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Outline

Selection of a protective remediation end state for volatile organic 
contaminants in the vadose zone

Application to DOE Hanford Site Soil Vapor Extraction system
Guidance document and calculation tools

Considering end states for inorganic contaminants
DOE Hanford Site examples

Monitoring approaches for remedy decisions based on predicted 
performance

Private site example
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Remediation End State Assessment 
Volatile Organic Contaminants

Measure remedy performance in 

 
context of remedy goals

Hanford Site Soil Vapor Extraction (SVE) 

 

remedy performance was measured as 

 

amount of contaminant extracted and

 

characteristics of contaminants that 

 

persist, e.g., how much has the 

 

contaminant source been diminished? 

Set remediation end state
While SVE cannot remove all of the 

 

contamination, it can reach a state where 

 

contaminants no longer threaten 

 

groundwater (the defined receptor).

Provide basis for remediation 

 
decision

Methods for SVE performance evaluation 

 

and quantifying impact to groundwater 

 

were developed and published to provide 

 

technical basis selecting an end state.

EXAMPLE: DOE Hanford Site Soil Vapor Extraction
Truex et al.  2012. PNNL-21326

Carroll et al. 2012.  J. Contam. Hydrol.
Carroll et al. 2012 GWMR

During SVE remediation

After SVE remediation



Impact of Remaining Vadose Zone 
Contaminants?
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Generalized Conceptual Model for 
End State Assessment

At an end state, contaminants 
remaining in the subsurface 
must not pose a risk.
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?

How strong is the source 
(contaminant discharge rate)?
Where is the persistent 
source?
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Truex et al.  2012. PNNL-21843
Carroll et al. 2012. J Contam. Hydrol.
Oostrom et al. 2010 GWMR
Brusseau et al. 2010 GWMR
Truex et al. 2009. GWMR



Quantifying the persistent source strength

Data from the SVE system can 
be used to quantify source 
strength as contaminant mass 
discharge.
Operations are cycled between 
on and off.  While the system is 
off, concentrations “rebound” 
due to contamination 
discharging from source areas.
Rebound analysis estimates 
source strength if SVE is 
terminated.  Can use this 
information to evaluate whether 
this source poses a risk. 
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Brusseau et al.  2010. GWMR



Determining Source Location: 
Hanford Field Test
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Truex et al.  2012. PNNL-21326
Carroll et al. 2012.  J. Contam. Hydrol.
Brusseau ESTCP 201125 



Hanford SVE System Results: 
Impact to Groundwater

At the Hanford Site, 
groundwater is contaminated 
by sources other than the 
vadose zone and is being 
treated by Pump-and-Treat.
The SVE system needs to 
have reduced vadose zone 
contamination such that 
groundwater remediation goals 
can be met within timeframe of 
groundwater remedy
Used a process to assess 
future impact if SVE is 
terminated and provided a 
metric in the vadose zone for 
the end state – incorporated 
into Record of Decision 8Truex et al.  2012. PNNL-21326



SVE Guidance and Calculation Tool

A systems-based approach to SVE performance assessment and estimating closure 
conditions

New tools in guidance document consider risk to groundwater
Development related to vapor intrusion issues continuing through DoD ESTCP projects (e.g., 
201125)
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Incorporating End State Considerations in 
Remedy Selection
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Site Data
Conceptual 

Model
(nature and extent)

Systems-Based  Assessment
MNA-style investigation

Tiered process
Lines of evidence
Flux to receptor

Refined
Conceptual Model

Assess risk and
appropriate end state

MNA? Full remedy

Partial remedy

Enhancements and 
targeted actions

Remedial Strategy 
and End State
Determination

Source
Terms



Applications

Vadose Zone Example – apply a systems based, MNA-style approach
Significant natural attenuation processes in the vadose zone need to be 
considered
We have time in many cases due to slow movement to groundwater

Hanford 300 Area Example
Complex system with interactions between the vadose zone, groundwater 
and Columbia River
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Coupled Vadose Zone/Groundwater System 
Non-Volatile, Inorganic Contaminants
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Dresel et al. 2011. Environ. Sci. Technol.



Vadose Zone Remedy Framework - Inorganics

Evaluate Threat to Groundwater
Vadose zone contaminants are not a 

 
direct exposure threat.  They are a 

 
potential risk to groundwater but 

 
must transport through the vadose 

 
zone to impact groundwater

Use MNA Approach
Transport of contaminants in the 

 
vadose zone is significantly 

 
attenuated by hydraulic processes 

 
and dispersion in addition to 

 
potential geochemical attenuation.  

 
Thus, natural attenuation can likely 

 
be a significant part mitigating risk

Enhance Natural Processes
When natural attenuation is only part 

 
of the remedy, the MNA analysis can 

 
identify enhancements to attenuation 

 
processes that reduce flux to 

 
groundwater

EXAMPLE: US DOE Hanford Site
Waste discharges into the thick Hanford vadose zone 

 
varied in volume and chemical properties.  Significant 

 
inventory remains in the vadose zone due to 

 
geochemical processes and vadose zone water flow 

 
characteristics that contribute to natural attenuation of 

 
the impact to groundwater.
Truex and Carroll. 2012.  PNNL-21815
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Uranium solubility reactions limit mass of mobile uranium



Vadose Zone Hydraulic Attenuation
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Electrical resistivity survey shows lateral spreading of waste 

 
(red color) disposed in cribs and trenches (gold color).
Lateral spreading slows downward movement

Borehole data shows relative contaminant 
and water movement

Jansik et al. 2012. Vadose Zone J. (submitted)



Coupled Vadose Zone/Groundwater System
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Source
and

Natural Attenuation

Flux to 
Groundwater

Resulting
Plume

Source Source
Flux 

Natural Attenuation 
Capacity 

MNA in Groundwater

Source Source
Flux 

Natural Attenuation 
Capacity 

MNA for Vadose Zone/ Groundwater Systems

Vadose Zone
Natural Attenuation 

Adapted from Dresel et al. 2011. Environ. Sci. Technol.
Truex and Carroll. 2012.  PNNL-21815



Applications

Hanford 300 Area Example
Uranium waste solutions discharged to 
surface
Uranium plume adjacent to Columbia River

Remedy History
Initial remedial investigation/feasibility study 
led to excavation of waste trenches and MNA 
for the groundwater plume

Key assumption – uranium source could be 
removed with excavation

Monitoring showed that plume did not decline 
as expected
Remedial investigation and re-evaluation of 
conceptual model

Uranium source present in lower vadose zone 
contacted by seasonal water table rise 
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December



Applications

Current Situation
Remedy evaluation shows few viable source treatment options (large, 
complex site)

Consider active remedies
Assess end state in light of new conceptual model information and transient 
site conditions
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Monitoring Approach for Remedy 
Decisions Based on Predicted Performance

Model predictions for three 
scenarios

Base case natural attenuation
10% natural attenuation
No attenuation

Monitoring approach 
developed to compare 
observed concentration 
response to prediction 
scenarios

Evaluation at transect 
locations as early indication of 
performance
Enables monitoring of 
transient conditions
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Transect Wells

Compliance
Wells

Plume

Truex et al. 2007. Remediation Journal.



Conclusions

Examples of end state determination based on quantifying the 
subsurface and contaminant “system” and applying analyses to 
estimate potential future risk from contaminant conditions.

Very similar to MNA approaches
Enable remedy decisions and provide means to verify performance
Incorporate mass flux/discharge concepts

19



Acknowledgments

Funding for the work presented was provided by 
Department of Energy Office of Environmental Management
Department of Energy Richland Operations Office
Department of Defense ESTCP Program
NPC Services, Inc.

20



References

Brusseau, M.L., K.C. Carroll, and M.J. Truex, D.J. Becker. 2012. Characterization and Remediation of Chlorinated Volatile 
Organic Contaminants in the Vadose Zone: An Overview of Issues and Approaches. Submitted: Vadose Zone J.
Brusseau, M.L., V.J. Rohay, and M.J. Truex.  2010.  Analysis of soil vapor extraction data to evaluate mass-transfer 
constraints and estimate mass flux.  Ground Water Monitoring and Remediation. 30 (3): 57–64.
Carroll, K.C., M.J. Truex, M.L. Brusseau, K.R. Parker, R.D. Mackley, and V.J. Rohay. 2012. Characterization of Persistent 
Volatile Contaminant Sources in the Vadose Zone.  Accepted: Ground Water Monitoring and Remediation.
Carroll, K.C., M. Oostrom, M.J. Truex, V.J. Rohay, and M.L. Brusseau. 2012. Assessing Performance and Closure for Soil 
Vapor Extraction: Integrating Vapor Discharge and Impact to Groundwater Quality. J. Contam. Hydrol.128:71–82.
Dresel, P.E., D.M. Wellman, K.J. Cantrell, and M.J. Truex. 2011. Review:  Technical and Policy Challenges in Deep 
Vadose Zone Remediation of Metals and Radionuclides. Environ. Sci. Technol. 45(10):4207-4216.
Jansik, D., J. Istok, D. Wellman, and E. Cordova.  2012.  The impact of water content on the transport of Technetium in 
Hanford sediments. Submitted: Vadose Zone J. 
Oostrom, M, M.J. Truex, G.D. Tartakovsky, and T.W. Wietsma. 2010. Three-dimensional simulation of volatile organic 
compound mass flux from the vadose zone to groundwater. Groundwater Monitoring and Remediation. 30 (3): 45–56.
Truex, M.J., D.J. Becker, M.A. Simon, M. Oostrom, A.K. Rice, and C.D. Johnson.  2012.  Soil Vapor Extraction System 
Optimization, Transition, and Closure Guidance.  PNNL-21843 (in EPA clearance review).
Truex, M.J., K.C. Carroll, V.J. Rohay, R.M. Mackley, and K.R. Parker.  2012.  Treatability Test Report:  Characterization 
of Vadose Zone Carbon Tetrachloride Source Strength Using Tomographic Methods at the 216-Z-9 Site. PNNL-21326.
Truex, M.J. and K.C. Carroll.  2012.  Remedy Evaluation Framework for Inorganic, Non-Volatile Contaminants in the Deep 
Vadose Zone.  PNNL-21815.
Truex, M.J., M. Oostrom, and M.L. Brusseau.  2009.  Estimating Persistent Mass Flux of Volatile Contaminants from the 
Vadose Zone to Groundwater. Ground Water Monitoring and Remediation.  29(2):63-72.
Truex, M.J., C.D. Johnson, J.R. Spencer, T..P. Clement and B.B. Looney.  2007.  A Deterministic Approach to Evaluate 
and Implement Monitored Natural Attenuation for Chlorinated Solvents.  Remediation Journal. 17(4):23-40.

21


	DOE Case Studies: �End States for Vadose Zone Environments
	Outline
	Remediation End State Assessment�Volatile Organic Contaminants
	Impact of Remaining Vadose Zone Contaminants?
	Generalized Conceptual Model for �End State Assessment
	Quantifying the persistent source strength
	Determining Source Location:�Hanford Field Test
	Hanford SVE System Results:�Impact to Groundwater
	SVE Guidance and Calculation Tool
	Incorporating End State Considerations in Remedy Selection
	Applications
	Coupled Vadose Zone/Groundwater System�Non-Volatile, Inorganic Contaminants
	Vadose Zone Remedy Framework - Inorganics
	Vadose Zone Hydraulic Attenuation
	Coupled Vadose Zone/Groundwater System
	Applications
	Applications
	Monitoring Approach for Remedy Decisions Based on Predicted Performance
	Conclusions
	Acknowledgments
	References

