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Soil Gas Sampling – Why?
 Collect a soil gas sample representative of 

the soil gas at a known subsurface location
 Submit sample for laboratory chemical analyses 
 Use analytical results (concentrations) to assess 

possible vapour intrusion
 To collect a representative soil gas sample, 

we need to consider, among other factors:
 Atmospheric barometric effects
 Extent of vacuum used for sample collection
 Effect of short-circuiting (from sources other 

than soil gas for the intended location)



Introduction
Mathematical Modeling Study 

regarding sampling for Soil Vapour 
Intrusion assessments

Equilibration Time Simulations
Response Due to a Step Increase in 

Atmospheric Pressure
 Influence Zone Surrounding a Soil Gas 

Sampler during Sample Extraction



Mathematical Model
Soil Parameters and Contaminant 
Characteristics
 3 Distinct Soil Types

 coarse-grained (CG)a;
 fine-grained (FG)a, and; 
 very fine-grained (VF).

Soil Parameter Coarse-
Grained (CG)

Fine-Grained 
(FG)

Very Fine-
Grained (VF)

Total Porosity, T 0.4 0.3 0.3

Air-Filled Porosity, a 0.281 0.132 0.132

Hydraulic Conductivity, K 
(cm/s) 1.0x10-3 1.0x10-6 1.0x10-7

Intrinsic Permeability, k (cm2) 6.0x10-8 6.0x10-11 1.0x10-12

a denotes Alberta 
Environment default soil type



Mathematical Model
Equilibrating Time Model
 Time required for the vapour concentration 

inside a sampler to attain the same 
concentration as that in the surrounding soil 
gas subsequent to its first installation

 Crank5 provides two analytical solutions
 Steady state with a constant concentration in 

the soils
 Unsteady state solution



Mathematical Model
Soil Gas Flow Model

 Movement of soil gas in the subsurface during 
sample collection is controlled by advection 
(Baehr and Hult, 1991):

 Solved numerically using the finite element code 
SVAirFlow

 Validated using vapour extraction results 
presented in Baehr and Hult
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Simulation and Results
Equilibrating Time Simulations
 Equilibrating times calculated using the constant 

concentration at sampler wall boundary condition 
are found to be similar to those calculated using a 
reducing source boundary condition

Sampler 
Diameter  Coarse-Grained Soil Fine-Grained and 

Very Fine-Grained Soil
1 in. (25 mm) 500 s 0.1 hr 4000 s 1.1 hr

2 in. (50 mm) 2000 s 0.6 hr 17600 s 4.9 hr

4 in. (100 mm) 7000 s 1.9 hr 48000 s 13.3 hr

6 in. (760 mm) 21600 s 6.0 hr 115200 s 32.0 hr



Figure 1. Estimated Equilibrating Time for Soil Gas Samplers of Various 
Diameters for Coarse-Grained and Fine-Grained Soils.



Simulation and Results
Response Due to a Step 
Increase in Atmospheric 
Pressure
 1D model to examine vertical 

response due to step increase 
in atm. pressure

 Pulse atmospheric pressures
 applied for 30s
 pressure pulses, Δs, are 

0.01, 0.05 and 0.1 kPa
 Simulation duration = 1800s

Figure 2. Schematic Showing 1D Model
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Figure 3  Soil Air Pressure Profiles in a 
Fine-Grained Soil for D = 0.05 kPa

Figure 4 Maximum Normalized Pressure Change 
Profiles in a Very Fine-Grained Soil for D = 0.01, 0.05 
and 0.10 kPa



Simulation and Results
 After 1800 s, the maximum 

penetrations are about 0.8 m 
and 2.0 m for VFG and FG soils, 
respectively

 Pressure effect travels through 
the CG soil column at a fast 
rate; a pressure change of 
about 10% of the applied pulse 
is registered at 10 m below 
grade after about 120 s 

 Penetration of barometric 
effects into the subsurface is not 
affected by the magnitude of 
the pressure change but is 
dependent on the soil type

 Soil samplers when installed in 
FG and CG soils to depths less 
than 2 m will likely be affected 
by barometric pressure 
changes Figure 5. Maximum Normalized Pressure 

Profile for Various Soil Types 



Simulation and Results
Influence Zone Surrounding 
a Soil Gas Sampler during 
Sample Extraction
 Two-dimensional 

axisymmetric (2D) model 
is used to study the size of 
the influence zone that 
will be generated during 
soil gas sample extraction

 Values reported as gauge 
pressure

 Reference atmospheric 
pressure is 90 kPa 
absolute (the mean 
pressure for the City of 
Calgary)

Figure 6. Schematic Diagram Showing the 2D-
Axisymmetric Model
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Simulation and Results
 Preliminary results indicate that the 

pressure build-up within the sampler is 
significantly different among the three soil 
types
 Based on a limited number of simulations

 Pressure inside a sampler ranges 
between -5.3 and -8.1 kPa in the CG soil 
and is about -90 kPa in the FG and VF soils 

 Pressure changes by less than 5% 
throughout the sampling time



Figure 7. Pressure Distribution during Sampling at an Extracting Rate of 300 mL/min 
for a 300 mm Diameter Probe Installed at 1.5 m below Grade



Conclusions
 Using analytical solutions, look-up charts are 

developed to estimate the equilibrating time 
for cylindrical soil gas samplers in both coarse-
grained and fine-grained soils.

 SVAirFlow has been demonstrated to be 
capable of simulating soil gas movement in 
response to barometric variations and during 
soil gas sample collection. 

 Barometric effect can reach most soil gas 
samplers installed within 2 m of the ground 
surface except in very fine-grained soils of low 
permeability. 



Conclusions (continued)
 Parametric study of the effect of sampler size, 

sampling rate and depth of sampler are still 
incomplete. 

 Preliminary results indicate that the pressure effect 
during sampler would propagate up to 3 m in 
coarse-grained soils 

 Particle-tracking is a numerical method that traces 
the paths of particles placed in a finite element 
mesh, and offers an alternative to assessing the zone 
of influence

 Most permanent or semi-permanent soil gas samplers 
are installed in bore-hole and are isolated from 
grade using hydrated bentonite seals. Numerical 
models can also be used to evaluate the effect of 
imperfect seals during sampling collection.
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Thank you for listening! 
Are there any questions?


