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Mitigation of the Exposure PathwayMitigation of the Exposure PathwayMitigation of the Exposure PathwayMitigation of the Exposure Pathway

Delineating the Mitigation AreaDelineating the Mitigation Area

Verifying the Efficacy of the Mitigation   Verifying the Efficacy of the Mitigation   
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Delineating the Mitigation Delineating the Mitigation 
AreaAreaAreaArea



The VI Exposure Pathway isThe VI Exposure Pathway isThe VI Exposure Pathway is The VI Exposure Pathway is 
ComplexComplex

R li bl P di ti i Diffi ltR li bl P di ti i Diffi ltReliable Prediction is DifficultReliable Prediction is Difficult

Temporal VariabilityTemporal Variability
Spatial VariabilitySpatial Variability

Structure VariabilityStructure VariabilityStructure VariabilityStructure Variability
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Upstate NY Glacial Outwash ValleyUpstate NY Glacial Outwash ValleyUpstate NY Glacial Outwash ValleyUpstate NY Glacial Outwash Valley
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Source Characteristics:

Source medium Sourc
e

Groundwa
ter

G d t  t ti (ug/ Cmedi 13

Site Specific 
Inputs

Groundwater concentration (ug/
L)

Cmedi
um 13

Depth below grade to water table (m) Ls 4.64
Average groundwater temperature (oC) Ts 15 15

C l  S   ( /Calc: Source vapor 
concentration

(ug/
m3) Cs 3434

Chemical:

Chemical Name Chem Trichloroet
hylene

CAS No. CAS 79016

Toxicity Factors

Unit risk factor (ug/
m3)-1 URF 1.10E-04 1.10E-04

Reference 
concentration

(ug/
m3) RfC 4.00E+01 4.00E+01

Building 
Characteristic
s:s:

Building setting Bldg_S
etting Residential Residential

Foundation type Found
_Type

Basement 
w/ slab

Basement 
w/ slab

D th b l  d  t  
Site Specific 
I tDepth below grade to 

base of foundation (m) Lb 2.00 2.00

Foundation thickness (m) Lf 0.10 0.10

Fraction of foundation 
area with cracks (-) eta 1.00E-03 1.00E-03

Inputs

EPA J&E 2006 
BETA



Site Specific
Outputs

Source to Indoor Air Attenuation Factor

Outputs

Ground water to indoor air Ground water to indoor air 
attenuation coefficientattenuation coefficient ((--) ) alphaalpha 5.97E5.97E

--0404

Predicted Indoor Air ConcentrationPredicted Indoor Air Concentration
Indoor air concentration due to Indoor air concentration due to 
vapor intrusionvapor intrusion

(ug/m3)(ug/m3) CiaCia 2.05E2.05E
+00+00

EPA J&E 2006EPA J&E 2006 
BETA



STRUCTURE SAMPLESSTRUCTURE SAMPLESSTRUCTURE SAMPLESSTRUCTURE SAMPLES

Think in Terms of a Patchy Fog,Think in Terms of a Patchy Fog,
Not a Uniform BlanketNot a Uniform BlanketNot a Uniform BlanketNot a Uniform Blanket



Indoor Air vs Sub-Slab ConcentrationIndoor Air vs Sub Slab Concentration
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Indoor Air vs Groundwater Vapor Concentration
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Vapor Intrusion 

or
What’s IN 
Neighboring 
Homes?

Indoor Source ?
Homes?



Post-Mitigation
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SUBSUB SLAB SAMPLESSLAB SAMPLESSUBSUB--SLAB SAMPLESSLAB SAMPLES

IS ONE ENOUGH ?IS ONE ENOUGH ?

ARE THREE TOO MANY ?ARE THREE TOO MANY ?ARE THREE TOO MANY ?ARE THREE TOO MANY ?

WHAT IS THE ALPHA?WHAT IS THE ALPHA?



SERUTANSERUTAN

Subslab ∝
4.2 / 1000 = .0042

          4.2 / 120   = .035
          4.2 / 39     =  0.11

4.2

120 1000 39

Variable Sub-Slab VOC Concentrations





Bottom LineBottom LineBottom LineBottom Line

The J&E (and default assumptions) gets The J&E (and default assumptions) gets 
you in the ballpark, but  it doesn’t you in the ballpark, but  it doesn’t y p ,y p ,
accurately portray what you might see at accurately portray what you might see at 
any given structure.any given structure.y gy g

The database illustrates the range ofThe database illustrates the range ofThe database illustrates the range of The database illustrates the range of 
variability that you will need to address variability that you will need to address 
when making risk management decisionswhen making risk management decisionswhen making risk management decisions.when making risk management decisions.



If you think that those data are noisy, If you think that those data are noisy, 
check this out!check this out!check this out!check this out!





Putting It All TogetherPutting It All Together
Using Multiple Lines of Evidence toUsing Multiple Lines of Evidence toUsing Multiple Lines of Evidence to Using Multiple Lines of Evidence to 

Manage VI RisksManage VI Risks









Now That You’ve Identified Which Now That You’ve Identified Which 
Structures to MitigateStructures to MitigateStructures to Mitigate,  Structures to Mitigate,  

How Do You Do It?How Do You Do It?



Mitigation objective

To minimize exposures associated 
with soil vapor intrusion



Methods of mitigation

Most effective mitigation methods Most effective mitigation methods 
involveinvolve

sealingsealing

actively manipulating pressure differential actively manipulating pressure differential actively manipulating pressure differential actively manipulating pressure differential 
between building’s interior and exteriorbetween building’s interior and exterior

Appropriate method depends on Appropriate method depends on Appropriate method depends on Appropriate method depends on 
building designbuilding design

full basement or slabfull basement or slab onon gradegradefull basement or slabfull basement or slab--onon--gradegrade

crawlspacecrawlspace

earthen floorearthen floor

multiple foundation typesmultiple foundation types



Basement slab or slab-on-grade 
foundationfoundation

• sub-slab depressurization system 
(SSD)(SSD)

+ sealing

f h b bl• if shown to be not practicable,

• HVAC modification

• SVE system

th• other



Crawlspace foundation

• sub-membrane depressurization 
systemy

(SMD) + sealing

• if shown to be not practicable• if shown to be not practicable,

• HVAC modification

• crawlspace ventilation + 
sealing

• SVE system

• other• other



Basement with dirt floor

• new slab + SSD system — Preferred

• SMD system + vapor retardery p

Multiple foundation typesMultiple foundation types

• combination of the methods        
discusseddiscussed



Example:  SSD system -- Basement





Example:  SSD system -- Basement



T i l Miti ti C t f HT i l Miti ti C t f HTypical Mitigation Costs for HomesTypical Mitigation Costs for Homes

$1600 $1600 -- $2500     Simple SSD$2500     Simple SSD

> $25,000> $25,000 Complex CaseComplex Case

















Verifying the EfficacyVerifying the Efficacyy g yy g y
of the Mitigation Systemsof the Mitigation Systems

Physical MeasurementsPhysical MeasurementsPhysical MeasurementsPhysical Measurements

Ch i l M tCh i l M tChemical MeasurementsChemical Measurements



Ph sical Meas ementsPh sical Meas ementsPhysical MeasurementsPhysical Measurements
Suction PointSuction Point –– Fan Operating ParametersFan Operating ParametersSuction Point Suction Point Fan Operating ParametersFan Operating Parameters

I d /S b t t P Diff ti lI d /S b t t P Diff ti lIndoor/Substructure Pressure DifferentialsIndoor/Substructure Pressure Differentials

Smoke Testing Smoke Testing –– Visual Confirmation of AirflowVisual Confirmation of Airflow

Backdraft TestBackdraft Test





Example:

Manometer 
and labeling



Example:  Communication testing
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Chemical Meas ementsChemical Meas ementsChemical MeasurementsChemical Measurements

PostPost--Ventilation VOC SamplingVentilation VOC SamplingPostPost--Ventilation VOC SamplingVentilation VOC Sampling
Pre & Post Mitigation RadonPre & Post Mitigation Radon





PreMit_Radon PostMit_Radon
6.6 1.4

22.5 0.3
4.8 1.6

8 2.5
0.4 0.6

11.5 0.6
4 4 1 34.4 1.3

13.9 1
8 2

7.4 2.8
10.7 9

TCE 8 1 4 9TCE           8.1                  4.9



Operation and MaintenanceOperation and MaintenanceOperation and MaintenanceOperation and Maintenance



OM&M Ke ComponentsOM&M Ke ComponentsOM&M Key ComponentsOM&M Key Components

Annual CommunicationAnnual Communication
Properties with SystemsProperties with SystemsProperties with SystemsProperties with Systems
Properties without SystemsProperties without Systems

Routine System ChecksRoutine System Checks
~ 18 months~ 18 months



OM&M Ke ComponentsOM&M Ke ComponentsOM&M Key ComponentsOM&M Key Components

Ensure ongoing system performance Ensure ongoing system performance 
through appropriate system checks and through appropriate system checks and 
maintenance maintenance 

annual communicationannual communication
system inspections ~18 monthssystem inspections ~18 months

Provide timely response when problems or Provide timely response when problems or 
complaints arise (800 phone number)complaints arise (800 phone number)p ( p )p ( p )



OM&M Ke ComponentsOM&M Ke ComponentsOM&M Key ComponentsOM&M Key Components

Track and respond to need for new Track and respond to need for new 
systems (vacant properties)systems (vacant properties)

Track and respond to need for system Track and respond to need for system 
modifications (structural changes)modifications (structural changes)modifications (structural changes)modifications (structural changes)



OM&M Ke ComponentsOM&M Ke ComponentsOM&M Key ComponentsOM&M Key Components

Track and respond to declines Track and respond to declines –– annual annual 
letter (or new owner) with system offerletter (or new owner) with system offer( ) y( ) y

Energy cost reimbursement programEnergy cost reimbursement programEnergy cost reimbursement programEnergy cost reimbursement program



Concl sionConcl sionConclusionConclusion

Vapor Intrusion Exposures Require a Vapor Intrusion Exposures Require a 
Comprehensive ApproachComprehensive Approachp ppp pp

IdentifyIdentify MitigateMitigateIdentifyIdentify MitigateMitigate
MaintainMaintain MonitorMonitor


