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Why Do We Need Another Model?
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State Driven Subslab Values for Mitigation

Any subslab concentration of TCE above 60 µg/m3 and resistance is futile…
The Indoor air screening level is 2µg/m3

2/60 = 0.03
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Conceptual Model and Framework 
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Conceptual Model of Sub-slab Venting

(T)  = Transmissivity below the floor (ft2/day) 
(K) = gas conductivity (ft/day)
(b) = thickness (ft)

(B) = Leakance  (ft) (this parameter simplifies equations)

Hantush, M.S. and C.E. Jacob, 1955. Non-steady radial flow in an infinite leaky aquifer, Am. Geophys. Union Trans., vol. 36, pp. 95-100.

Hantush-Jacob Leaky Aquifer Model
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Flow lines (T)



The Math
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K’ = bulk vertical pneumatic conductivity of the floor slab (0.08 to 0.9 ft/day)
b’ = floor slab thickness (0.5 ft)
T = transmissivity  (54 ft2/day)
B = leakance (5.5 to 18 ft ft)
ΔP = pressure across the floor slab (0.05 to 0.5 ft of air column)
A   = Area of the building footprint (11,000 ft2)
h = Height of Building = 13.25 ft
AER = Air Exchange Rate = 19 per day (mean for naturally-ventilated)

Calculated from Model

Measured
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McAlary, T., Gallinatti, J., Thrupp, G., Wertz, W., Mali, D. and H. Dawson, 2018.  Fluid Flow Model for Predicting the Intrusion Rate of Subsurface 
Contaminant Vapors into Buildings, Environmental Science & Technology, 2018, 52(15), pp 8438-8445.



Fan or VacuumDischarge

Essentially the same kit as an SVE pilot test
Typical flows of 10-30 scfm at 20-50 inches W.C.

Vacuum Gauge

Flow Monitoring

Static Vacuum &
Transient Vacuum

Collection of Field Data
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Collection of Field Data

Long Term Cross-Slab Differential Pressure

Building 
Height

Air Exchange Rates

7



Determination of T & B with Transient Vacuum
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Curve Fitting to Time-Drawdown Data
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Very good fit between model and 
vacuum vs time data

Curve fitting yields 
T and r/B values

B           = 14 ft
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T = 175 ft2/day
B = 14 ft
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Determination of T & B with Static Vacuum
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The Model and the Math
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Statistical Look from 121 Tests
Transmissivity 

below the 
floor (T) 
(ft2/day)

Leakage 
Factor (B)  

(ft)

AF via Eq 9 
(Qsoil/Qbuild) 

(n=121)

U.S. EPA Empirical 
Subslab AF 
(Cia/Css)      
(n=431)

AF Eq 9 /         
USEPA 

AF

Maximum 1000 73 0.25 0.94 0.3

95th %-ile 457 30 0.10 0.026 4.0

75th %-ile 70 14 0.020 0.0068 3.0
50th %ile 42 9.1 0.0078 0.0027 2.9

25th %-ile 21 5.8 0.0026 0.0015 1.7
5th %-ile 5.3 3.3 0.00040 0.00032 1.2

Minimum 1.7 0.7 0.00021 0.000025 8.5
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Residential Attenuation Factors

AF = T ΔP   
B2 h AER

Assume:
ΔP = 4 Pa (1.1 ft air column)
h = 8 ft (2.4 m)
AER = 0.45/hour (USEPA, 2011)

U.S. EPA, 2011. Exposure Factors Handbook, EPA/600/R-090/052F

Alpha via 
Flow/Vacuum 
Model (n=121)

Maximum 2.5E-01
95th %-ile 1.0E-01
75th %-ile 2.0E-02
50th %ile 7.8E-03
25th %-ile 2.6E-03
5th %-ile 4.0E-04
Minimum 2.1E-04
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Commercial/Industrial Attenuation Factors
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AF = T ΔP   
B2 h AER

Assume:
ΔP = 4 Pa (1.1 ft air column)
h = 15 ft (4.6 m)
AER = 1.5/hour (USEPA, 2011)

Alpha via Flow/Vacuum 
Model (n=121)

Maximum 3.9E-02
95th %-ile 1.6E-02
75th %-ile 3.1E-03
50th %ile 1.2E-03
25th %-ile 4.1E-04
5th %-ile 6.3E-05
Minimum 3.3E-05

U.S. Navy, 2015. A Quantitative Decision Framework for Assessing Navy Vapor Intrusion Sites, Technical Report 
TRNAVFAC-EXWC-EV-1603, June 2015.



ES&T Article and ESTCP Final Report
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McAlary, T., Gallinatti, J., Thrupp, G., Wertz, W., Mali, D. and H. Dawson, 2018.  Fluid Flow Model for Predicting the Intrusion Rate of 
Subsurface Contaminant Vapors into Buildings, Environmental Science & Technology, 2018, 52(15), pp 8438-8445.

https://www.serdp-estcp.org/Program-Areas/Environmental-Restoration/Contaminated-
Groundwater/Emerging-Issues/ER-201322/ER-201322



Questions?

Darius Mali, M.A.Sc., P.Eng (ON), CNRPP
dmali@Geosyntec.com

Todd McAlary, Ph.D., P.Eng. (ON,BC), P.G.(NC), CUT
tmcalary@geosyntec.com
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