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Vapor Intrusion and Models

A Series of articles in the Denver Post in 2000

I The vapor intrusion model (Johnson-Ettinger) over-predicted
Indoor air concentrations sometimes and under-predicted
Indoor air concentrations sometimes

I Modelused with i d e f aaod veérsf@w site specific values
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Limits to Predictibility: Dar cy 0 s

A Darcy flux g = -K dh/dl
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Material Value (m/d)
Gravel 102 to 104
Sand 101 to 108
Clay 10-8to 102
Sandstone | 10°to 10
Basalt 106 to 102

L



Limits to Predictability

A Note the work of N. Oreskes on ideal
applications for models:

I Weather forecasting
A Forecast given and received with uncertainties

A Oreskes, Naomi, 2003, The role of quantitative models in science,
in Models in Ecosystem Science, C.D. Canham and W.K.
Lauenroth, eds. Princeton University Press, 13-31
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PVIScreen rests on a foundation of field data:

% Benzene: Soil Vapor & Dissolved Paired Measurements

Near-Slab & Sub-Slab

All Soil Types
10
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Benzene, dissolved, ug/L

Thickness Clean Soil Required to Attenuate Benzene Vapors, feet
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*
*

Robin V. Davis, 2009, Update on Recent Studies and Proposed
9/13/2018 Screening Criteria for the Vapor-Intrusion Pathway, LUSTLine Bulletin
61, pp 11-14.



Petroleum Vapor Intrusion and biodegradation:

Land Surface _
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Table 3. Recommended Vertical Separation Distance Between Contamination And Building
Basement Floor, Foundation, Or Crawlspace Surface.

Vertical
Media Benzene TPH Separation
Distance (feet)*
< 100 (unweathered gasoline), or
=10 . . b
Soil < 250 (weathered gasoline, diesel)
m
(mg/Kg) 510 (LNAPL) > 100 (unweathered gasoline) 15
>250 (weathered gasoline, diesel)
=5 <30 6
Groundwater
(mg/L)
>5 (LNAPL) >30 (LNAPL) 15

Consider PVIScreen usage in marginal cases as a second line of evidence
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Site assessment flow
chart from OUST guide
on PVI

Model Use:

ANOT without mitigating
immediate threats
ANOT without site
characterization

AAs a line of evidence
for related to
determination of
vertical separation
distance*
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For any confirmed or
suspected release,
START HERE:

vapors pose an \ nNO
immediate threat >
to safety of
building
occupants?

Conduct an adequate
site characterization
and construct a
Conceptual Site
Model (CSM)
(including all factors
that may affect the
vapor intrusion
pathway—see Special
Considerations,
Section1)

(a) Alert first
responders &
assess potential
threat of fire

N

pathways connect
vapor source and

and/or explosion
(b) Mitigate threats as
appropriate

Community Engagement

Federal regulations under 40 CFR 280.67
require implementing agencies to provide
notice to those members of the public who
are directly affected by a release from a UST
and the planned corrective action if such a
release requires a corrective action plan.
Implementing agencies are advised to tailor
community engagement activities based on
site-specific circumstances.

Evaluate vapor
source(s) and

mitigate PVl as
appropriate

Delineate a
Lateral
present, do
preferential

building?

pathway)

Inclusion Zone
(including all
factors that

may affect the

vapor intrusion

YES

Evaluate vaporsource* and
attenuation of PHC vapors by
either:

and deep (near source) soil
gas, or

N

Such activities

may occur at any point(s) in the assessment
and mitigation process. It is recognized that
earlier and more frequent communication

yields positive results.

Potential threa
of PVl indicated by
indoor air & sub-

v

paired with sub-slab soil gas
samples
*If contamination isin direct
contact with a building, EPA

(1) Measuring PHCs in near-slab

(2) Collectingindoor air samples

recommends indoor airsampling.

slabsoilgas
sampling?

potential threat
of PVl indicated by
near-slab & deep
(source) soil gas

Are any
existing or planned
buildings within the
lateral inclusion

NO

Determine Vertic* !
Separation Distances for I
each building (includingall
|

|

factors that may affect the
vapor intrusion pathway)

Isthe
thickness of
clean, biologically active W/ ES
soil greater than the
minimum vertical
separation
distance?

A4

¢ PVlnot

likely to be

A 4

a concern
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PVIScreen

A PVIScreen includes:

BioVapor equations, recoded in Java for speed

Automated Monte Carlo uncertainty analysis
A the native way the code is used

' Soll gas or ground water source

|
I Comparison to screening levels
.

|

Flexible and customizable unit choices

" Automated Report

A Primary focus:

To add line of evidence for site assessment and
closure decisions

To make uncertainty analysis practical by giving a
prediction and estimate of its uncertainty
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PVIScreen Sources: Soil Gas or GW Data

s P S
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Bottom of Building to Sample Bottom of Building to Sample
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: Zone of Soil Gas Contaminatiol v ¥
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Example inputs: constants or ranges

W EPA PVIScreen

B Select File | | View/Edit Input | | View Schematic | | Prepareto Run | Run PVIScreen  Resulis Write R
Previous Results

Existing Input file named: LUSTLineRestaurantExample.pvi

Identification & Options | Building & Foundation | Vadose Zone | Chemicals | Screening Levels | Suggested Values

dirt floor no hd

Constant = | one value Width 60,00 ft -
Constant - | one value Length 80.00 ft -
Constant = | one value CeilingHeight 5.000 ft -
Constant = | one value FoundationDepthBelowGrade £.000 in -
Unifarm * | min FoundationThickness &.000 in -

max FoundaticnThickness 6.000 cm -
Uniform ~ | min CrackWidth 0.5000 mm -

max CrackWidth 5.000 mim -
Uniform * | min AirExchangsRate 3.000 1/hr -

max BirExchangeRate 10.00 1/hr -

Insert air exchange rate ranges: Full High {Drafty) Moderate Low (Tight)
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Factors controlling biodegradation are uncertain, variable
Adydrocarbon degradation rates vary by factor of 100
Adow does this impact PVI?

1E-02 5

TE034 — T T T T e e e e
3 No Biodegradation

1E-04 |

1.E-05 |

] A=0.079 b
1.E-06 3 o\

1607 ]

Attenuation Factor

1608 ] \
1.E-09 | \

1.E'11 - T I T I :IIII' I 'I"' I T I T I T I T I T I T I T
0 1 2 3 4 5 6 7 & 9 10 1

9/13/2018 Vapor Source Depth below Foundation (m)



Inputs of multiple constituents
Aall oxygen should NOT go to degrade only benzene,
Anclude TPH or petroleum fractions

[N EPA PVIScreen

@ BustingInput | gejectFile | | View/EditInput | | View Schematic | Prepare to Run About
Previous Results

Existing Input file named: LUSTLineRestaurantExample.pvi

Identification & Options | Building & Foundation | Vadose Zone | Chemicals | Screening Levels | Suggested Values

Add or Remove Chemical * || Add/Remaove
Constant ¥ | onevalue benzene HRirPhaseConcentration 1.600 ug/m3
Constant * | one value toluene HRirPhaseConcentration 10.00 ug/m3
Constant * | one value ethylbenzene HRirPhaseConcentration 2.200 ug/m3
Constant * | one value wylenes RirPhaseConcentration 41.00 ug/m3
Constant * | onevalue naphthalens AirPhaseConcentration 2350 ug/m3
Constant * | onevalue MTEE AirPhaseConcentration 1.300 ug/m3
Constant * | onevalue TPH-GRO HAirPhaseConcentration 210.0 ug/m3
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Input of Screening Levels:

LK EPA PVIScreen

® BastingInput | galact File | | View/Edit Input | | View Schematic | Prepare fo Run
Previous Results

Existing Input file named: LUSTLineRestaurantExample. pvi
Identification & Options | Building & Foundation | Vadose Zone | Chemicals | Scresning Levels | Suggested Values

benzene 0.5000 mg/cm3 b
toluene 7310.0 ma/cm3 hd
ethylbenzens 1480.0 mg/cm3 >
uylenes 148.0 mg/cm3 b
naphthalens 4,390 mg/cm3 hd
MTEBE 4380.0 mg/cm3 b
TPH-GRO 307.0 mag/cm3 b

State-specific or EPA RSL

https://www.epa.gov/risk/regional-screening-levels-rsls-generic-
tables
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Suggested Values

N EPA PVIScreen

@ Existing Input
Previous Results

Existing Input file named: SampleGroundWaterlnput-Commercial pvi
Identification & Options | Building & Foundation | Vadose Zone | Chemicals | Screening Levels || Suggested Values

Select File View/Edit Input ‘iew Schematic Prepare to Run Run PVIScreen Results Write Rep

Air Flow and Oxygen | Concentration Adjustment | Model Control

Unifarm * | min Qsoil 1.000 L/m b

max Qsoil 10,00 Lim -
Constant * | one value SoilRespirationRate 1.650 mafa-d -
Constant = | one value DiffusionInAir 0.1750 cm2fs &
Constant = | one value DiffusionInWater 1.7E-5 cm2fs &
Constant = | one value SurfaceConcentration 285000.0 ma/m3 -
Constant = | one value MinimumBiodegradationConcentration 13800.0 ma/m3 -
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1.0
frequency A constant =
0.0
parameter value
1.0
Uniform
distribution:
frequency min, max 1.0
0.0 Inputs
parameter value Results  frequency
b ]
1.0 0.0
Data-driven
frequency empirical distribution Results: indoor air
concentration
0.0
parameter value
1.0 All other inputs,
1.d Other distributions car
10 be used:
Triangular, truncated_J
normal
0'% 0 / / Log normal
0.0 A
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Soil gas input data example from a site in Utah:

Site Map
Groundwater Contour and
Petroleum Contamination

Distribution

Leaking Underground
Storage Tank Site
Murray, Utah
January 2015

Hillcrat
Investment Co.

0.897 B 2 G North

\l;l! # L
0.0683 92.56 f 24

MW.1s

92.34

70.0397 Off Sits Restamant . 4 e

L 006

5400 South
LEGEND
Line of Cross-Section @ VaporMonitoring Point =.- Sanitary Sewer
A o £ _Natural Gas Scale, feet
1 ~—Groundwater Elevation y
<~ GroundwaterFlow Direction Contour,feet ~ ===— WaterlLine
Groundwater Monitoring Well subsurface Soil Contamination _:o,, StormDrain
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=% - Electrical Line
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Impacts to Off-Site Restaurant? PVIScreen
0drivend by soil gas dat a
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B " EPA PVIScreen

@ Existing Input
Previous Results

Select File

View/Edit Input

View Schematic

=xisting Input file named: LUSTLineRestaurantExample.pvi

oo
T
I

Prepare to Run Run PV

Identification & Options | Building & Foundation | Vadose Zone || Chemicals | Screening Levels | Suggested Values

Add or Remowve Chemical

Constant
Constant
Constant
Constant
Constant
Constant

Constant

-

cne value
one value
one value
one value
one value
cne value

one value
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benzene
toluene
ethylbenzene
xylenes
naphthalens
MTEE

TPH-GRO

Add/Remove

AirPhaseConcentration
AirPhaseConcentration
AirPhaseConcentration
AirPhaseConcentration
AirPhaseConcentration
AirPhaseConcentration

AirPhaseConcentration

1.600
10.00
2.200
41.00
2.850
1.800

2100

About

ug,/m3
ug/m3
ug/m3
ug/m3
ug,/m3
ug,/m3

ug/m3

Exit



Results: PVIScreen model runs indicate no impact

B EPA PVI5creen

e E“iSt_i”Q ';P“tl Selact File View/Edit Input | | View Schematic Prepare to Run Run PVIScreen Results Write Report | | About Exit
revious Results

Statistics results plotted for C:\Users\Jimworkspace\PVIScreen\projectsiexamples\LUSTLineRestaurantExample. pvi

benzene || toluene | ethylbenzene | xylenes | Maphthalene | MTBE | TPH-GRO

PVIScreen Result for TPH-GRO indoor air concentration TPH-GRO risks/hazards

12
0.0 % Exceed the Screening Level of 207 ug/m3

11
L( “L" indicates screening level
|
!

1.0 Maximum 4.07E-4 ug/m3

-_—
~ 95th Percentile 1.06E-5 ug/m3
' Third Quartile 3.29E-10 ug,/m3
0.3

=
|

First Quartile 4.18E-44 ug/m3
5th Percentile 7.9E-102 ug/m3

Frequency
=)
[=]]

Minimum 0.0 ug/m3

as
Averaged-Parameter Result: 1.8E-38 ug/m3
04
(which is exceeded by 70.48 % of simulaticns)
0.3
0.2
04
0.0

-55 -50 -45 <40 -35 -30 -25 20 -5 -10 -05 00 0.5 1.0 15 2.0 25 3.0
Log Indoor Air Concentration (Log10 ug/m3)
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Example with impact indicated:
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