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Objectives

Apply Abreu and Johnson 3D model to:
m Visualize predicted concentration profiles
around buildings for biodegradable chemicals
m Evaluate how aerobic biodegradation affects
the attenuation factor o as a function of:

Vapor source concentration
Vapor source depth

[ateral distance from buildings
Biodegradation rates

Cracks location

Building construction
o = Cindoor/(Csource GeoSyntec g



The Abreu and Johnson 3D Model

The numerical code couples
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pressure field and air flow
field with the multi-species i = V(G ) Vo
contaminant transport and
reaction equation
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Solved by finite differences method
Time-varying building and atmospheric pressurization
Multi-component systems (e.g., O,, hydrocarbons)
User-defined Kinetics

Variable building construction (basements, slabs, varying
crack sizes and crack locations)

Variable source characteristics (location, strength)

Heterogeneous subsurface settings
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Model Inputs

5 Pa constant building 10 m x 10m footprint

under-pressurization Hi== 1L mm wide full perimeter crack

0.5/h
air exchange | Fine to medium
rate _ sand
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Grid spacing is variable - finer X (m)
detail near cracks, source

boundaries, and domain

boundaries

30 m x 30 m constant source for
non-symmetrical scenarios
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Model
Predicted

Pressure
Fields

Basement scenarios
Perimeter crack
Homogeneous soll

Cross-section through
plane of symmetry
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Effect of Aerobic Biodegradation

Presentation of results:

Concentration profiles on
vertical cross-sections
through center of building:

Basement and slab-on-grade

Hydrocarbon conc.
contour plots
normalized to the
source zone vapor
concentration at the
lower boundary

Oxygen conc. contour
plots normalized to

the atmospheric conc.
at the ground surface

Depth bgs (m)

Hydrocarbon

Oxygen
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Effect of
Source
Concentration

[Basement Scenario]
[A=0.18 h]

Results suggest that there
may be source vapor
concentrations that are of
little concern if soil gas
beneath the foundation is
well-oxygenated

(e.g., low concentration
dissolved petroleum
groundwater plume
sources)

Depth bgs (m)
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Effect of
sSource
Conc. on o

[Basement Scenario]

At high concentrations, the
effect of biodegradation on
o IS minimal due to oxygen
depletion beneath and near
foundation
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At low concentrations, o
becomes independent of C
because of the first-order
kinetics and oxygen rich
conditions everywhere, and the — — 3 mbgs, No Biodegradation

- - : —4a— 3 mbgs, A=0.018 (1/h) ---A-- 8mbgs, A=0.018 (1/h)
effect of bIOdegradatlon IS —e— 3 mbgs, A=0.18 (1/h) ---0--- 8 mbgs, A=0.18 (1/h)

100

Vapor Source Concentration (mg/L)

source

—_—

more pronounced — = 3mbgs, A=1.8(1/h) -—-&-- 8mbgs, A= 1.8 (1/h)
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Effect of Source Conc. on a

[Slab-on-grade Scenario]

m)

Depth bgs (

Similar trends as of
basement scenario

but o values are lower and
It iIs more sensitive to A

For high vapor source
concentrations at 8 m bgs
oxygen penetrates fully
beneath the slab and the
effect of biodegradation on
o is significant

Csource = 200 mg/L

fassaseo ~ A=0.18H
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1 100
Vapor Source Concentration (mg/L)

— — 3 mbgs, No Biodegradation

—a—3 mbgs, A=0.018 (1/h) ---a--- 8 mbgs, A=0.018 (1/h)
—=—3mbgs, A=0.18 (1/h) ---8--- 8 mbgs, A =0.18 (1/h)
—e—3mbgs,A=1.8(1/h) ---o--- 8 mbgs, A=1.8 (1/h)
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Effect of
Depth

[Basement Scenario]

[Csource = 200 mg/L ]
[A =0.18 h1]

Results suggest that, for a
given source vapor
concentration, there may
be a critical depth beyond
which vapor migration is of
little concern

This depth will be a
function of concentration
and degradation rate at a
minimum.

Depth bgs (m)
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Effect of
Depthona

. 1.E-04 -
[Basement Scenario] :

Combinations of source 1.E-05
sjtrength, soqrce depth, _and 1.E-06 -
first-order biodegradation :
rate (A) 1.E-07 -

High concentration cases 1.E-08 -
show lower sensitivity to A 1
changes and depths for 1.B-09 -
depths less than 8 m ]

1.E-10 ——

Increasing sensitivity in o 0 2 4

to depth a_nd A occurs as Depth of Vapor Source bgs (m)
the depth increases and as

the source Vapor — — No Biodegradation

concentration decreases --A--2mg/ll, A=0.018 (1/h) —&— 200 mg/L, A=0.018 (1/h)
---o--- 2mg/L, A=0.18 (1/h) —e— 200 mg/L, A=0.18 (1/h)

---@-- 2mg/L, A =1.8 (1/h) —a— 200 mg/L, A=1.8 (1/h)
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Depth bgs (m)

Effect of
Depth on o,

[Slab-on-Grade Scenario]

Lower o values and more
sensitivity to depth than the
basement scenario

] [A=0.18 h]
oa=1.13E4
TN E— )

[Cs=200 mg/L ]

a.=3.48 E-6
14 \ A\ \ N

1.E-02 -
1.E-03 -

1.E-04 -

1.E-05 -

1.E-06 1
1607 |
1,608 |

1,609 |

1.E-10 -
0 2

8 10 12 14 16
Depth of Vapor Source bgs (m)

— — No Biodegradation

---A--2mg/L,A=0.018 (1/h) —a— 200 mg/L, A =0.018 (1/h)
---0--- 2mg/L, A=0.18 (1/h) —e— 200 mg/L, A=0.18 (1/h)
---B2-- 2mg/L, A=1.8 (1/h) —a— 200 mg/L, A=1.8 (1/h)
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Effect of crack location on o

. Low conc. sources High conc. sources
Not sensitive If Deep sources Shallow sources

« OXxygen penetrates
deep into the
subsurface and fully | OXYGEN
beneath slab or OXYGEN -

« Oxygen does not
penetrate beneath the
slab

May be sensitive if Transition between:

_ high-low source conc.
« Oxygen penetrates only partially shallow-deep sources
beneath the slab :

The sensitivity is a function of:
« Source depth | OXYGEN
 Source concentration : -
« Foundation type
« Degradation rate
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Effect of crack
location on o
as func. of conc.

Slab-on-Grade Scenario,
Source at 3m bgs

Not significant for non-degradation
or low A cases (at any concentration)

Not significant for conc. <20 mg/L
(for any A case)

Significant for medium and
high degradation rate scenarios
in the concentration range of
20-200 mg/L

04

Vapor Source Concentration (mg/L)

Crack i the perimeter, No reactions

Crack m the center, No reactions
---A -- Crack i the perimeter, A = 0.018 (1/h)
---©-- Crack i the perimeter, A = 0.18 (1/h)
---B--- Crack in the perimeter, A = 1.8 (1/h)
—— Crack in the center, A = 0.018 (1/h)
—o— Crack in the center, A = 0.18 (1/h)
—&— Crack in the center, A = 1.8 (1/h)
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Effect of crack
location on o as
func. of depth

Slab-on-Grade Scenario
High source conc. = 200 mg/L

Not significant for non-degradation
or low A cases (at any depth)

Not significant for depths >9 m bgs
(for any A case)

Significant for medium and
high degradation rate
scenarios in the depth range
of 3-8 m bgs

6 8 10 12 14

Depth of Vapor Source bgs (m)

Crack in the perimeter, No reactions

Crack in the center, No reactions
---A -- Crack in the perimeter, A = 0.018 (1/h)
---@ -- Crack in the perimeter, A = 0.18 (1/h)
---&-- Crack in the perimeter, A = 1.8 (1/h)
—a&— Crack in the center, A = 0.018 (1/h)
—e— Crack in the center, A = 0.18 (1/h)
—a&— Crack in the center, A = 1.8 (1/h)
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Changes In o with Source Position
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[No degradation scenario]
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Qs=4.05 L/min a i, = 6.8 X107
(OL No-bio ~ 1.2 X 10-3)

Changes
IN o, With
Source
Position

[Biodegradation,
Basement Scenarios,
Csource = 200 mg/L]

A=0.18ht

Depth bgs (m)

Depth bgs (m)
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Qs=4.05 L/min

-(:hang-es .
IN oo With
Source
Position

[Biodegradation,
Basement Scenarios,
Csource = 200 mg/L] b) Oxygen

A=0.18ht

Depth bgs (m)

Depth bgs (m)
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Qs=4.05 L/mi

a) Hydrocarbon

Changes
IN o, With
Source
Position

[Biodegradation,
Basement Scenarios,
Csource = 200 mg/L]

A=0.18ht

Depth bgs (m)

Depth bgs (m)
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Chaﬂges
in o with
Source
Position

[Biodegradation,
Basement Scenarios,
Csource = 200 mg/L]

A =0.18 ht

Depth bgs (m)

Qs=4.05 L/mi

0 a) Hydrocarbon

n
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Changes
IN o, With
Source
Position

Basement Scenarios,
Csource = 200 mg/L,
Depth = 3 and 8 m bgs

1.E-02 |

. source zone no longer
1.E-03 £ beneath building

1604 ]
1.E-05 -

1.E-06 -

1.E-07 -

1 Basement
1.B-08 110 mx 10 mfootprint
] source size 30 mx 30 m

1.E-09 |

1.E-10 - ‘ ‘ BN .
15 10 -5 0 5 10 15 20 25

Source Edge - Building Center Separation (m)

— 3 mbgs- No reactions -—---8mbgs - No reactions
—&— 3 mbgs,A=0.018 (1/h) ---A-- 8mbgs , A =0.018 (1/h)
—e— 3 mbgs, A=0.18 (1/h) ---@-- 8mbgs , A =0.18 (1/h)
—=— 3 mbgs ,A=1.8(1/h) ---B--- 8mbgs , A= 1.8 (1/h)
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| essons-Learned for Scenarios with
Aerobically-degradable Chemicals

» Vapor source concentration
While biodegradation may be significant over a wide range of
concentrations, the effect of biodegradation on o 1s more
substantial for moderate to low source concentrations

* Vapor source depth
Biodegradation effects are more pronounced for larger source-
foundation distances

» Lateral distance from buildings

Small source-building lateral separation (e.g., S - 10 m) can
result in a very large reduction in o
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| essons-Learned for Scenarios with
Aerobically-degradable Chemicals

» Biodegradation rates
Range of biodegradation rates considered - high degradation rates

affects o more significantly than low degradation rates

* Crack location
Model predicted a 1s not dependent on crack location for cases
where biodegradation is significant and oxygen penetrates fully
into the subsurface beneath the slab (1.e., low source concentration
or deep sources)

* Building construction

Slab-on-grade scenarios are more influenced by biodegradation
than basement foundation scenarios
GeoSyntec @



Summary of
Conditions
Studied to
Date

(Abreu 2005)

Effect of building
under pressurization,

Homogeneous soil properties,
constant building and atmospheric pressure

Effect of buildi

ng construction

Slab-on-grade

soil type and resultant
soil gas entry rate

No reactions

Aerobic biodegradation

Effect of

biodegradation
first order rates

Effect of Effect of
vapor source vapor source
concentration depth

Effect of lateral
separation
between building
and vapor source

Effect of crack
location,
perimeter vs.
center of
building
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Future Scenarios
« Layered lithology
» Wind blowing against the building

« Backfill and gravel layer around building
foundation
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Questions/Comments?
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