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Vapor Intrusion Issues
Seminar
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Vapor Intrusion Issues
Presentation Team - Introduction

• Steve Renninger EPA Region 5 OSC

• Kevin Turner EPA Region 5 OSC

S
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Course Objectives

• Course material is not EPA policy… lessons learned

• Material was prepared for OSCs (time critical component)

• Lessons learned from 5-10 vapor intrusion sites

• Present VOC and petroleum site examples

• Understand what screening levels are

• Discuss sample procedures and options

• Review Vapor Intrusion Guidance (EPA & ITRC)

K/S
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What is Vapor Intrusion?

Groundwater Contamination

Chemical Spill-TCE

Vapor Intrusion is a symptom of ignoring contaminated groundwater sites.
2000:  Not drinking contaminated groundwater…no further action 
2009:  ……but you may be breathing contaminated groundwater

Must Connect GW, SG, SS, IA

S

Definition: Vapor Intrusion is the migration of volatile 
chemicals from the subsurface to overlying buildings
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Vapor Intrusion Sites Across the U.S.
(Removal Program as of Feb 2009)
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Behr VOC Site
Dayton, Ohio

Vapor Intrusion Case Study

TCE Case Study, Lessons Learned, Sample SOPs, Screening Levels, Mitigation
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Vapor Intrusion Sites in Dayton, Ohio

2006:  Springfield St (TCE):  9 residential 
systems installed, source removed

2007-2008:  Behr Site (TCE):  200+ res
systems installed + 1 school.  350 sampled

2008:  Delphi Site (TCE/PCE/Chlor):  7 res 
systems installed.  30 sampled

2006:  East Troy Site (TCE/PCE):  16 res 
systems installed + 1 school.  80 sampled

Common Denominator in 4 Dayton area sites:
Shallow groundwater (<25’)
VOC groundwater contamination >200 ppb
Residential areas

11
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7 Charateristics of 
Vapor Intrusion in 
Southwest Ohio

• Shallow groundwater (<25’)

• Sand & Gravel Aquifer

• VOC or petroleum groundwater 
contamination

• VOCs in GW > 200ppb

• Residential area over 
groundwater plume

• 1940s factory complex…plant 
surrounded by houses

• Residential homes with 
basements (biggest variable)

(former Chrysler Plant
1940s-2001)

12
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What is Trichloroethylene (TCE)

• Man-made chemical, colorless liquid

• Used as a cleaner and degreaser

• Evaporates easily into the air

• Indoor air screening levels for TCE have been 
established by ATSDR and Ohio Department of 
Health (ODH)
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What are Screening Levels?

Chemical Spill-TCE

Screening levels provided by ODH and ATSDR.  For TCE (residential):
Sub-Slab Screening Level = 4 ppb
Indoor Air Screening Level = 0.4 ppb

*Commercial levels also provided
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2002 Human Health Risk Evaluation
• Prepared for Daimler Chrysler by Earth 

Tech in Aug 2002

• Chrysler operated facility from 1938-2001 
(auto parts production)

• TCE spill (SE) in mid 70s.

• Chrysler initiated groundwater pump & 
treat system in 2005

• Behr purchased facility in 2001, 
continued operations

• With respect to Vapor Intrusion, 2002 
report noted that TCE and PCE “are the 
main contributors to the risk at the site”

• “The residential indoor air inhalation 
risks are marginal…” (based on 
modeling)

• No record of residential sub-slab or 
indoor air samples in the report

3 red flags *15
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2003 Groundwater Monitoring

• Groundwater flow 
reported in SW 
direction

• Purple shaded 
areas = residential
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TCE Plume in 2003
Area of Vapor Intrusion Risk

2003 OEPA 
Groundwater Results
TCE MCL = 5 ppb
TCE Vapor Intrusion = >200ppb

Source Area =
20,000 ppb

Note:  Undefined Extent of Contamination (South)
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Vapor Intrusion

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE 
= 20,000 ppb
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MW033s TCE = 3,800 ppb

Vapor Intrusion > 200 ppb?

MW028s TCE = 3,900 ppb

MW038s TCE = 3,900 ppb

Groundwater Data
2003-2006

MW029s TCE = 16,000 ppb
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Vapor Intrusion

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppbGroundwater TCE 
= 20,000 ppb



21

Soil Gas Sampling
Results - Oct 24, 2006

7 Vapor Probes installed 
& sampled utilizing Geopobe

Location TCE (ppbv)
SG-01 120,000 
SG-02 70,000
SG-03 160,000
SG-04 140,000 
SG-05 13,000
SG-06 16,000 
SG-07 12,000     21
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Vapor Intrusion

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppb

Soil Gas TCE = 160,000 ppbv

Groundwater TCE 
= 20,000 ppb
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Request for Assistance

• Ohio EPA requested assistance from U.S. EPA on November 6, 2006

• Noted elevated levels of TCE present in soil gas and groundwater.  

• Evaluate potential for Vapor Intrusion into occupied structures.
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Sub-Slab Sampling

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppb

Soil Gas TCE = 160,000 ppb

Sub-Slab sampling 
conducted next.  TCE 
screening level = 4 ppb

Groundwater TCE 
= 20,000 ppb
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Access Form

• Request owner 
(and tenant) to sign 
access form prior 
to sampling

• Follow up meeting 
to be scheduled to 
discuss sample 
results
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Sub Slab Air Sampling

EPA sampled sub-slab air in 8 
residences in November 2006. 

24 hour sample collected 
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Location         TCE (ppb)

EPA-01 980
EPA-02           18,000
EPA-03 16,000
EPA-04 260
EPA-05 62,000
EPA-06 3,700  
EPA-07 49      
EPA-08 62,000

ATSDR & ODH Sub-Slab 
Screening Level = 4 ppb

EPA Sub-Slab 
Sample Results
November 2006

27
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Vapor Intrusion

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppb

Soil Gas TCE = 160,000 ppb

Sub-slab TCE = 62,000 ppb

Groundwater TCE 
= 20,000 ppb
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Indoor Air Sampling

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppb

Soil Gas TCE = 160,000 ppb

If Indoor Air TCE Sample 
>0.4 ppb, mitigation required

Sub-slab TCE = 62,000 ppb

Groundwater TCE 
= 20,000 ppb
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Pre-Sample Residential Checklist

Screen indoor air
prior to indoor air
sampling to identify
residential interferences

TAGA
ppb Rae

Remove paint cans, gas
cans, dry cleaning
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Location         TCE (ppb)

EPA-01 1.9     
EPA-02 180   
EPA-03 130
EPA-04 13
EPA-05 260
EPA-06 7.5
EPA-07 0.4
EPA-08 49

ATSDR & ODH Indoor Air 
Screening Level = 0.4 ppb
(requiring mitigation)

3 residences > Immediate
Action Level (100 ppb)

EPA Indoor Air 
Sample Results
November 2006

31
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Vapor Intrusion

Groundwater Contamination

TCE Chemical Spill

Groundwater TCE = 16,000 ppb

Soil Gas TCE = 160,000 ppb

Sub-slab TCE = 62,000 ppb

Indoor Air TCE = 260 ppb

ATSDR & ODH:
Completed 
Exposure
Pathway

Groundwater TCE 
= 20,000 ppb
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Consent Order Signed by EPA & Chrysler

Consent Order signed on Dec 19, 2006. 
(Note: PRP negotiations – ’02 Model vs ’06 samples)
(Note:  Cows?)

Work to be performed by Chrysler includes:

- Phase 1 : Residential sub-slab and indoor air 
sampling in 21 residences; 

- if necessary install interior vapor abatement 
systems in structures.

- Phase 2 includes an expanded Vapor Intrusion 
Investigation (south); 

- if necessary mitigation. 
- (Note:  Phase 2 Problem in 2007)

33
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Community Involvement
Public Meetings and Outreach

• Community Relations is critical to the public signing access agreements for 
sampling/mitigation. 

• Most folks do not understand Vapor Intrusion and must be educated on the subject.  

• “Breathing groundwater contamination” is like teaching a new language

OSC and CIC at a public meeting Ohio Dept of Health at a public meeting
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Ohio Department of Health Fact Sheets
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www.epaosc.net/behrvocplume

Web Site includes:

Reports
Photos
ODH Fact Sheets
Links to Articles
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Vapor Abatement Mitigation System
(Sub-Slab Depressurization System or SSDS)

SSDS = similar to radon system
SSDS = Path of least resistance
Radius of Influence?
Least amount of vacuum?
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Vapor Abatement System Installation
Extraction Pipe into Slab

Based on radius of influence testing, multiple extraction points may be necessary
Note: Looking for entire slab to be under vacuum

38
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Vapor Abatement System Installation
Outside Fan and Vent

Per local code, vent above highest window

39
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Vapor Abatement System Installation
Outside Fan and Vent

Fan installed with electric on/off switch
in a lockbox.  Key provided to owner.  
Electric cost = $75/year

VAS $ = average $1,500 installation
(aka SSDS)
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Vapor Abatement System Installation
Radius of Influence Testing

Radius of Influence testing = 96% 
success rate on initial installation at the 
Behr Site

Success = 30 & 90 day samples < IA 
screening level
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Vapor Abatement System Installation
Crawl Space Application
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Vapor Abatement System Installation
Dirt Basement (Test Case)
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Vapor Abatement System Installation
Dirt Basement

Plastic netting applied under concrete
to increase air flow to extraction pipe

Concrete creates impervious layer
44
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Highest vacuum achieved based on 
radius of influence testing

Vapor Abatement System Installation
Dirt Basement
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Vapor Abatement System Installation
U Tube Manometer on Extraction Pipe

1”- 2” vacuum applied to extraction point
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30 & 90 Day Performance Sampling

30 & 90 day sampling performed to confirm ATSDR screening levels
have been achieved.  180 day sampling completed HD per request.
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Vapor Abatement System Manual

Prior to installation, owners sign agreement
accepting system.  Owner agrees to provide
electricity ($75/year).  Following succesfull
performance sampling (30 & 90 days), 
system manual is sent to owner
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EPA Groundwater
Contour Map

Sept 2007

Note: 200 ppb contour

Bell vs “Tube”

49
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Phase 2 Area
Plume Dispute

Chrysler will continue
work in the blue shaded
area including:

Sub-Slab Sampling
Indoor Air Sampling
Mitigation

?

?

AOC Dispute

Phase 1

Phase 2

50
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Van Cleve 
Elementary
School

2007 EPA & Chrysler
Sub-Slab Results

EPA Sub-Slab sampled 
at 30 locations 

-additional work = S & W

51



52

2007 TCE 
Groundwater Plume
TCE Vapor Intrusion = >200 ppb

MW038S (2003) = 670 ppb
MW038S (2007) = 5,600 ppb

TW-6 (2003) = 200 ppb
TW-6 (2007) = 720 ppb
*undefined EOC

52
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Behr VOC Site 
Summary Map

Dec 2008

Chrysler area = blue

EPA area = yellow

350 locations sampled to date

210 residences mitigated to date

SVE system = Aug 2008

EPA Removal completion = Nov 2008

NPL listing = Sept 2008
53
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Behr VOC Site 
Summary Map w/ 

200 ppb GW 
contour

54
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Behr VOC 
Site 

SVE System

Chrysler encountered problems
mitigating original Daniel St &
Milburn Ave residences

55
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Location         TCE (ppb)

EPA-01 980
EPA-02           18,000
EPA-03 16,000
EPA-04 260
EPA-05 62,000
EPA-06 3,700  
EPA-07 49      
EPA-08 62,000

ATSDR & ODH Sub-Slab 
Screening Level = 4 ppb

EPA Sub-Slab 
Sample Results
November 2006

SVE SYSTEM

56
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SVE System – July 2008

57
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SVE System

Sampling in August – December 2008 
determined the SVE system is successful
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Some Behr Site Numbers…

• Highest indoor air TCE level = 460 ppbv (1,150 x IA)
• Highest sub-slab TCE level = 67,000 ppbv (1,675 x SS)

• EPA & Chrysler sampled 350 of 459 locations
– 75% granted sampling access (Access is critical)
– 51% of residences sampled > IA screening level 

• For residences requiring mitigation (>SS & >IA)
– Average TCE Indoor Air result = 16.1 ppbv (40 x IA)
– Average TCE Sub-Slab result = 3,758 ppbv (93 x SS)
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NCP Language
Actual vs Potential Threat

NCP:  “Actual or potential exposure to nearby human populations, animals,
or the food chain from hazardous substances or pollutants or contaminants”

Sub-Slab Sample > 
Screening Level = 
Potential Threat 
(ok in 2005)

Indoor Air Sample 
> Screening Level 
= Actual Threat 
(needed in 2007)
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Vapor Intrusion Sample Decision Matrix

1.  SS < Screening Level = NFA
(No Completed Pathway)

2.  SS & IA > Screening Level = 
Mitigate (Completed Pathway)

3. SS > Screening Level & 
IA < Screening Level = 

Quarterly Monitoring ($1,000 qtr x 3) vs
Mitigation ($1,500)
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EPA = Mitigation to protect public health
PRP = Mitigation admits liability for class action lawsuit
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Considerations for establishing 
Health-based decision levels

• Best if decision levels and actions to be taken are 
established prior to sampling

• Partner with health department

• Environmental Media
– Indoor air sampling

• Sampling duration, seasonality
• Impact of preferential pathways 
• Consider ambient and other indoor sources

– Subslab air sampling
• Attenuation factor

• Residential vs Commercial property

S
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Relationship of Health Issue to 
Decision Levels

Immediate
Fire and explosion
Asphyxiation, oxygen depletion

Long-term
Chronic health effects
Cancer

Short-term
Acute health effects
Intermediate health effects

Decision LevelHealth Issue

S
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Location         TCE (ppb)

EPA-01 1.9     
EPA-02 180   
EPA-03 130
EPA-04 13
EPA-05 260
EPA-06 7.5
EPA-07 0.4
EPA-08 49

ATSDR & ODH Indoor Air 
Screening Level = 0.4 ppb
(requiring mitigation)

3 residences > Immediate
Action Level (100 ppb)

EPA Indoor Air 
Sample Results
November 2006

S
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Resources for Health Information 
on Toxic Substances

• ATSDR
– Toxic Substances Portal
http://www.atsdr.cdc.gov/substances/
– ToxFAQ, ToxGuide, Public Health Statements

• State Health Departments

• EPA
– Integrated Risk Information System (IRIS)

S
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Table 5-1  - Proposed Comparison Values (CVs) 

Compound Indoor Air 
(µg/m3)(a) 

Sub-Slab Vapor 
(µg/m3) 

1,3-Butadiene 2 20 
n-Hexane 200 2,000 
Benzene - chronic 10 100 
Benzene – acute 29 290 
Methylcyclohexane 3,000 30,000 
Toluene 300 3,000 
Total Xylenes(b) 217 2170 
Total Trimethylbenzenes(b) 6 60 
Isopentane(c) 115 1,150 
n-Butane(c) 115 1,150 

 (a)  Indoor air CVs (ATSDR and IDPH, June 16,2006). 
(b)  CVs are for isomer totals. 
(c)  CVs are not health based.

K
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Non-Health Based screening levels

• Used as an ‘indicator’ chemical
– Signals the presence of multiple chemicals that 

have not been specifically analyzed or evaluated
– Allows for evaluation of potential health based 

effects of other chemicals when dilution of the 
sample is not technically possible

• Immediate health effects – fire and 
explosion hazards, oxygen depletion

K
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7211%NACARBON DIOXIDE

3.9%NAMETHANE

1.6%NAOXYGEN
6300000ug/m31150BUTANE
4200000ug/m31150ISOPENTANE

U40000ug/m360TRIMETHYLBENZENE
U35000ug/m34300XYLENE
U30000ug/m33000TOLUENE

51000ug/m330100METHYLCYCLOHEXANE

U26000ug/m3130BENZENE
330000ug/m32000HEXANE

U18000ug/m3201,3-BUTADIENE
Units

Comparison 
ValueCompound

5/2/2007Sample Date:

0Pressure Reading:

299 / 100000PID/FID Reading:

Sub-Slab Monitoring Port 1Sample Location:

24-Hour 6-Liter SummaSample Method: K
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Safety Issues

• Explosion or Fire Hazard
• Asphyxiation, Oxygen depletion

URGENT public health hazard
– Contingency plan
– Fire department involvement
– Relocation

K
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ATSDR/State and Local Health 
Department support to EPA

• Development of health based screening 
levels for vapor intrusion sites

• Evaluation of sampling data
• Respond to citizen’s health questions
• Provide health care provider education
• Support EPA at public meetings

K
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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SITE HYDROGEOLOGY & URBAN SITE HYDROGEOLOGY & URBAN 
FEATURESFEATURES

KEY TO DETERMINING IF VAPOR INTRUSION IS KEY TO DETERMINING IF VAPOR INTRUSION IS 
LIKELY.LIKELY.
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PERMANENT WELLSPERMANENT WELLS

Provide a consistent data point.Provide a consistent data point.
Repeat sampling events provide data for trend Repeat sampling events provide data for trend 
analysis.analysis.
Installation of pressure transducers with data Installation of pressure transducers with data 
loggers provide water level measurements for loggers provide water level measurements for 
ground water modeling.ground water modeling.
Wells must be maintained and eventually Wells must be maintained and eventually 
abandoned.abandoned.
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TEMPORARY WELLSTEMPORARY WELLS

Quickly installed by direct push method. Grab or Quickly installed by direct push method. Grab or 
vapor sample can be collected.vapor sample can be collected.
An efficient way to get a An efficient way to get a ‘‘snapshotsnapshot’’ of the ground of the ground 
water and possibly the vapor plume.water and possibly the vapor plume.
Temporary wells may help limit the number of Temporary wells may help limit the number of 
permanent wells thus saving money.permanent wells thus saving money.
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ANY SITE WITH VOCANY SITE WITH VOC’’S COULD BE A VAPOR S COULD BE A VAPOR 
INTRUSION SITEINTRUSION SITE

No site is the sameNo site is the same
There is no boiler plate for hydrogeological There is no boiler plate for hydrogeological 
implications on vapor intrusion sitesimplications on vapor intrusion sites
The hydrogeology of a site must be evaluated to The hydrogeology of a site must be evaluated to 
determine the likelihood of vapor intrusiondetermine the likelihood of vapor intrusion
DonDon’’t assume without adequate data; t assume without adequate data; 
otherwise,otherwise,……………….. .. 
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EPA Groundwater
Contour Map

Sept 2007

Note: 200 ppb contour

Bell vs “Tube”
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2007 TCE 
Groundwater Plume
TCE Vapor Intrusion = >200 ppb

MW038S (2003) = 670 ppb
MW038S (2007) = 5,600 ppb

TW-6 (2003) = 200 ppb
TW-6 (2007) = 720 ppb
*undefined EOC
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Behr VOC Site Behr VOC Site 
Summary Map w/ Summary Map w/ 

200 ppb GW 200 ppb GW 
contourcontour
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Hartford Hydrocarbon Site
North Hartford, Illinois

Vapor Intrusion Case Study
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Hartford Project Description

• 10+ million gallons of gasoline, diesel and unrefined 
products released from buried pipelines and from the 
surrounding refineries over a 40+ year period

• 211 homes and businesses located over a thick layer of 
refined products plume

• Protecting the Village of Hartford public drinking water 
supply

• Seasonal vapor intrusion into homes and business 
building structures
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Circa 1972
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Significant Field Actions and Studies

• Multiple Work Plan submittals
– Free Product, Dissolved, Vapors, Residuals,     

Pipeline corridors
• Pilot Test Studies

– Interim Measures
– Multi-Phase - Bio-slurp - Hi-Vac
– Soil Vapor Extraction (SVE)
– Skimming and pump testing
– Cone of Depression??
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Details of Interim Measures

• Conduct “Needs Assessment” of each 
structure

• Make a Sub-Slab Depressuration System 
or Ventilation Fan available to all

• Emergency Response and Contingency 
Plan programs
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Located in Alluvial Deposits
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ROST Investigation



92

92

ROST LNAPL Extent – Main Stratum
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SVE Design Approach
Vapor Occurrence – Shallow        Vapor Occurrence – Deep

93
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119 West Date

• Since 2004, a soil vapor extraction well had been located 
approximately 30 feet from the home.

• A needs assessment was completed at the home in July 
2004, and a mitigation package was installed as an 
interim measure.

• Sub-slab monitoring at the home began in June 2006, 
and the three sub-slab results between June 2006 and 
February 2007 were low and unremarkable. 
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May 2007 Event

• Hydrocarbon vapors were measured in routine 
quarterly sub-slab monitoring at the home in 
early May 2007:

– Isopentane was detected at levels as high as 
17,000,000 µg/m3 and hexane was detected at up to 
1,300,000 µg/m3.

– Sub-slab vapors were at 90% of the lower explosive 
limit on May 2, 2007 and they were “over range” on 
May 14, 2007.
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Hartford Hydrocarbon Site

- Several gasoline constituents were measured 
at high levels on the first floor of the home and the 
same compounds were measured at even higher 
levels in the basement.  For example, on May 14:

Isopentane ug/m3 Hexane ug/m3

1st Floor 2,500 280
Basement 13,000 1,600
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Hartford Hydrocarbon Site

• Mabel Edwards agreed to leave the home 
and stay with her daughter until her home 
was cleared for occupancy.  By late May 
2007, the levels of sub-slab and indoor 
hydrocarbon vapors at the home subsided. 
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Investigation

• Geoprobe test borings near the home showed that there 
was a comparatively thin layer of about 5 feet of clayey-
silts beneath the home, with more porous sandy layers 
above and below those less permeable soils.

• Groundwater levels rose a total of 3.56 feet during April 
and May 2007, with the most significant daily rises in 
groundwater levels occurring on April 28 and May 10.

• Vapor data showed that pressure build-up from the 
groundwater rise in the Main Sand stratum forced gases 
upward into shallower soil layers near the home.
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Conclusion

• Rapidly-rising groundwater levels in the area during late 
April and early May 2007 had forced hydrocarbons in the 
Main Sand stratum through a relatively thin layer of clays 
and silts beneath the home.

• The upward migration of vapors could not be controlled 
or captured by the existing Vapor Control System 
because the positive pressure exerted by the rising 
groundwater overwhelmed the negative pressure 
created by soil vapor extraction wells in the area.
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Hartford Hydrocarbon Site
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SVE Well
Locations
Dec 2008

103
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Hartford Hydrocarbon Site
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Evaluate Broader Than BTEX Contamination
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Direct-push sampling methods likely create the least vapor 
concentration disturbance since sampling can often be 
accomplished without removal of soil.  

Direct Push Probes
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Alternate ‘Sub Slab’ Implant 
Installation – Angle Drilling



110

110

Sampling Implant Installation
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Soil Vapor and Sub Slab Vapor 
Investigation

• Step-wise approach

Property 
Sampling

Sub Slab 
Sampling

Indoor Air 
Sampling
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Subslab Sampling Port
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Drilling Through Slab
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Placement and Cementing of the Probe
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Installing Inert Sample Collection Line
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Collecting an Indoor Air Sample 
using a SUMMA Canister
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Collecting an Ambient Air Sample 
Using a SUMMA Canister
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TAGA Pre-Screening
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Trace Atmospheric Gas Analyzer (TAGA) Mobile Laboratory 
120



121

121121

Gas Chromatograph with Concentrator for Volatiles
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Hey, did you want all of the sources removed???

What does your data tell you???
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K



124

www.epaosc.net/vaporintrusion

124
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Documents Section

Course Powerpoints
Fact Sheets
TCE Site Action Memo
Resident Result Letters
Access Forms
2002 EPA Vapor Intrusion Guidance
2007 ITRC Guidance
ERT Sub Slab Sample SOP

Additional letters (as requested)

125
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Vapor Intrusion Guidance 

2002 EPA Guidance 2007 ITRC Guidance

Interstate Technology & 
Regulatory Council (ITRC) 
is a state led coalition of 
environmental personnel 
from 46 states.

S
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EPA Vapor Intrusion Guidance - 2002 

Overview of Guidance:  Where to find answers, definitions, etc
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EPA Vapor Intrusion Guidance – 2002
Table of Contents
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EPA Vapor Intrusion Guidance – 2002
Introduction

Introduction:

It is a guidance document, not a regulation.  Presents current 
(2002) OSWER technical and policy recommendations.

The intent of the guidance is to provide a tool to help the user
conduct a screening evaluation as to whether or not the vapor 
intrusion exposure pathway is complete.
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EPA Vapor Intrusion Guidance – 2002
Explanation of Vapor Intrusion

Explanation of Vapor Intrusion:

Vapor Intrusion is migration of volatile chemicals from the 
subsurface to overlying buildings
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EPA Vapor Intrusion Guidance – 2002
Primary Screening

Tier 1 Primary Screening:

Does the site have characteristics of potential vapor 
intrusion?  

VOCs present in soil?
Inhabited buildings near subsurface VOC contamination?
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EPA Vapor Intrusion Guidance – 2002
Secondary Screening

Tier 2 Secondary Screening:

“Consider the evidence for vapor intrusion in sequential steps”

Groundwater data available?
Soil Gas data available?
Sub-Slab gas data available?
Indoor Air data available?

Note: Johnson-Ettinger Model (JEM) referenced.  JEM (1991) was
developed for use as a screening model based on a number of 
oversimplifying assumptions about contaminant distribution

S
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EPA Vapor Intrusion Guidance – 2002
Site Specific Screening

Tier 3 Site Specific Assessment:

Sub-Slab and Indoor Air Sampling

Do you have S-S & IA exceedances? (Completed pathway)

Section notes caution for Indoor Air interferences (paint, fuel, etc)
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EPA Vapor Intrusion Guidance – 2002
Appendix F

Appendix F Attenuation Factors:

Ratio of Indoor Air concentration to Soil Gas concentration @ 
shallow depth.  Generally 0.1 (1/10)

Example:
ATSDR Indoor Air Screening Level for TCE (Ohio) = 0.4 ppb
ATSDR Sub-Slab Screening Level for TCE (Ohio) = 4 ppb
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EPA Vapor Intrusion Guidance – 2002
Appendix H

Appendix H Community Involvement:

Communicating with the public (web sites, public meetings, 
mailings, etc)

Explaining indoor air results (Not drinking contaminated 
groundwater……but breathing contaminated groundwater)
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2007 ITRC Vapor Intrusion Documents 

Interstate Technology 
& Regulatory Council 
(ITRC) is a state led 
national coalition of 
environmental 
personnel from 46 
states.
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2007 ITRC Vapor Intrusion Documents
Conceptual Model

Note:  Hartford Site volumes of data
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2007 ITRC Vapor Intrusion Documents
Soil Gas & Soil Vapor

Soil Gas = gaseous elements between soil particles
Soil Vapor = gaseous elements in a structure

K
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2007 ITRC Vapor Intrusion Documents 
Preferential Pathways

Example preferential pathways:  underground utilities, sewers
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2007 ITRC Vapor Intrusion Documents
Screening Levels (Residential, Commercial, Standardizing?)

In Ohio, schools = residential screening levels

Standardize Screening Levels?
Minnesota = IA Screening Level for TCE (0.5 ppb)

Ohio = IA Screening Level for TCE (0.4 ppb)
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2007 ITRC Vapor Intrusion Documents
Mitigation

Is Mitigation Warranted?

NFA:  SS< SL & IA < SL

Mitigation:  SS > SL & IA > SL

Quarterly Monitoring:  SS> SL & IA < SL
Additional Monitoring $ vs Mitigation $?

S
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2007 ITRC Vapor Intrusion Documents
Chapter 4 Mitigation Options

Used @ Behr Site = +
Used @ Hartford = (-)

Used @ Behr Site = +

Used @ Behr Site = (-)
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2007 ITRC Vapor Intrusion Documents
Chapter 4 Mitigation Options (SDS)

Good Overview of SDS
Behr Site = $1,500 average install (TCE)
Hartford = $15,000 average install (Hydrocarbon)
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2007 ITRC Vapor Intrusion Documents
Appendix D - Tools

Good overview of SS sample procedure
Avoid utilities, water
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2007 ITRC Vapor Intrusion Documents
Appendix D - Tools

Good overview of Summa Canisters
Behr Site = $275/canister for TO-15 lab analytical costs
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http://www.brownfieldstsc.org
See New Publications

(EPA 542-R-08-001, 2008)

Good introduction to Vapor Intrusion
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HQ “Roadmap” for Vapor Intrusion

• EPA is drafting a ‘roadmap’ to existing guidance and the 
latest technical tools available:

• Use ITRC 2007 (v.1) to frame investigations (sampling)

• Evaluate data (make decisions) using regulatory 
guidance
– Also consider recent evidence:

• Vapor Intrusion Database (Observed Attenuation) 

– And improved theories (to help selecting buildings for indoor 
sampling)

• Johnson & Ettinger Model Updates
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Vapor Intrusion Guidance 
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Vapor Intrusion Issues – Agenda
Introduction Turner / Renninger

Behr VOC Site - Example Renninger

Health Issues Renninger / Turner

Groundwater Issues Renninger / Turner

Hartford Site – Example Turner

Sampling Procedures Renninger / Turner

Vapor Intrusion Toolbox Renninger

Vapor Intrusion Guidance Renninger / Turner

Questions/Discussion

S/K
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Vapor Intrusion Issues
Seminar

November 2, 2009
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Thank You
After viewing the links to additional resources, 

please complete our online feedback form.

Thank You

Links to Additional Resources

Feedback Form
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