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Introduction

Remedy monitoring is applied to assess remedy 
performance, but may be insufficient to support a decision 
to terminate a remedy such as Soil Vapor Extraction.

Decision tools are needed for define the end state for SVE 
because contaminant transport needs to be considered. 
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Technology/Methodology Description

Input

Output

Output

SVEET
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Vadose Zone Contamination

SVE effectively removes 
contaminant vapors, but 
typically cannot remove all 
of the contaminant mass –
diminishing returns.
Do contaminants that 
remain after a period of SVE 
operation pose a risk?

Where is the persistent 
source?
How strong is the source 
(contaminant mass 
discharge/concentration)?
What is the contaminant 
transport toward points of 
concern?

At some sites: Is SVE 
needed? Brusseau et al. 2013; Oostrom et al. 2010; Truex et al. 2009

During SVE remediation

After SVE remediation
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Key Reference Documents

Soil Vapor Extraction System Optimization, Transition, and Closure 
Guidance

http://bioprocess.pnnl.gov/SVEET_Request.htm

Vapor Intrusion Estimation Tool For Unsaturated-Zone Contaminant 
Sources

http://bioprocess.pnnl.gov/VIETUS_Request.htm

Estimating the Impact of Vadose Zone Sources on Groundwater to 
Support Performance Assessment of Soil Vapor Extraction. Ground 
Water Monitoring and Remediation
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SVEET Tool
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Calculation Approach
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Relationship of Source and Output
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The presence of discrete source zones (versus a uniformly distributed source) 
within the same portion of the vadose zone only has a small effect on 
simulated groundwater well concentrations, even to a small effective source 
volume (Truex et al. 2013).

Technical Basis
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SVE Data – Source Strength

Data from the SVE 
system can be used to 
quantify source strength 
as contaminant mass 
discharge.
Rebound analysis 
estimates source strength 
if SVE is terminated.  Can 
use this information to 
evaluate whether this 
source poses a risk. 

Brusseau et al. 2010; Carroll et al. 2012, 2013; Truex et al. 2012
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SVE Data – Source Location

Carroll et al. 2012, 2013; Truex et al. 2012; Mainhagu et al. 2014; Brusseau 2015
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Transport Calculations

Approach uses a limited set of 
parameters based on examining the 
effect of parameters on long-term 
vapor and groundwater 
concentrations
Approach uses 3D multiphase 
transport because this was shown to 
be important to estimating transport 
for volatile contaminants.
Spreadsheet tool assesses results of 
pre-modeled scenario results

Interpolates to give results 
relevant to site-specific 
conditions
Enables sensitivity analyses to 
be rapidly conducted

Vapor concentration

Groundwater
concentration
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Because VOC transport was simulated until steady state 
conditions were obtained, the effects of sorption could be 
neglected (Carroll et al., 2012)
Sorption may delay the impact to groundwater, but has minimal 
impact on the overall long-term contaminant distribution if the 
source strength remains constant

10 years; Kd = 0 mL/g 10 years; Kd = 0.2 mL/g

Technical Basis for Parameters
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STOMP (Subsurface Transport Over Multiple Phases) was used (White 
and Oostrom, 2006)
Fully-implicit, integrated finite difference model
Applicable governing equations are the component mass-conservation 
equations for water, organic compounds, and air
Simulations were conducted for Base Case (bold) and 971 other cases
Groundwater concentrations at wells located 10, 25, 50, 75, and 100 m 
downstream are computed.

Name Symbol Simulated Values
gravimetric moisture content (%)  1, 3, 5, 7, 9
vadose zone thickness (m) VZT 10, 20, 30, 45, 60
source thickness ratio (‐) STR 0.1, 0.25, 0.5
relative source position (‐) RSP 0.1, 0.5, 1, 5, 10
source area (m2) SA 100, 400, 900, 2500
groundwater Darcy velocity (m/d) q 0.05, 0.0175, 0.03, 0.165, 0.3
source gas concentration (mg/L) Cgs 1, 2, 10, 20
Henry’s Law coefficient H 0.1, 0.5, 0.89, 1.0
compliance well screen length (m) s 5, 10, 20
recharge rate (cm/yr) R 0.4, 0.8, 2, 4, 7.5

(Oostrom et 
al., 2014)

Pre-Modeled Scenarios
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Parameter Test Case 1 Test Case 2 Test Case 3 Test Case 4
 3% 3% 7% 7%
STR 0.175 0.175 0.375 0.375
VZT 20 20 45 45
SA 250 m2 250 m2 1700 m2 1700 m2

q 0.0175 m/d 0.165 m/d 0.0175 m/d 0.165 m/d
RSP 0.55 0.55 5.5 5.5

Comparison of STOMP simulations and interpolations (Oostrom et al. 
2014)

Tool Interpolation Basis
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Tool Updates

Provide soil gas concentrations at two depths across the 
whole model domain

Provide groundwater concentration at any location along 
the plume centerline

Expand the range of parameters in the pre-modeled 
scenarios 

Enable the tool to be applied at more sites
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Tool Updates
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Survey to Expand Applicability
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Parameter Expansion

Parameter Evaluation Points as the Basis for Interpolation

Residual Moisture 
Saturation

0.05 0.3 0.55 0.75

Source Thickness Ratio 0.1 0.25 0.5 0.75

Vadose Zone Thickness 3 10 30 60 110 150

Source Area (m2) 100 400 900 2,500 10,000

Groundwater Velocity 
(m/day)

0.005 0.03 0.3 1

Relative Source Position  0.1 1 10 50

~5,000 Simulations required to extend parameter 
ranges to the values in red
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Parameter Expansion Studies
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Ground-Truthing

For sites with pseudo steady-state conditions compare 
model results to measured values at specific locations

Consider uncertainty ranges
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Case Study: Hanford Site Conceptual 
Model

DOE 2014, 2016
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Case Study: Hanford Site Parameters

DOE 2014, 2016
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Case Study: Decision Logic

DOE 2014, 2016
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Case Study: Results

Site provided SVE data according to the decision logic 
and obtained approval from regulators to terminate the 
SVE system

Approval was based on site data and transport analysis 
showing that no additional SVE was needed to meet the 
groundwater protection objective
Vapor intrusion was not an issue for this site
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