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O
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O
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C
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B

oard

R
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M
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.
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4

Illinois
P

ollution
C

ontrol
B

oard
.0

-
‘
‘
j
,

100
W

est
R

andolph,
S

uite
11-500

‘

C
hicago,

Illinois
60601

S
ubject:

A
m

endm
ents

to
T

itIe3S
.S

ubtitle
G

.
C

hapter
I.S

ubchapter
f.

P
art

742:
-

T
iered

A
pproach

to
C

orrective
A

ction
O

bjectives
(TA

C
O

)
—

A
pril

29,
2012

D
ear

R
ichard:

Illinois
P

etroleum
C

ouncil
ap

p
reciates

the
opportunity

to
com

m
ent

on
the

proposed
am

en
d
m

en
ts

to
th

e
TA

C
O

guidance
related

to
vapor

intrusion.
A

lthough
the

proposed
updates

to
the

guidance
are

an
im

provem
ent

for
vapor

inhalation
risk

assessm
ent,

it
is

im
portant

for
the

B
oard

to
consider

som
e

very
recent

field
studies

on
petroleum

vapor
intrusion

th
at

are
currently

being
used

to
support

developm
ent

of
screening

criteria.
T

he
Illinois

P
etroleum

C
ouncil

and
our

m
em

ber
com

panies
are

w
illing

to
discuss

this
inform

ation
w

ith
the

Illinois
P

ollution
C

ontrol
B

oard
in

g
reater

detail,
ifthe

B
oard

so
desires.

P
lease

find
attach

ed
our

com
m

ents
and

recom
m

endations
for

your
consideration.

S
incerely,

D
an

E
ichholz

A
ssociate

D
irector

A
ttachm

ents



G
EN

ER
A

L
C

O
M

M
E

N
T

S:

A
lthough

several
are

still
draft,

it
is

im
portant

th
at

th
e

A
gency

consider
recen

t
field

stu
d
ies/d

ata
(see

R
eferences)

in

th
e

developm
ent

of
th

eir
proposed

guidance.
It is

an
ticip

ated
th

at
tw

o
of

th
e

key
studies

involving
analyses

of
soil-gas

d
atab

ases
(L

ahvis
et

al.,
2012

and
U

S
EPA

, 2012a)

D
D

L
ahvis

et
al.

U
S

EPA
(2012).pdf

(2012).pdf

w
ill

be
in

print
later

this
year

(hopefully,
in

th
e

next
few

m
onths).

T
he

inform
ation

contained
in

th
ese

studies
is

currently
being

used
to

su
p
p
o
rt

petroleum
vapor

intrusion
guidance

for
th

e
U

S
EPA

O
ffice

of
U

nderground
S

torage

T
anks

(see
attached),

D
PV

I_G
uidance_FIN

A
L

_06
142012. PD

F

CRC
C

are
A

ustralia
(new

effort)
(see

attached),

D
D

Initial
D

raft
PV

I
A

ppend[x
B

G
uidance

7
July

20l2D
eterrrination

of
Exci

and
ITRC

(http://w
w

w
.itrcw

eb.org/team
public

PV
I.asp).

T
he

w
ork

of
L

ahvis
et

al.
(2012)

has
also

been
used

to

underpin
recently

passed
petroleum

vapor
intrusion

guidance
in

C
alifornia
1

(h
ttp

://w
w

w
.w

aterb
o
ard

s.ca.g
o
v
/u

st/lt
cls

plcy.shtm
l)

including
adoption

of
a

bioattenuation
factor

of
1,000x

(see

attach
ed

):

D
C

al
L

ow
-T

hreat
C

losure
P

olicy.pdf

S
creening

criteria
should

not
be

based
on

m
odels

alone
(i.e., th

e
revised

Johnson
and

E
ttinger

m
odel)

th
at

are
not

w
ell

su
p
p
o
rted

w
ith

field
data

for
th

e
developm

ent
of

site
screening

criteria
for

petroleum
hydrocarbons.

I)
A

T
T

E
N

U
A

T
IO

N
FA

C
TO

R
S

U
se

o
f A

tten
u

atio
n

F
actors

fo
r

P
etroleum

H
ydrocarbon

V
apor

Intrusion
S

creening:

A
ttenuation

factors,
w

hile
perhaps

appropriate
for

non-reactive
V

O
C

s,
have

been
show

n
to

have
lim

ited
applicability

for
hydrocarbons

(reactive
V

O
C

5).
In

particular,
th

e
atten

u
atio

n
factor

has
been

show
n

in
m

odel
and

field
studies

to

vary
by

orders
of

m
agnitude

over
short-vertical

distances
in

th
e

u
n
satu

rated
zone

(A
breu

et
al.,

2009,
L

ahvis
et

al.,

1999)
at

locations
w

here
hydrocarbon

and
oxygen

(02)
concentrations

in
soil

gas
are

optim
al

for
biodegradation

(see

1
Itis

im
portantto

note
that the

exclusion
distance

criteria
defined

in
the

C
alifornia

L
ow

-T
hreat C

losure
G

uidance
w

ere
agreed

a

priori
by

a
group

of
stakeholders

in
advance

of
supporting

technical
(m

odel
and

field)
data.

T
he

technical
data

w
ere

later
used

to

justify
the

conservativeness
of

the
proposed

criteria.



attach
ed

figure
-

slightly
m

odified
for

illustrative
p

u
rp

o
ses

from
A

breu
et

al.,
2009).

A
erobic

reaction
fronts

develop
in

th
e

u
n
satu

rated
zone

because
aerobic

biodegradation
rates

are
rapid

(e.g.,
half-

lives
on

the
order

of
hours

or
days

—

A
breu

et
al.

(2009)
(slightly

m
odified)

C
onceptual

m
odel

of
constituent

profiles
ab

o
v
e

a
hydrocarbon

source

w
A

F—
O

ow

L
=

so
u

rce-recep
to

r
sharp

sep
aratio

n
d
istan

ce
reaction

front

A
F

-1

01
1

10
10)

Q
t
m

(
n

g
-I-L

=
2
m

t
A

=Q
79(t4)

R
ELA

TIV
E

SO
U

R
C

E
--L

=
5

m
A

=
O

7
9

(1
C

O
N

C
EN

TR
A

11O
N

—
5—

L
1O

nA
O

j5(T
h)

—
L

=
1

n
i
B

o
a
i

—
L

1
O

n
,N

)n
c
x
w

a
c
n

from
A

b
reu

et
al. (2009)

D
eV

aull,
2007)

and
essentially

instantaneous
relative

to
th

e
rates

of
physical

tran
sp

o
rt

(m
olecular

diffusion,
advection)

generally
associated

w
ith

vapor
intrusion

(D
avis

et
al.,

2009).
T

his
phenom

enon
is

also
observed

at
field

sites,
w

here

eith
er

the
atten

u
atio

n
is

lim
ited

or
atten

u
atio

n
is

co
m

p
lete

depending
on

w
hether

one
m

easures
below

or
above

the

reaction
zone.

T
his

behavior
is

conceptually
illustrated

in
the

figure
on

the
right.

T
he

position
of

the
aerobic

reaction
front

above
th

e
hydrocarbon

source
w

ill
be

dictated
by

th
e

balance
betw

een

m
etabolic

(biologically
driven)

02
dem

and
and

02
availability

in
subsurface.

T
he

m
etabolic

dem
and

for
0

is
largely

a

function
of

th
e

am
o
u
n
t

(source
m

ass)
and

com
position

of
hydrocarbons

p
resen

t
in

th
e

u
n
satu

rated
zone.

T
hese

factors
have

th
e

potential
to

vary
depending

on
th

e
source

type
(e.g.,

dissolved-phase
versus

LN
A

PL, gasoline
versus

diesel
or

crude
oil),

ex
ten

t
of

w
eathering,

and
surface

cover
(e.g.,

building
foundation,

pavem
ent)

or
presence

of

highly
satu

rated
or

organic
rich

soils
in

the
subsurface.

In
general,

reaction
fronts

w
ill

tend
to

develop
in

close

proxim
ity

(e.g.,
near

th
e

capillary
zone)

to
dissolved-phase

hydrocarbon
sources.

T
he

m
etabolic

dem
and

for
02

is

insufficient
in

such
cases

to
drive

conditions
in

th
e

u
n
satu

rated
zone

sufficiently
anaerobic.

T
he

reaction
fro

n
t

is

expected
to

occur
close

to
th

e
w

ater
table

even
w

hen
relatively

im
perm

eable
surface

covers
(e.g.,

building

foundations,
pavem

ent)
are

p
resen

t
at

land
surface

(A
breu

et
al.,

2009;
M

cH
ugh

et
al.,

2010).
G

eneral
experience

supports
this

behavior.
N

o
cases

of
vapor

intrusion
are

rep
o
rted

in
th

e
literature

from
dissolved-phase

petroleum

hydrocarbon
sources

sep
arated

vertically
from

building
foundations

(D
avis,

2009;
M

cH
ugh

et
al.,

2010).
T

he
aerobic

reaction
fro

n
t

w
ill

ten
d

to
develop

farth
er

above
or

laterally
from

LN
A

PL
sources

(R
oggem

ans
et

al.,
2001;

A
breu

et
al.,

2009)
as

a
result

of
higher

rates
of

diffusion
from

th
e

source
and

g
reater

m
etabolic

02
dem

and.
T

he
reaction

front

also
ten

d
s

to
develop

fu
rth

er
from

new
,

large
volum

e
gasoline

sources
than

from
w

eath
ered

,
sm

all-volum
e

diesel
or

crude
sources.

A
s

dem
and

for
02

increases,
so

too,
do

sensitivities
to

02
availability.

C
onsequently,

the
aerobic

reaction
fro

n
t

w
ould

ten
d

to
develop

closer
to

LN
A

PL
sources

at
sites

w
here

02
is

readily
available

for
biodegradation

(e.g.,
sites

w
here

th
e

land
surface

condition
is

open
to

the
atm

osphere)
than

sites
w

here
02

availability
is

lim
ited

by

th
e

presence
of

a
building

foundation
or

pavem
ent.

L
ow

er
threshold

02
concentrations

in
soil

gas
sufficient to

1
0

0
0

1



su
p
p
o
rt

aerobic
biodegradation

are
generally

rep
o

rted
by

D
eV

aull
(2007)

to
be

in
th

e
range

of
1

to
4

%
vol/vol.

T
he

aerobic
reaction

front
m

ay
never

develop
b
etw

een
th

e
source

and
building

foundation
at

sites
w

here
02

dem
and

exceeds
02

availability.
B

ased
on

docum
ented

o
ccu

rren
ces

of
petroleum

vapor
intrusion,

this
condition

w
ould

exist
at

sites
w

here
LN

A
PL

is
located

in
relatively

close
proxim

ity
(<

15
ft

or
“5

m
)

to
a

building
foundation,

and
at

term
inal,

pipeline,
and

m
anufacturing

sites
w

ith
large-volum

e
p
etro

leu
m

releases
in

the
subsurface

(M
cH

ugh
et

al.,
2010).

U
se

of
source-receptor

separation
distances

in
reg

u
lato

ry
site

screening
is

not
new

.
T

he
U

S
E

nvironm
ental

P
rotection

A
gency

(EPA
),

for
exam

ple,
has

proposed
a

so
u

rce-recep
to

r
separation

distance
of

100
ft

(30
m

)
(U

S
EPA

,
2002).

T
his

distance
is

based
on

th
e

fact
th

at
vapor

intrusion
could

not
be

docum
ented

at
residences

displaced
by>

100
ft

(30
m

)

laterally
from

th
e

interpolated
edge

of
a

chlorinated
hydrocarbon

ground-w
ater

plum
e.

T
he

100-ft
(30

m
)

screening

distance
w

as
subsequently

adopted
by

m
any

U
S

states
for

use
at

petroleum
hydrocarbon

vapor
intrusion

sites.
M

ore

recently,
som

e
state

(C
onnecticut

D
EP,

2003;
P

ennsylvania
D

EP,
2004;

N
ew

H
am

pshire
D

ES,
2006;

W
isconsin

D
N

R
,

2010,
C

alifornia
SW

R
B

C
,

2012;
M

ichigan
D

EG
.

2012;
N

ew
Jersey

D
EP,

2012)
and

federal
agencies

(A
tlantic

PIRI,2006;

A
STM

,
2010)

have
proposed

or
ad

o
p
ted

sh
o
rter

screen
in

g
distances

for
petroleum

hydrocarbons
ranging

from
5

to
30

ft
(3

to
“10

m
)

for
dissolved-phase

sources
and

from
3
0

to
100

ft
(“'10

to
30

m
)

for
LN

A
PL

sources.
T

hese
distance

criteria
can

only
be

applied
ifaerobic

conditions
in

th
e

u
n
satu

rated
zone

(e.g.,
02

concentrations
in

soil-gas
m

ust

exceed
2%

or
5%

volJvol)
and

the
absence

of
p
referen

tial
pathw

ays
for

vapor
m

igration
can

be
docum

ented.
O

f
note,

th
e

federal
and

state
screening

distances
cited

h
ere

have
been

developed
w

ith
lim

ited
consideration

of
field

data.

IM
PL

IC
A

T
IO

N
:

T
he

IEPA
is

cautioned
on

th
e

use
o

f
atten

u
atio

n
factors

to
support

th
e

d
ev

elo
p

m
en

t
of

screening

criteria
for

p
etro

leu
m

hydrocarbons
given

th
at

th
ey

h
av

e
lim

ited
applicability

for
reactive

V
O

C
s.

In
addition,

th
e

d
ev

elo
p
m

en
t

of
screening

criteria
should

also
co

n
sid

er
field

d
ata

and
not

sim
ply

a
vapor

tran
sp

o
rt

m
odel

(i.e.,th
e

revised
Johnson

and
E

ttinger
m

odel)
th

at
is

n
o
t

w
ell

v
alid

ated

w
ith

field
d

ata,
a)

L
N

A
PL

SO
U

R
C

E

U
N

SA
T

U
R

A
T

E
D

Z
O

N
E

sharp
/

...
reaction

II)
C

SM
D

ISC
U

SSIO
N

:
‘

high
m

ass
fro

n
t

T
he

risk
for

vapor
intrusion

is
fundam

entally
different

fo
r

LN
A

PL
—

—

(residual-
or

free-phase)
and

dissolved-phase
sources

(see
Figure

0
SA

T
U

R
A

T
E

O
Z

O
N

E
relativ

eso
il-g

as

1)
It

is
im

portant
th

at
strategies

for
site

screening
site

co
n
cen

tratio
n
s

characterization,
and

rem
ediation,

bear
this

out.
T

he
differences

-

in
vapor

intrusion
potential

for
th

ese
2

classes
of

sites
have

been

w
ell

docum
ented

in
m

odeling
and

field
(A

breu
et

al.,
2009;

D
avis,

b)
bIS

S
O

L
V

E
D

-P
H

A
S

E
SO

U
R

C
E

2009;
L

ahvis
et

al.
2012;

and
H

ers
et

al.,
2012).

I
U

N
SA

TU
R

A
TED

Z
O

N
E

T
he

potential
for

vapor
intrusion

is
distinctly

different
for

these
2

iim
t

m
ass

classes
of

sites
because

of
significant

differences
in

m
ass

flux
.
,

.
V

O
C

s
1

sharp
—

reaction

from
th

e
source

related
to:

fro
n

t
0

1

i)
source

strength:
S

ource
concentrations

are
typically

m
uch

SA
T

U
R

A
T

E
D

Z
O

N
E

higher
for

LN
A

PL
sources

than
for

dissolved-phase
sources.

H
igher

source
concentrations

w
ill

g
en

erate
higher

rates
of

F
ig

u
re

1.
D

ifferences
lfl th

e
m

ass
diffusion

(flux).
T

he
higher

m
ass

flux
w

ill
also

be
m

ore

sustained
o
v
ertim

e
because

LN
A

PL
sources

w
ill

contain
co

n
cep

tu
al

m
odel

for
v
ap

o
r

approxim
ately

500x
m

ore
co

n
stitu

en
t

m
ass

(e.g.,
benzene)

intrusion
from

a)
LN

A
PL

and
b)

com
pared

to
dissolved-phase

sources.
0
2

dem
and

and
the

d
isso

lv
ed

-p
h

ase
sources.

potential
for

encountering
lim

ited
(anaerobic)

biodegradation



conditions
are

also
unique

w
ith

respect
to

LN
A

PL
an

d
dissolved-phase

sources.
T

hese
differences

w
ill

affect
the

separation
distance

from
th

e
source

at
w

hich
hydrocarbon

and
02

concentrations
are

optim
al

for
rapid

biodegradation
(i.e.,

th
e

location
w

here
th

e
reactio

n
front

develops
above

th
e

source).

ii)
source

m
ass

distribution:
LN

A
PL

sources
w

ill
ten

d
to

distributed
above

the
capillary

zone
as

a
result

of
sm

earing

from
w

ater-table
fluctuations.

T
his

phenom
enon

w
ill

tend
to

en
h
an

ce
m

ass
flux

to
the

u
n
satu

rated
zone

because

of
direct

partitioning
b
etw

een
LN

A
PL

(residual)
and

vapor
phases.

C
onversely,the

m
ass

flux
w

ill
be

m
ore

lim
ited

for
dissolved-phase

sources
because

the
source

is
d
istrib

u
ted

below
th

e
capillary

zone
w

hich
serves

as
a

barrier
to

vapor
transport.

V
apor

diffusion
from

th
e

source
is

lim
ited

by
low

effective
air-phase

porosity
(L

e.,
high

m
oisture

saturation)
and

biodegradation
in

the
capillary

zone.
T

he
lim

itation
of

the
capillary

zone
on

hydrocarbon
vapor

tran
sp

o
rt

is
w

ell
recognized

(M
cC

arthy
and

Johnson,
1993).

IM
PLIC

A
TIO

N
:

T
he

v
ap

o
r

intrusion
risk

posed
by

d
isso

lv
ed

-p
h
ase

an
d

LN
A

PL
hydrocarbon

sources
are

uniquely

d
ifferen

t.
T

hese
differences

w
ill

greatly
affect

strateg
ies

for
site

screening
and

site
characterization.

S
ource-R

eceptor
S

eparation
D

istances:
D

issolved
vs.

LN
A

PL
sources

B
ioattenuation

is
likely

to
be

signficant
at

all
dissolved-phase

sites
(L

ahvis
et

al.,
2012;

D
avis,

2012;
H

ers
et

al,

2012;
P

eargin
and

K
ohlhatkar,

2012;
W

right,
2012),

even
for

dissolved-phase
benzene

concentrations
up

to
15

m
g
/I

(see
Figure

2).
G

roundw
ater

w
ould

essentially
have

to
be

in
contact

w
ith

th
e

building
foundation

for
th

ere
to

be
a

potential
for

vapor
intrusion.

In
such

cases,
it m

ay
be

practical
to

establish
a

1
m

(3
ft)

buffer
distance

to

account for
uncertainty

in
th

e
source

depth
(w

ater-tab
le

elevation).
O

f
note,

th
e

m
axim

um
benzene

1
S

r.,
1

0
0

0
0

0

—
—

-1
0

0
0

0
I_

rn

-.1
<

—
m

z
.

1000
0
,,

L
U

0
100

—
I_

>
0

z
o

L
L

I
10

o
r

F
igure

2.
P

lotof
benzene

co
n
cen

tratio
n
s

in
soil

gas
versus

distance
above

a
dissolved-phase

hydrocarbon
source.

N
on-detect

values
are

plotted
at

th
e

reporting
lim

it.
T

he
plot

includes
261

soil-gas

m
easu

rem
en

ts
collected

at
47

U
ST

sites
and

128
sam

ple
locations.

T
he

cum
ulative

fraction
of

all
(detect

and
n
o
n
-d

etect)
benzene

soil-gas
concentrations

is
noted

on
th

e
right

vertical
axis.

T
he

histogram
inset

show
s

th
e

corresponding
distribution

of
m

easu
red

benzene
co

n
cen

tratio
n

s
in

ground
w

ater.
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concentrations
in

soil
gas

observed
above

dissolved-phase
hydrocarbon

sources
containing

benzene
<

15
m

g/L
are

w
ell

less
than

th
e

370
tg

/m
3

screening
level

p
ro

p
o

sed
in

the
vapor

intrusion
guidance

(A
ppendix

B, T
able

H
)

(see

attach
ed

figure
from

C
alifornia

S
tate

W
ater

R
esources

C
ontrol

B
oard,

2012).

T
he

field
studies

show
a

larger
source-separation

d
istan

ce
(8

—
30

ft)
is

needed
to

atten
u

ate
vapors

below
levels

of

potential
concern

above
LN

A
PL

sources.
T

he
so

u
rce-sep

aratio
n

distance
has

also
been

show
n

to
depend

on
source

size
(i.e.,

U
ST

vs.
non

U
ST

site).
For

exam
ple,

L
ahvis

et
at.

(2012),
H

ers
et

at.
(2012),

P
eargin

and
K

ohlhatkar
(2011)

have
noted

a
sep

aratio
n

distance
of

around
15

ft
fo

r
U

ST
sites;

H
ers

et
at.

(2012)
have

noted
a

separation
distance

of
around

30
ft

for
rion-U

ST
sites.

A
t

non-U
ST

sites,
th

e
surface

boundary
condition

(e.g.,
pavem

ent)
m

ay
also

have

an
effect

on
th

e
source-separation

distance
(H

ers
e
t

at.,
2012).

It
is

im
p
o
rtan

t
th

at
th

e
hydrocarbon

source
ty

p
e

an
d

distribution
be

ad
eq

u
ately

characterized
(in

particular,

d
ifferen

tiatin
g

resid
u
al-p

h
ase

an
d

dissolved
p
h
ase

sources)
during

th
e

initial
p
h
ases

(e.g.,
m

onitoring
w

ell

installation)
of

any
site

investigation.
S

ource-type
identification

m
ay

not
be

possible
from

sim
ple

m
onitoring

w
ell

observations
(see

F
igure

3).A
C

T
TH

E
SA

M
E

M
W

LO
O

K
TH

E
SA

M
E

M
W

M
W

M
W

M
onitoring

W
ell

F
igure

3.
C

onceptual
m

odel
illustrating

th
e

p
o
ten

tial
for

vapor
intrusion

for
a)

free-p
h
ase

IN
A

PL,
b)

resid
u

al-p
h

ase
LN

A
PL,

and
c)

d
isso

lv
ed

-p
h

ase
so

u
rces.

T
he

identification
of

residual-phase
LN

A
PL

can
be

challenging.
T

he
agency

m
ay

w
ant

to
consider

developing

LN
A

PL
indicator

criteria
sim

ilar
to

those
show

n
in

th
e

attached
table:

U
N

SA
TU

R
A

TED
ZO

N
E

,
C

A
P

IL
L

A
R

Y
Z

0N
E

(

SA
TU

R
A

TED
Z

O
N

E

U
N

SA
TU

R
A

TED
ZO

N
E

C
A

P
IU

A
R

Y
Z

O
N

E
(

SA
TU

R
A

TED
Z

O
N

E

b)
resid

u
al—

p
h
ase

L
N

A
P

L
so

u
rce

a)
fre

e
-p

h
a
se

L
N

A
PL

so
u

rce
c)

d
isso

lv
ed

-p
h

ase
so

u
rce



T
able

2.
P

o
ten

tial
in

d
icato

rs
of

su
sp

ected
L

N
A

PL
p
resen

ce
proxim

al
to

th
e

o
b
serv

atio
n
.

T
Y

PE
IN

D
IC

A
T

O
R

M
E

A
SU

R
E

S
A

N
D

SC
R

E
E

N
IN

G
V

A
L

U
E

S

D
IR

EC
T

cu
rren

t
or

historic
p
resen

ce
of

•
lab

o
rato

ry
and

field/visual
observations,

including
paint

filter,
shaker,

LN
A

PL
in

ground
w

ater
(including

an
d

dye
tests

sh
een

s)
or

soil

IN
D

IR
EC

T
C

O
C

and
TPH

co
n
cen

tratio
n
s

•
g
ro

u
n
d

W
ater

ap
p
ro

ach
in

g
(>

0.2)
effectiv

e
-

b
en

zen
e

>
3

m
g/L

solubilities
o

r
effectiv

e
soil

-
gasoline

(B
TEX

)
>

2
0

m
g/L

satu
ratio

n
co

n
cen

tratio
n
s

*
-

d
iesel>

5
m

g/[
T

PH
-D

•
soil

-
gasoline

>
5
0
0

m
g/kg

T
PH

-G
-

d
iesel>

100
m

g/kg
T

PH
-D

IN
D

IR
EC

T
organic

v
ap

o
r

analyzer
(O

V
A

)
*

•
>

500
ppm

V

IN
D

IR
EC

T
flu

o
rescen

ce
resp

o
n

se
in

LN
A

PL
•

U
V

,
[IF,

o
r

U
V

IF
flu

o
rescen

ce
above

background
levels

(visual

range
o
b
serv

atio
n
)

IN
D

IR
E

C
T

soil-gas
profiles

•
h
y
d
ro

carb
o
n

and
C

O
2

co
n

cen
tratio

n
s

in
soil

gas
th

at
show

no
d
ecrease

(o
r

02
co

n
cen

tratio
n
s

th
at

show
no

increase)
or

rem
ain

relatively

co
n
stan

t
w

ith
d
istan

ce
from

so
u

rce

*
G

arg
and

B
eckett

(2009,
w

ritten
com

m
unication)

N
ote:

C
oncentrations

low
er

th
an

th
e

referen
ce

values
can

also
be

indicative
of

LN
A

PL
sources.

IM
PL

IC
A

T
IO

N
:

It
is

im
p
o
rtan

t
to

try
and

distinguish
b

etw
een

dissolved-
and

residual-phase
hydrocarbon

sources
during

initial
phases

o
f

site
investigation

given
th

e
im

plications
fo

r
site

screening.
T

he
A

gency
should

co
n
sid

er
providing

very
clear

guidance
to

assess
so

u
rce

ty
p

e
during

th
e

initial
stages

of
site

investigation
given

th
e

im
plications

for
site

risk.T
he

A
gency

m
ay

also
w

ant
to

think
about

separate
screening

criteria
for

U
ST

and

non-U
ST

sites
given

th
at

th
e

unique
risks

(w
ith

respect
to

exclusion
distance

and
sensitivity

to
surface

boundary

condition)
th

ese
2

classes
of

sites
represent.

G
roundw

ater

H
ydrocarbon

concentrations
in

ground
w

ater
collected

from
m

onitoring
w

ells
screened

across
the

w
ater

table

(even
as

shallow
as

5
ft)

w
ill

be
of

little
benefit

in
petroleum

vapor
intrusion

risk
assessm

ent
other

than
as

indirect

indicators
of

residual-phase
LN

A
PL

A
s

indicated
in

L
ahvis

et
al.

(2012)
and

H
ers

et
al.

(2012),
hydrocarbon

co
n
cen

tratio
n
s

in
soil

gas
are

poorly
correlated

w
ith

concentrations
in

groundw
ater

(see
Figure

4).
T

he
poor

correlation
can

be
attrib

u
ted

to
several

factors
including:

a)
th

e
inability

to
accurately

m
easure

the
w

ater
table

co
n
cen

tratio
n
s

from
w

ells
screened

below
the

w
ater

table,
b)

biodegradation
in

the
capillary

zone,
and

c)
the

potential
for

encountering
residual-phase

LN
A

PL
sources

above
th

e
w

ater
table.
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F
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4.
Plot

o
f

b
en

zen
e

co
n
cen

tratio
n
s

in
soil

gas
(from

lo
w

erm
o
st soil-gas

sam
pling

probe
locations)

v
ersu

s
b
en

zen
e

concentrations
in

ground
w

ater
for

th
e

dissolved
p

h
ase

vapor
so

u
rce

data
set.

T
he

ground-w
ater

co
n

cen
tratio

n

m
easu

rem
en

ts
are

from
co

-lo
cated

or
nearby

ground-w
ater

m
onitoring

w
ells.

T
he

plot
includes

49
so

il-g
as!

g
ro

u
n

d
-w

ater
data

pairs
collected

at
15

U
ST

sites
and

39
sam

ple
locations.

N
o

n
-d

etect
values

are
plotted

at
th

e
reporting

lim
it.

T
he

diagonal
line

indicates
equilibrium

partitioning
of

benzene
b

etw
een

w
ater

and
air

according
to

H
enry’s

law
assum

ing
a

partition
coefficient

of
0.14

and
a

rep
resen

tativ
e

g
ro

u
n
d
-w

ater
tem

p
eratu

re
o

f
15°C

.

IM
PL

IC
A

T
IO

N
:

T
h
e

A
g
en

cy
should

be
cautious

ab
o
u
t

using
groundw

ater
concentration

m
easurem

ents

(regardless
of

screen
length)

in
site

screening
o
th

er
than

potentially
as

an
o
th

er
line

of
evidence

to
help

distinguish
betw

een
dissolved

and
residual-phase

hydrocarbon
sources.

Ill)
C

O
N

S
T

IT
U

E
N

T
S

O
F

P
O

T
E

N
T

IA
L

C
O

N
C

E
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N

T
he

soil-gas
data

indicate
th

at
benzene

is
the

prim
ary

risk
driver

for
vapour

intrusion,
especially

at
sites

w
ith

dissolved-phase
hydrocarbon

sources
com

posed
prim

arily
of

soluble
arom

atic
(BTEX

)
constituents

(L
ahvis

et
al.,

2012;

H
ers

et
al.

2012).
For

exam
ple,

TPH
fractions

and
hexane

are
only

observed
in

soil
gas

above
risk-based

threshold

concentrations
w

ithin
3

—
5

ft
of

an
LN

A
PL

source
(see

slides
21

and
22

below
from

H
ers

et
al.,

2012).
In

addition,
th

e

exclusion
criteria

derived
for

benzene
are

assum
ed

to
be

conservative
for

naphthalene,
w

hich
is

1)
relatively

less

volatile
th

an
benzene,

2)
sim

ilarly
susceptible

to
biodegradation

(A
nderson

et
al.,

2008),
and

3)
typically

p
resen

t
in

gasoline
at

low
er

m
olar

fractions
th

an
benzene.

M
ethyl

tert-butyl
eth

er
(M

TB
E), w

hich
m

ay
be

considered
a

potential

co
n
stitu

en
t

of
concern

for
vapor

intrusion
in

som
e

regulatory
jurisdictions,

w
as

also
not

considered
in

the
statistical

analysis.
T

he
exclusion

of
M

TB
E

w
as

justified
on

th
e

basis
th

at
th

ere
are

few
,

if any,
confirm

ed
reports

of
M

TB
E

vapor

intrusion
in

th
e

literature,
even

though
M

TB
E

is
a

routine
analyte

in
vapor

intrusion
investigations.

IM
PLIC

A
TIO

N
:

B
enzene

is
likely

to
be

th
e

prim
ary

risk
driver

for
vapor

intrusion
at

petroleum
hydrocarbon

release

sites.
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S

T
he

m
odeling

w
ork

by
B

ozkurt
et

al.
(in

preparation)
show

s
th

at
“vapor

intrusion
risks

are
not

substantially

increased
by

preferential
pathw

ays
unless

they
directly

intersect
areas

w
here

highly
contam

inated
soil

gas
exists

and
building

foundations”
(reference

available
upon

request.
E

xperience
has

show
n

th
at

preferential
pathw

ays
of

significance
are

n
o
t

a
com

m
on

occurrence
and

are
generally

restricted
to

sites
w

ith
sew

er
lines

th
at

in
tersect

high

concentration
dissolved

phase
hydrocarbon/L

N
A

P
L

plum
es

and
building

foundations
(e.g.,

P
ennsylvania

D
EP,

2001;
R

iis
et

al.,
2010).

Tn
addition,

preferential
pathw

ays
have

not
been

docum
ented

to
play

a
significant

role
in

enhancing
preferential

vapor
m

igration
at

U
ST

sites
(from

tank
pits

along
piping

line
(coarse)

backfill).
A

lthough
I

am
not

aw
are

of
any

published
studies,

fractured
rock

is
also

often
cited

as
a

preferential
pathw

ay
for

sources

located
at

d
ep

th
.

IM
PU

C
A

T
IO

N
:

P
referen

tial
pathw

ays
are

likely
to

be
restricted

to
sew

ers
th

at
intersect

shallow
g
ro

u
n
d

w
ater

plum
es.

V
)

SU
R

FA
C

E
B

O
U

N
D

A
R

Y
C

O
N

D
IT

IO
N

T
he

type
of

surface
boundary

conditon
(atm

ospheric,
paved,

building)
is

not
likely

to
affect

site
screening

at
U

ST

sites
(L

ahvis
et

al.,
2012).

A
dded

sensitivity
to

the
surface

condition
has,

how
ever,

been
observed

at
non-U

ST

sites
(H

ers
et

al.,
2012),

potentially
related

to
an

additional
dem

and
for

02
availability.

IM
PL

IC
A

T
IO

N
:

S
urface

covers
can

p
o
ten

tially
lim

it
O

availability
and

b
io

d
eg

rad
atio

n
at

som
e

non-U
ST

sites

w
ith

large
LN

A
PL

sources.

V
I)

FU
R

TH
ER

SITE
A

SSE
SSM

E
N

T

For
dissolved-phase

petroleum
hydrocarbon

sources
(in

th
e

absence
of

residual-phase
LN

A
PL),

depth
to

groundw
ater

is
likely

to
be

th
e

critical
control

on
petroleum

vapor
intrusion

risk,
not

the
hydrocarbon

concentration
in

ground
w

ater.
Itm

ay
be

prudent,
therefore,

to
focus

additional
m

onitoring
or

data
collection

on

the
potential

for
ground

w
ater

to
contact

a
building

foundation
rath

er
than

ground-w
ater

sam
pling.

For
LN

A
PL

sources,
th

e
key

risk
drivers

are
source

(com
position

and
distribution)

and
th

e
vertical

atten
u
atio

n
of

th
e

hydrocarbon
in

th
e

u
n
satu

rated
zone.

A
dditional

soil-gas
sam

pling
of

hydrocarbons
and

signatures
of

hydrocarbon
biodegradation

(02,
C

0
2,

C
H
4)

b
etw

een
the

source
and

building
foundation

can
be

of
benefit

in
such

cases.

IM
PLIC

A
TIO

N
:

S
trateg

ies
for

additional
site

assessm
en

t
m

ay
also

differ
d
ep

en
d
in

g
on

w
h
eth

er
th

e
source

is

dissolved-phase
o
r

LN
A

PL.


