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Classic Vapor Intrusion (VI) Conceptual Model

Contaminated Groundwater

Foundation Cracks

Contaminated Soil Vapor

Classically, vapor intrusion was
conceptualized as VOC entry
into indoor spaces through
cracks.

EPA Draft VI Guidance 2002
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Migration of vapor phase 

contaminants into above 

ground structures.  

Primarily due to building 

depressurization (stack 

effects).  Similar to radon.

Contamination source

Residual soil and groundwater 

contamination may be in 

compliance, but vapor migration 

may still pose health risks via 

indoor air pollution.

Classic Vapor Intrusion Conceptual Model
...a little more detail

VOCs in 
indoor air

https://www2.illinois.gov/epa/topics/cleanup-programs/
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Groundwaterplumescan extend for long distances,impactingmany
individuals. Mitigatingdrinkingwater exposureriskshaslong beena
focuswhengroundwatercontaminationisknown.

As a hypothetical example:  
Here is a ~5 mile TCE plume.  

Public wells are noted. 

What other 
potential 

exposure risks 
should we 

immediately 
think about 

when we see 
long reaching 
VOC plumes?  

“Alternative 
pathways” may 

exist and 
promote vapor 

entry into 
indoor spaces.
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Sewer Systems as Sources for VOCs

https://www.infrastructurereportcard.org

https://www.valuecheckinspections.com

https://brokensewerpipeminneapolis.com

https://data.naperville.il.us



Å Determine Extents of contamination plumes

Å Evaluate plume VOC concentrations

Å Locate known pipe failure locations

Å Review past and current discharges to sewers. 

Criteria 2: 

Å Inspect indoor 
plumbing connections 
to evaluate the 
potential for vapor 
entry from sewers. 

Criteria 1:

Some Criteria for Considering Sewers, Utility 
Conduits, and “Alternative Pathways”

Plumbing vent not 
connected in attic

Connections from 
“DIY” plumbing

Cracked plumbing connections 
that are not easily visible

Checkthishouse.com

www.mwra.com

Groundwater infiltration
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ÅAlternative pathways were known to be a concern for vapor 
entry; however were not formally included as part of most 
vapor intrusion assessments until recently.

ÅLand drains, sewers, utility conduits, and tunnels can also 
provide entry routes for vapors.

ÅPreferential pathway is another common term used for 
different purposes.
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What is included as an “Alternative 
Pathway”?

McHugh and Beckley - ESTCP Project ER-201505



Sewer Connect

Hazardous 
waste sites?

Sewers? 
POTW? 

Homeowner?http://docs.bryantx.gov/water/InflowSources.jpg
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Sewers, Utility Conduits, and “Alternative 
Pathways”—What to do? Who to blame?



99

ÅOverview of Three Case Studies
1. Boston
2. Indiana
3. MEW Superfund Area

Note: ”Sun Devil Manor” in Utah (land drain) will be discussed in 
Afternoon.

ÅConsiderations for Sewers

OVERVIEW
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1. Case Study. Boston Field Study
(Pennell et al. 2013)



Sampling and 
Access



The Tale of the Toilet

37  ug/m3

3.3 ug/m3

Measured Indoor Air 
Concentrations for 
Tetrachloroethene

(PCE)

10-6 Cancer Risk = 11 ug/m3

Non-Cancer Risk=42 ug/m3

1. Case Study. Boston Field Study
(Pennell et al. 2013)

Unexpected Results in Indoor Air
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ÅSecond floor was owner 
occupied.
ÅFirst floor was occupied by 

tenants, but they had 
moved out.
ÅBasement had been sealed 

as part of ongoing vapor 
intrusion regulatory 
action.
ÅNo known sources of 

tetrachloroethene (PCE) 
were found in the house.

Strong Sewer Gas Odor
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1. Case Study. Boston Field Study
(Pennell et al. 2013)



Research Assistants, 
Jen Ames &
Leigh Friguglietti
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1. Case Study. Boston Field Study
(Pennell et al. 2013)

“CSI” of the Toilet



PCE in bathroom air = 37 μg/m3.  
. 

PCE in bathroom sewer pipe = 190 μg/m3
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Pennell et al 2013, GWMR

1. Case Study. Boston Field Study
(Pennell et al. 2013)

“CSI” of the Toilet (cont.)



The Tale of the Toilet

First floor with 
Bathroom closed off

0.64 ug/m3

Basement
0.36 ug/m3

Measured Indoor Air 
Concentrations for 

Tetrachloroethene (PCE)

Toilet Connection
190 ug/m3

10-6 Cancer Risk = 11 ug/m3

Non-Cancer Risk=42 ug/m3
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1. Case Study. Boston Field Study
(Pennell et al. 2013)



Pennell et al 2013, GWMR

There are many 
reasons that VOCs are 
in sewers. VOCs may 
be present in sewers 
near  plumes.  But 
VOCs are in sewers for 
other reasons too.  

Traps canbe effective, 
but they are not 
always effective.  
Sewer odors are 

common--evidence 
they are not 100% 

effective.

1. Case Study. Boston Field Study
(Pennell et al. 2013)

17



1818

ÅOverview of Three Case Studies
1. Boston
2. Indiana
3. MEW Superfund Area

Note: ”Sun Devil Manor” in Utah (land drain) will be discussed in 
Afternoon.

ÅConsiderations for Sewers

OVERVIEW



2. Indiana Case Study by ERM
Wallace and Friedrich (AEHS, 2016)

Home C
107 µg/m3

Home D
37.7µg/m3

Home B
13.5µg/m3

Home A
14.2µg/m3

Sanitary sewer that serviced homes and industry (and intersected a TCE plume)

EPA Indoor Air Target  - 2.1 µg/m3

Sewer gas to indoor 
air dilution factors 
were reported to 
range from: 0.0006 
to 0.02.  Temporal 
and spatial 
variability

Gas (µg/m3) Liquid  (µg/L)

25,305 188

Gas (µg/m3) Liquid  (µg/L)

23,657 255

Gas (µg/m3) Liquid  (µg/L)

14,954 312

Gas (µg/m3) Liquid  (µg/L)

17,696 306
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2. Indiana Case Study by ERM
Wallace and Friedrich (AEHS, 2016)

Subslab depressurization vapor 
intrusion mitigation systems did not 

reduce indoor air TCE concentrations.

Premise (indoor) plumbing was repaired 
and indoor air TCE concentrations were 
reduced.

Ultimately, sewer line was 
replaced and moved so it 
no longer intersected the 
groundwater plume.
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ÅOverview of Three Case Studies
1. Boston
2. Indiana
3. MEW Superfund Area

Note: ”Sun Devil Manor” in Utah (land drain) will be discussed in 
Afternoon.

ÅConsiderations for Sewers

OVERVIEW



3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)
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Recall:  Groundwater plumes 
can extend for long distances, 
impacting many individuals.  
Mitigating drinking water 
exposure risks has long been a 
focus when groundwater 
contamination is known. 

What other potential exposure 
risks should we immediately 

think about when we see long 
reaching VOC plumes?  

“Alternative pathways” may 
exist and promote vapor entry 

into indoor spaces.
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3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

A pdf of this article was provided to seminar participants or 
you can you email Kelly Pennell @ kellypennell@uky.edu



3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

33
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3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

ÅMeasured sanitary sewer gas VOC concentrations over 1 km
ÅAssessed spatial and temporal variability in sewer gas 

concentrations.
ÅCompared different sampling techniques for sewer gases. 33
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MH-14 to MH-15
MH-2 to MH-1

Source: FOIA.gov
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3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

Video logs are helpful when evaluating 
sewer gas entry into buildings

27



3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

Passive sampling using TO-17

(1-week and 24 hours)
Real time Monitoring 

(24 hours in two Manholes)

Summa Canister 

Sampling (TO-15)

Sampled sewers only—no indoor air sampling due to access limitations.
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Summa Canister 

Sampling (TO-15)

Figure 4a.  Sewer Gas Concentrations (TO-15)

3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)
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For MH-15:
TO-15 (grab)=20
TO-17 (week)=188.16

“High” concentrations 
are typically “high” by 
either method.  

Cleanouts are not easy to 
seal when doing TO-15.  
Much easier to “Seal-in-
place” when doing TO-17.

Figure 5. Roghani et al 2018



TCE concentrations in Sewer Gas from MH-15 (furthest manhole from MEW plume)
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3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)
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3. Case Study. MEW Superfund Area 
(Roghani et al. 2018)

TCE concentrations in sewer gas from MH-17  (manhole “near” to the MEW plume)

First time  
ever sampled
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ÅOverview of Three Case Studies
1. Boston
2. Indiana
3. MEW Superfund Area

Note: ”Sun Devil Manor” in Utah (land drain) will be discussed in 
Afternoon.

ÅConsiderations for Sewers

OVERVIEW



ÅConsider sewer structures (e.g. Drop structure or inverted siphon) 

ÅTributaries can decrease and increase liquid (and/or gas) concentrations 

ÅInfiltration from groundwater can increase and decrease liquid (and/or 
gas) concentrations 

Conceptualize VOC Transport in Sewers

34
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Dry Cleaners are an Important Source.
(but recall that this is just one source of VOCs in sewers, although important)

Consider VOC Discharges to Sewers
Varies State to State – and City to City 
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ÅNIRAS, Allerod, Denmark (near 
Copenhagen—Captial Region) 
were the first to formally report a 
sewer gas pathway at a vapor 
intrusion site (Riis et al 2010). 

ÅRegulators in the Central Denmark 
Region (e.g. Borge Hvidberg and 
Karen Nielsen) are also active in 
the sewer gas pathway. 

άǎŜǿŜǊ Ǝŀǎ Ǉƭŀȅǎ ŀ ƳŀƧƻǊ 
role in vapor intrusion at 
20% of contaminated dry 
ŎƭŜŀƴŜǊ ǎƛǘŜǎέ

-Nielsen and Hvideberg, 2017

International Perspective from Denmark
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Nielsen and Hvidberg (2017)

International Perspective from Denmark
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DOD Report – McHugh And Beckley

This study used TO-15 grab 
samples.

Conclusions state grab 
samples are valid for 
estimates within a factor 
of 2 for concentration 
fluctuations expected over 
1-3 days.

They recommend quarterly 
sampling of sewer gas.

Not clear why passive 
(with hydrophobic 
sorbents) wasn’t 
attempted (TO-17).
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DOD Report – McHugh And Beckley
Overview of Mitigation Techniques
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