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Today’s Schedule

• 15 minutes VI Developments since 2018

• 5 minutes Q&A with Jennifer Borski and Jim Walden

• 30 minutes Vapor migration through preferential pathways
(focus on sanitary sewers)

• 10 minutes Q&A with Jennifer Borski and Jim Walden



Vapor Intrusion (VI) 2020

• January 2018 RR-800 Revised

• April 2018 Issues and Trends Webinar RR-800

• 2018-2019 VI Continuing Obligation (CO) Audits

• July 2019 DNR VI Personnel Changes & VI Updates

• July 15, 2020 Webinar: Preferential Pathways

• Oct. & Dec. 2020 Webinars TBD
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Drycleaner and Vapor Intrusion Team (DVIT)

Role Member

Vapor Intrusion Team Leader Jennifer Borski

Statewide VI Technical Expert Jim Walden

NOR VI Expert John Hunt

NER VI Expert Josie Schultz

WCR VI Expert Candace Sykora

SCR VI Expert Jeff Ackerman

SER VI Experts Greg Michael, Joe Martinez

Team Sponsor Pam Mylotta

DERF Grant Manager Sandy Chancellor 

DERF = Drycleaner and Environmental Response Fund (Wis. Admin. Code ch. NR 169)
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RR-800 TCE Provisions

• Section 3.4.1

• Quickly determine demographics

• Quickly sample if developmental risk

• Section 7.1  Immediate Actions (Residential)

• Developmental 1X VAL  2.1 µg/m3  

• Non-carcinogens 3X VAL 6.2  µg/m3



Challenge of Vapor Data 
Variability – Indoor Air TCE, 
Utah Study House

Reference: Henry Schuver, U.S. EPA; EPA's 2020 Vapor Intrusion Workshop: Why You Should 
Monitor Indoor Radon, Differential Temperature, and Pressure During Chlorinated Vapor 
Intrusion Assessments, Tuesday, March 17, 2020
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TCE PCE

PAL  (Current) 0.5 0.5

PAL  (Proposed) 0.05 2

ES  (Current) 5 5

ES  (Proposed) 0.5 20

DHS Recommended 
NR 140 Changes 

TCE = trichloroethylene
PCE = tetrachloroethylene



Vapor 
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Prevention
Partnership 
Initiative
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Vapor Intrusion (VI) 2020

• January 2018 RR-800 Revised

• April 2018 Issues and Trends Webinar RR-800

• 2018-2019 VI Continuing Obligation (CO) Audits

• July 2019 DNR VI Personnel Changes & VI Updates

• July 15, 2020 Webinar: Preferential Pathways

• Oct. & Dec. 2020 VI Webinars: Topics TBD
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Standard VI Conceptual Model

Contaminants

Diffusion

Advection



Updated  VI Conceptual Model

Contaminants
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Sewer Lateral

Sewer 
Main



NR 716.11 Field investigation. (5) The field 
investigation shall include an evaluation of all of the 
following items: 

(a) Potential pathways for migration of the 
contamination, including drainage 
improvements, utility corridors, bedrock and 
permeable material or soil along which vapors, 
free product or contaminated water may flow. 



3.3 PREFERENTIAL PATHWAYS & FACTORS AFFECTING SCREENING 
GUIDELINES 

Vapors have the potential to migrate along preferential flow pathways in the subsurface 

(e.g. sewer lines, bedrock fractures, or utility corridors 7). These preferential pathways can 

have a strong effect on movement and accumulation of contaminated vapors to indoor air. 

Screening should include evaluation of preferential pathways, especially at sites where 

volatile contaminants could have been disposed into sewer lines via floor drains, sinks, 

toilets, sumps, or storm grates.

7 See the DNR’s “Guidance for Documenting the Investigation of Utility Corridors”,      
http://dnr.wi.gov/files/PDF/pubs/rr/RR649.pdf





“Preferential pathway” is a general term used to define all high-

capacity transport pathways for vapors from the subsurface source 

to the building foundation or into the building (USEPA, 2015a; 

McHugh et al., 2017b). Examples of preferential pathways are 

bedrock fractures, sand lenses, dry wells, rodent tunnels, vapor 

pathways inside conduits (e.g., sewers, storm drains, utilities, fiber 

optic cable housing), and engineered backfill material along 

conduits. 

Source: CA DTSC Draft Supplemental Guidance: Screening 
and Evaluating Vapor Intrusion February 2020 



Source: CA DTSC Draft Supplemental Guidance: Screening 
and Evaluating Vapor Intrusion February 2020 

“Vapor conduit” is a subset of preferential pathways that provide little to no 

resistance to vapor flow. For example, vapors can flow through the pipes of the 

sanitary sewer, utility conduits, or other drains or conduits. When a vapor 

conduit penetrates the building foundation, the preferential pathway can also 

serve as a potential vapor entry point. 

(Through the pipe VI also known as “Conduit VI” , ”Sewer VI” or “Atypical VI”)



Sewer Disposal



PCE  ppb

Source: Drycleaners a 
Major Source of PCE in 
Groundwater, 1992, 
California Water Control 
Board



Source: Jacobs, Jacobs, and 
Pennell, 2015



Soil PCE µg/Kg 

258,000,000 

13,000



Source: https://www.epa.gov/in/sewer-
gas-documents-and-maps-former-
amphenol-site-franklin-indiana

PCE in Soil Gas 
Around SewersFormer 

Manufacturing Plant

Red > 10,000 μg/m3



Conduit VI



Sewer Main

Sewer Lateral

Dried out P trap
Faulty Wax Ring

Cracked 
Vent Pipe

Conduit VI



Source:  Nielson, 2017, 
Remediation techniques 
for mitigating vapor 
intrusion from sewer 
systems to indoor air.

Leaking 
Vent 
Pipes







Contributions of the DOD Study

• Extensive literature review

• Typical background VOC concentrations in Sewer Gases

• Strategy for choosing which sites to investigate

• Sewer sampling methodology

• Suggested Groundwater to Sewer and Sewer to Building 

Attenuation Factors



Source: DOD ESTCP, ER-
201505, Sewer and 
utility tunnels as 
preferential pathways 
for volatile organic 
compound migration 
into buildings, risk 
factors and investigation 
protocol. 

High vs Low 
Risk Sites



Source: DOD ESTCP, ER-201505.

Initial Sampling 



Sewer Vapor and Screening Levels

Parameter - PCE Value µg/m3 Parameter - TCE Value µg/m3

Background Average PCE 
(90% of samples)

3.2 Background Average TCE  
(70% of samples)

2.6 

Sewer to Building Attenuation 
Factor (unitless)

0.03 Sewer to Building Attenuation 
Factor (unitless)

0.03 

PCE Sewer Screening 
Concentration - Residential

1,400 TCE Sewer Screening 
Concentration - Residential

70 

PCE Sewer Screening 
Concentration-
Commercial/Industrial

6,000 TCE Sewer Screening 
Concentration -
Commercial/Industrial

290 



DOD Study – Variability 

• 1-3 Days: 80% within 2X of average concentrations

• 12-18 Months: 33% within 2X of average concentrations

• Single grab sample reasonable estimate of short-term average

• Initial Testing:  Any value near screening value? Yes, seasonal              

sampling. 

• Guo, et al 2020:  Seasonal variability greater than short term



Building Assessment

• Create schematic of plumbing

• Real time: portable GC/MS

• Smoke testing

• Measuring pressure gradient - building to sewer

• Sample behind traps, cleanouts 

• Focused indoor air sampling

• Tracers

• Manipulate building or sewer pressure



Source: DOD ESTCP, ER-201505, Sewer and utility 
tunnels as preferential pathways for volatile organic 
compound migration into buildings, risk factors and 
investigation protocol. 



Typical Household 
Cleanouts



Cleanout Sampling – Draft CA VI Guidance

“For sampling, the cleanout cap should be removed, and the sampling tubing should be 

inserted as far as possible without contacting sewage. To place the sampling tubing into 

the center of the cleanout pipe, a collar should be installed at the end of the tubing to 

suspend the tubing off the cleanout pipe wall. A temporary cover should be placed on 

the cleanout opening to minimize the introduction of ambient air into the sewer. After the 

temporary cover is installed, the sewer should be allowed to equilibrate for about an 

hour before sample collection. At least three volumes of air should be purged from the 

tubing prior to sample collection.”

Source: CA DTSC Draft Supplemental Guidance: Screening 
and Evaluating Vapor Intrusion February 2020 

Tubing

Cover

Collar



PCE in 
Plumbing 
Vent

4958  ppbv



Conduit VI Mitigation Options

• Lining sewer pipes

• Relocation of sewer lines

• Venting manholes

• Activated charcoal dams

• Vapor dams

• Sealing plumbing system in building



Manhole Vapor Results Wisconsin Sites
(all µg/m3)

WI Site #1 Highest Concentration TCE    7,660 

Manhole PCE TCE

Up-flow 4.2J ND

Mid-site 5.9J ND

Downflow 27 6.7J

Residential VRSL 1,400 70

WI Site #2
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Photo of sewer sampling
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Takeaways 

• NR 716.11(5)(a) requires the investigation of all vapor paths

• In-pipe or “conduit VI” is more common  

• Conduit VI requires atypical assessment strategies

• DOD Report Useful – Recommend Reviewing 



Takeaways

• Mitigation options exist and will evolve

• Revising RR-649 – Vapor Assessment

• Re-assess VI pathway conceptual model 

• Site specific questions – contact DNR Project Manager
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