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Classic Vapor Intrusion (VI) Conceptual Model

Classically, vapor intrusion was
conceptualized as VOC entry

into indoor spaces through
cracks.

EPA Draft VI Guidance 2002

Contaminated Groundwater




Classic Vapor Intrusion Conceptual Model

...a little more detall
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Migration of vapor phase
contaminants into above
ground structures.
Primarily due to building
depressurization (stack
effects). Similar to radon.

Residual soil and groundwater
contamination may be in
compliance, but vapor migration
may still pose health risks via
indoor air pollution.



Groundwaterplumescan extend for long distancesjmpactingmany
individuals Mitigating drinkingwater exposureriskshaslong beena
focuswhengroundwatercontaminationis known
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Sewer Systems as Sources for VOCs

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

Criteria 1: - Groundwater infiltration
|4 ¥ A :‘7:\—'.:)-- y ':'f;" ~\'-‘>- :

—~

Determine Extents of contamination plumes

Evaluate plume VOC concentrations /

Locate known pipe failure locations

To To Io I»

Review past and current discharges to sewers.

Criteria 2:

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

Plumbing vent not Connections from Cracked plumbing connections

Checkthishouse.com connected in attic “DIY” plumbing that are not easily visible
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What is included as an “Alternative
Pathway”?

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

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

APreferential pathway is another common term used for
different purposes.
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Sewers, Utility Conduits, and “Alternative
Pathways” —What to do? Who to blame?
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OVERVIEW

A Overview 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.

A Considerations for Sewers



1. Case Study. Boston Field Study

(Pennell et al. 2013)
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Sewer Gas: An Indoor Air Source of PCE to
Consider During Vapor Intrusion Investigations

by Kelly G. Pennell, Madeleine Kangsen Scammell, Michael D. McClean, Jennifer Ames, Brittany Weldon,
Leigh Friguglietti, Eric M. Suuberg, Rui Shen, Paul A. Indeglia, and Wendy J. Heiger-Bernays



Sampling and
Access




1. Case Study. Boston Field Study

(Pennell et al. 2013)

Unexpected Results in Indoor Air

Measured Indoor Air
Concentrations for
Tetrachloroethene

(PCE)

------------------------

«— 37 ug/m3

«—— 3.3ug/m3

10 Cancer Risk = 11 ug/m?3
Non-Cancer Risk=42 ug/m?3




1. Case Study. Boston Field Study

(Pennell et al. 2013)

A Second floor was owner
occupied.

A First floor was occupied by
tenants, but they had
moved out.

A Basement had been sealed
as part of ongoing vapor
intrusion regulatory
action.

A No known sources of
tetrachloroethene (PCE)
were found in the house.
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1. Case Study. Boston Field Study

(Pennell et al. 2013)

“CSI” of the Toilet
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1. Case Study. Boston Field Study

(Pennell et al. 2013)
“CSI” of the Toilet (cont.)

PCE in bathroom sewer pipe = 190 pg/m?3

PCE in bathroom air = 37 pg/m3.
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1. Case Study. Boston Field Study

(Pennell et al. 2013)

Measured Indoor Air
Concentrations for
Tetrachloroethene (PCE)

Toilet Connection
190 ug/m3

First floor with
&—— Bathroom closed off
0.64 ug/m3

Basement
0.36 ug/m3

10-¢ Cancer Risk = 11 ug/m?3
Non-Cancer Risk=42 ug/m?3




1. Case Study. Boston Field Study

(Pennell et al. 2013)
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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.
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2. Indiana
3. MEW Superfund Area
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A Considerations for Sewers



2. Indiana Case Study by ERM

Wallace and Friedrich (AEHS, 2016) EPA Indoor Air Target - 2.1 ug/m?3

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

T

25,305 188 23,657 255 14,954 312 17,696 306

Sewer gas to indoor
air dilution factors
| were reported to

' range from: 0.0006
to 0.02. Temporal
and spatial
variability



2. Indiana Case Study by ERM

Wallace and Friedrich (AEHS, 2016) EPA Indoor Air Target - 2.1 ug/m?3

Sanitary sewer that serviced homes and industry (and intersected a TCE plume)
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2. Indiana Case Study by ERM

Wallace and Friedrich (AEHS, 2016)

hbslab depre ation vapc Premise (indoor) plumbing was repaired
. satic . did nao and indoor air TCE concentrations were
reduced.

- Fan

Ultimately, sewer line was
replaced and moved so it
no longer intersected the
groundwater plume.
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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 GRION
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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)

Science o u
Total Enyirenment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Occurrence of chlorinated volatile organic compounds (VOCs) in a )

sanitary sewer system: Implications for assessing vapor intrusion e
alternative pathways

Mohammadyousef Roghani 2, Olivia P. Jacobs ®, Anthony Miller ¢, Evan J. Willett ¢, James A. Jacobs ®,
C. Ricardo Viteri €, Elham Shirazi ¢, Kelly G. Pennell **

A pdf of this article was provided to seminar participants or
you can you email Kelly Pennell @ kellypennell@uky.edu
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3. Case Study. MEW Superfund Area

(Roghani et al. 20138)

2012 VI Study Area Approximate Scale
MH-1 Groundwater TCE Concentration > 5 pg/L w -%E L_400ft
\ S Legend
o e = \ mMi17 O | Manhole

+— | Sewer flow

TCE hot spot

Street B

/ewer videos indicate \

groundwater infiltration in \\\ -/ ==~

this area. Elevated TCE " . == ) o Elevated TCE groundwater

groundwater concentrations | TCE, groundlwater hot spots” are : concentrations exist in this area.

exist near MH-12, MH-13, unlikely to intersect the sewer due ‘ Groundwater can infiltrate through

MH-14 and MH-15. / to the deth of the ground\./vate.r cracks in the sewer. Sewer videos
table relative to the sewer in this ‘ have confirmed infiltration into the
area (see Fig. 1b).

sewer west of MH-21.
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3. Case Study. MEW Superfund Area

(Roghani et al. 2018)

N

e - \ 2012 VI Study Area Approximate Scale
MH-10 . - 400 ft
A Groundwater TCE Concentration > 5 pg/L w %E e
MH-2 Bee. = \ S Legend
| MH-12 MH- 3 B . \ Mi17 O | Manhole
MH-15 N MH-11 g A — | Sewer flow
| ® () MH-9 MH-IO MH-17 R - TCE hot spot
' o o MHS  “Hpa QR
= S MHEPHIOMHS "y 4p, MH-15 MH-20
D o L H , / e
H-16 3 /
< P N / Street B
> eet,q !
Sewer videos indicate \ /
groundwater infiltration in ’/- e P .
this area. Elevated TCE § Sy Elevated TCE groundwater
groundwater concentrations TCE groundwater “hot spots” are concentrations exist in this area.
exist near MH-12, MH-13, unlikely to intersect the sewer due \ Groundwater can infiltrate through
MH-14 and MH-15. to the depth of the groundwater cracks in the sewer. Sewer videos
table ’e'at'f’e to the sewer in this ‘ have confirmed infiltration into the A
area (see Fig. 1b). sewer west of MH-21. MH-21

\

AMeasured sanitary sewer gas VOC concentrations over 1 km

AAssessed spatial and temporal variability in sewer gas
concentrations.

ACompared different sampling techniques for sewer gases.
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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)

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

Real time Monitoring
(24 hours in two Manholes)

Yentanglement

TECHNOLOGIES, INC.

Cavity Ring-Down Spectroscopy
Cavity Output Vs. Time

M:lrror Mwiu
Laser ( )-()
_

Optical Cavity

Transmitied pewer (W)
E o

60 80
Time {s)

* Extremely sensitive optical detection technique that
enables measurement of absolute optical extinction by
samples absorb light.

Absorbance determined by measuring “Ring-down” time
Identify via wavelength scan
Ring-down time: light decays to 1/e of its initial intensity
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Passive sampling using TO-17
(1-week and 24 hours)

Tube ID Clip
A\ ¢
Y

Sampling Tube
Tube Cap e

Stainless steel tubes packed with Carbopack X
adsorbent

Hydrophobic, suitable for high-humidity
conditions

1000xMxd
C=—m——
Uxt
Analyzed by Beacon

Environmental, Inc.

Summa Canister
Sampling (TO-15)



3. Case Study. MEW Superfund Area

(Roghani et al. 2018)
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\' Groundwater Plume
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3. Case Study. MEW Superfund Area

(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)

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

A Overview 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.

A Considerations for Sewers



Conceptualize VOC Transport in Sewers

AConsider sewer structures (e.g. Drop structure or inverted siphon)
ATributaries can decrease and increase liquid (and/or gas) concentrations

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

Manhole A

—=RE,

I/

Elevated TCE concentration could be
because of drop structure effect.
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Consider VOC Discharges to Sewers

Varies State to State — and City to City

Currently, wastes entering floor drains may only be legally disposed of if the discharge
goes to the following: Chapter 2
Water and Wastewater Regulations
Indiana Small Business Guide
* Holding tanks, which are then pumped out with the wastewater and sludge to Environmental, Safety and Health Regulations
being hauled to an approved facility. Holding tanks should be located to allow
for easy access for cleaning and repair.

e POTWs with approval by the local sewer authority.

Dry Cleaners are an Important Source.

(but recall that this is just one source of VOCs in sewers, although important)

Background Dry Cleaners:
In Oregon, dry cleaners are prohibited from discharging Wastewater Management
any solvent-contaminated wastewater from the water
separation process of a dry cleaning machine to any
sanitary sewer, storm sewer, septic system, boiler, or m
state waters.

State of Oregon
This prohibition includes separator water from dry Department of
cleaning machines using Perchloroethylene (commonly Environmental
known as perc), petroleum, synthetic hydrocarbons, Quality
silicon-based solvent and all other types of dry cleaning
solvent.
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Training,

—_——

— == . : Regulatory Self Licensing, Q

-— ' |N.gO_V ? Indiana Department of Environmental Management Updates Disclosures L Contact
Certifications SEARCH

Online Services v | Want To » FAQs v Find an Agency Gov. Eric J. Holcomb

A Compliance and Technical Assistance » Guidance for Industry Sectors

D ryC | e a n e rS > Drycleaners

Best Management Practices for Dry-cleaning Facilities
Reduce the risk of ground and groundwater contamination

e Maintain the integrity of all equipment. Ensure that all equipment is up-to-date.

o Seal floor drains and use solvent-resistant floor coatings in areas where spills are most likely to
occur. Perchloroethylene (Perc, also known as Tetrachloroethylene) can easily pass through
concrete.

e Consider alternatives to the discharge of Perc-containing material to the sanitary sewer. Many
sanitary sewers crack, break, or misalign over time, increasing the chance of a leak to the
environment.
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International Perspective from Denmark

S aaSegSNI AFa LIXreéea | YlF22N

[’ role in vapor intrusion at
/" 20% of contaminated OlryS\NIRAS, Allerod, Den.mark (.near
L 0t SEYSNI AR &onpenhagen—Captial Region)
4 . were the first to formally report a
sewer gas pathway at a vapor

intrusion site (Riis et al 2010).

L e A | -Nielsen andHvideberg 201
DR \

Central
Denmark

Regioa Capital Region

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




International Perspective from Denmark

Nielsen and Hvidberg (2017)
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DOD Report — McHugh And Beckley

Higher Risk Scenarios

A: Sewer Intersects Contaminated Groundwater

Lower Risk Scenario

Sewer in Vadose Zone above Plume

Summa Canister
or other sample container

Figure 5-1. Vapor Sample Collection from Sewer

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

Entry of VOCs into Sewer or Utility Tunnel: Contaminated groundwater commonly enters a sewer
line or utility line through cracks or unsealed joints present in the area where the line passes
through the contaminant plume or source area. The infiltration of contaminated groundwater can
be reduced or eliminated by installing a plastic liner in the sewer line and manholes within the
plume area. Replacement of damaged sewer lines can also be done. Alternatively, sewer lines can
be re-routed to avoid the contaminated area.

Ventilation of the Sewer Main or Utility Tunnel: VOC migration from sewers and utility tunnels
mto buildings can be controlled by negative pressure ventilation of the sewer line. Within the
depressurization zone, this will draw vapors from the sewer to the ventilation points allowing for
treatment and/or discharge to the atmosphere.

Migration of VOCs from the Sewer into the Building: For some buildings, repair or proper
maintenance of the building plumbing (e.g., adding water to a dry p-trap) may be sufficient to
prevent VOC migration from the sewer into the building. Alternatively, a check valve (for both
liquids and gas) can be installed within the sewer line. A liquid and gas check value allows the
flow of liquid down the sewer line but prevents the flow of either liquids or gas upwards. This type
of check valve can be installed in the sewer lateral to protect an individual building or within a
sewer main line (upstream of the VOC source) to protect all structures upstream of the check valve.
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