘slice’ of the conceptual model: The soil compartment
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From the soil gas profiles data on the prior slide, as well as a lot of other field and laboratory 
d t ti t d d ti tdata, we can estimate degradation rates.

Aerobic data.

For air-connected vadose zone soils.

This is from the ITRC PVI guide if you want more detail.

O ll th t f t ( d t il diff i ) b t t i fi itOverall, these rates are fast (compared to soil diffusion); but not infinite.

Final note that these rates are specific to the scenario (vadose zone soils).

They are normalized to ‘water phase’ concentrations; since the biodegradation occurs in the 
water phase and at rates proportional to water-phase concentration.

Other rates (groundwater LNAPL source depletion) are different; don’t mix them upOther rates (groundwater, LNAPL source depletion) are different; don t mix them up.
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While occurs reliably, can be limited

Depends on O2 into soil

Factors such as foundations, soils, distance (in soil) can limit oxygen in the subsurface.

Also oxygen demand from other petroleum chemicals, or from organic matter in soil (such as 
very peaty soils) will have high oxygen demand.
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Question:

Does O2 get into soils?

Answer:

Generally yes.

It is hard to keep 21% O2 in ambient air out of unsaturated soils.
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Showing a figure for a – revisited – conceptual model.

Shows both petroleum vapors and O2 

Degradation zone within the soil layer

Separation between the vapor ‘source’ and the building foundation.
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UST – underground storage tanks

AST – above ground storage tanks
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Table from Appendix F
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Notes: 

1 One or more of these indicators may be used to define LNAPL.

2 Value used in the derivation of screening distances by USEPA (2013a) and 
Lahvis and Hers (2013b).

3 Value used in the derivation of screening distances by Peargin and Kolhatkar 
(2011).

4 Value used in the derivation of screening distances by USEPA (2013a). 

5 Value recommended by Lahvis and Hers (2013b)5 Value recommended by Lahvis and Hers (2013b).

6 Value is from ASTM E2531-06.

7 Value recommended by USEPA (2013a) and Lahvis and Hers (2013b).
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Which vapor control strategy is likely to be most suitable for Example 1? Select up to 3 
tioptions.

Emergency evacuation of building

Remediation: Excavate & remove source

Remediation: Soil vapor extraction

Remediation: Utility trench dam

Mitigation: Sub-slab depressurization

Miti ti B ildi itiMitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require continued O&M of mitigation

Discuss what doesn’t make sense in this situation pro’s and con’s of the remaining optionsDiscuss what doesn t make sense in this situation, pro s and con s of the remaining options, 
what might be unique to PVI etc.

In this case, building mitigation would typically not make sense. Even though indoor air is 
above the residential SL (presumably background has been addressed or acknowledged), 
the concentrations are below commercial SLs, so they’re not too high (also meaning that 
evacuation would not be warranted). Since excavation and/or SVE could likely be 
accomplished fairly quickly, even residential risk might be acceptable (considering the short 
duration of exposure). Although the source is fairly close to the building, vapor migration ) g y g g
along the utility line is likely the main pathway, suggesting that a trench dam should be 
considered. ICs should not be needed in this case, assuming that active remediation is the 
selected approach. SVE in the source zone would likely prevent lateral movement of vapors 
toward the building.
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Which vapor control strategy is likely to be most suitable for Example 1? Select up to 3 
tioptions.

Emergency evacuation of building

Remediation: Excavate & remove source

Remediation: Soil vapor extraction

Remediation: Utility trench dam

Mitigation: Sub-slab depressurization

Miti ti B ildi itiMitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require continued O&M of mitigation

Discuss what doesn’t make sense in this situation pro’s and con’s of the remaining optionsDiscuss what doesn t make sense in this situation, pro s and con s of the remaining options, 
what might be unique to PVI etc.

In this case, building mitigation would typically not make sense. Even though indoor air is 
above the residential SL (presumably background has been addressed or acknowledged), 
the concentrations are below commercial SLs, so they’re not too high (also meaning that 
evacuation would not be warranted). Since excavation and/or SVE could likely be 
accomplished fairly quickly, even residential risk might be acceptable (considering the short 
duration of exposure). Although the source is fairly close to the building, vapor migration ) g y g g
along the utility line is likely the main pathway, suggesting that a trench dam should be 
considered. ICs should not be needed in this case, assuming that active remediation is the 
selected approach. SVE in the source zone would likely prevent lateral movement of vapors 
toward the building.
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Which control strategy is likely to be most suitable for Example 2? Select up to 3 options.

Emergency evacuation of building

Remediation: Excavate & remove source

Remediation: Source remediation (MPE, bio, etc.)

Remediation: Utility trench dam

Mitigation: Sub-slab depressurization

Mitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require continued O&M of mitigation

Discuss what doesn’t make sense in this situation, then pro’s and con’s of the remaining 
optionsoptions.

In this case, the contamination is extensive and below the building, so excavation and/or 
remediation, while likely required in any case, might not control vapors quickly enough. Not 
an emergency situation given the concentrations, but mitigation with a requirement to 
continue mitigation O&M until source cleanup is achieved would be reasonable. Building 
positive pressure is not typically a good approach for residential buildings (a commercial 
building would not require mitigation). Sealing cracks is seldom sufficient. Source 
remediation should also consider the potential for generating more vapors (e.g., sparging).g g ( g g g)

109



Which control strategy is likely to be most suitable for Example 2? Select up to 3 options.

Emergency evacuation of building

Remediation: Excavate & remove source

Remediation: Source remediation (MPE, bio, etc.)

Remediation: Utility trench dam

Mitigation: Sub-slab depressurization

Mitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require continued O&M of mitigation

Discuss what doesn’t make sense in this situation, then pro’s and con’s of the remaining 
optionsoptions.

In this case, the contamination is extensive and below the building, so excavation and/or 
remediation, while likely required in any case, might not control vapors quickly enough. Not 
an emergency situation given the concentrations, but mitigation with a requirement to 
continue mitigation O&M until source cleanup is achieved would be reasonable. Building 
positive pressure is not typically a good approach for residential buildings (a commercial 
building would not require mitigation). Sealing cracks is seldom sufficient. Source 
remediation should also consider the potential for generating more vapors (e.g., sparging).g g ( g g g)
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Note, choices slightly different for this scenario.

Which control strategy is likely to be most suitable for Example 3? Select up to 3 options.

Emergency evacuation of building

Remediation: Excavate & remove source

Remediation: Source remediation (MPE, bio, etc.)

Remediation: Replace/clean top 5 feet of soil

Mitigation: Sub-slab depressurization

Mitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require intrinsically safe building design

In this case, remediation might be feasible before development. Alternatively, cleaning up 
the upper 5 feet might be sufficient to allow development without VI concerns (while long 
term remediation including MNA continues). Ics requiring evaluation and/or mitigation at the 
time of development might be required.
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Note, choices slightly different for this scenario.

Which control strategy is likely to be most suitable for Example 3? Select up to 3 options.

Evacuate

Remediation: Excavate & remove source

Remediation: Source remediation (MPE, bio, etc.)

Remediation: Replace/clean top 5 feet of soil

Mitigation: Sub-slab depressurization

Mitigation: Building positive pressure

Mitigation: Sealing cracks (only)

Institutional Controls: Restrict residential use

Institutional Controls: Require testing/mitigation if occupied

Institutional Controls: Require intrinsically safe building design

In this case, remediation might be feasible before development. Alternatively, cleaning up 
the upper 5 feet might be sufficient to allow development without VI concerns (while long 
term remediation including MNA continues). Ics requiring evaluation and/or mitigation at the 
time of development might be required.
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Map document icons reflect responses from states during readiness assessment to help 
d t i t ti l 2017 h t t t l ti f PVI l t i idetermine potential 2017 host state locations for PVI classroom training:

Question: How is your state using the ITRC Petroleum Vapor Intrusion (PVI) guidance 
document?

- We have incorporated (or are in the process of incorporating) the ITRC PVI document into 
our state guidance to support evaluation of the PVI pathway. 

- We refer directly to the ITRC PVI document and encourage its use at sites in our state.
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Links to additional resources: 

http://www.clu-in.org/conf/itrc/PVI/resource.cfm

Your feedback is important – please fill out the form at: 

http://www.clu-in.org/conf/itrc/PVI

The benefits that ITRC offers to state regulators and technology developers, vendors, 
and consultants include:

Helping regulators build their knowledge base and raise their confidence about new 
environmental technologies

Helping regulators save time and money when evaluating environmental technologies

Guiding technology developers in the collection of performance data to satisfy the 
requirements of multiple states

Helping technology vendors avoid the time and expense of conducting duplicative and 
costly demonstrations

Providing a reliable network among members of the environmental community to focus on 
innovative environmental technologies

How you can get involved with ITRC:

Join an ITRC Team – with just 10% of your time you can have a positive impact on the 
regulatory process and acceptance of innovative technologies and approaches

Sponsor ITRC’s technical team and other activities
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Use ITRC products and attend training courses

Submit proposals for new technical teams and projects


