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Issue:  Getting to Closure Often Challenging



Reasons (Examples)

• poorly defined remedial objectives (e.g., bulk vs. 
composition)

• knowledge of the conceptual model and the 
science

• lack of confidence in natural attenuation
• insufficient data – not knowing what data to 

collect/when

• “non-technical”  
• future land use
• responsible party’s obligation, regardless



Understanding Remedial Objectives



GW Attenuation Studies (COPCs): “BIG DATA”
• 12,000+ sites w/ electronic data
• 2 million GW samples; 157,000 MWs
• electronic data from 2001 and after

• attenuation rates for key COPCs 
• how do they compare?
• which COPCs drive risk?
• have they changed over time?

• key factors that affect attenuation 
rates

• LNAPL recovery
• types of remediation technologies



Approach: Source Zone Attenuation Rates

PROCESS THE DATA
• sites w/at least 5 yrs of concentration data
• extract maximum site-wide concentrations 

over six-month periods 
• 1000s of sites w/ groundwater data
• 2,253 sites w/ residual LNAPL
• 972 sites w/ mobile (or migrating) LNAPL

• calculate the source attenuation rate - ksource

• assess effects on ksource



Median GW Source Area Concentrations over Time



Median GW Source Area Concentrations over Time

From McHugh et al. (written communication – 2019)



Attenuation Rate Summary For Key COPCs



Attenuation Rate Summary For Key COPCs



Plume Lengths*
* greatest distance between well w/highest COPC concentration and well w/ COPC concentration > ND



Plume Stability



Similar Studies Used to Support US Regulation
(California Low-Threat Tank Closure Policy – 2012)



Similar Studies Used to Support US Regulation
(California Low-Threat Tank Closure Policy – 2012)

From: California State Water Resources Control Board (2018)



Slower Attenuation Rates At Sites with Mobile LNAPL



Impact of LNAPL Recovery at Sites with Mobile LNAPL 
Over 10 Years



Effect of Remediation Technology on Source 
Attenuation Rate



Knowing What Data to Collect… When



Numerous Tools Exist



Remedial Technology       
(e.g., SVE) Fact Sheets

• GOAL: more systematic, multiple lines 
of evidence approach to support 
transition

• transition (& performance) metrics, 
e.g., 

• subsurface concentrations approaching 
asymptote or regulatory criterion

• extraction-well concentrations and/or 
mass-removal rates approaching 
asymptote

• rebound tests
• mass removal rate comparable to or < 

NSZD rate
• SVE mass removal rate approaching 

asymptote while GHG emissions and/or 
cost per unit mass removal increasing



Conclusions

• hydrocarbon generally remains despite best efforts to recover/remediate
• must rely on natural attenuation to reach risk-based clean-up goals   

(drinking water standards) w/in a reasonable timeframe
• attenuation rates of petroleum hydrocarbons are well documented 

• rates relatively consistent for wide-range of key COPCs
• rates are significant (most plumes stable or decreasing)
• few petroleum hydrocarbon plumes extend beyond 150 m
• rates are not significantly increased by hydraulic LNAPL recovery

• science can be used to underpin regulations that prevent risks to human 
health and the environment and focus limited resources on sites that 
matter most


