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• Updated guidance is needed to incorporate best practices that 
minimize uncertainties in data collection and interpretation. 

• Should consider range of site conditions based on soil types and 
climate, and a more standardized set of best practices and tools.

• The new tiered approach provides an updated framework for 
determining SSLs that will address an immediate need for technical 
direction in scoping and conducting the next phase of PFAS RIs.
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Objectives
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• Step 1 – Site-Specific Screening, Recharge & Mass Discharge Evaluations
⚬ 1a – If amenable to lysimeters and porewater available, estimate recharge, conduct mass 

discharge evaluation
⚬ 1b – If amenable to lysimeter and porewater not available, install minimum # of lysimeters, 

estimate recharge, conduct mass discharge evaluation

• Step 2 – Pre-Installation Monitoring, Lysimeter Installation & Sampling

• Step 3 – Site-Specific DAF Estimation

• Step 4 – SSL Determination

⚬ Option 1 – Linear Regression Using Paired Soil and Lysimeter Porewater Sampling Results

⚬ Option 2 – PFAS-LEACH Modeling Tool

⚬ Option 3 – Hybrid Approach
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Roadmap of the Updated Approach
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• Site setting and climate
⚬ Evaluate viability for lysimeter investigations based 

on climate category and depth to groundwater
⚬ Support recharge and mass discharge evaluations

• Geology and soil type
⚬ Focus on dominant soil type
⚬ Supports estimates of Ksat and van Genuchten 

parameters (pedotransfer functions, Web Soil Survey)
⚬ Supports lysimeter data evaluation and modeling 

phases

• Groundwater table
⚬ Significant influence on viability of lysimeter 

investigations
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Site-Specific Screening

12 Basic Soil Classes (USDA)
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Site-Specific Screening (cont’d)

GWT = groundwater table
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• Recharge is a significant component of downward PFAS mass flux from the 
vadose zone to groundwater

• 40 methods summarized in Newell et al. (2023)
⚬ Tier 1 – Low complexity, low cost 
⚬ Tier 2 – Advanced tools, moderate cost
⚬ Tier 3 – Complex assessments, high cost
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Recharge Evaluation
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• Required as part of 7-Step DQO process 
for UFP-QAPP Worksheet #11 

• Vadose zone mass discharge
⚬ Annual precipitation, infiltration, porewater 

concentrations from source area, soil 
delineation boundary

⚬ Thiessen polygon or PFAS-LEACH data 
modeling approaches

• Groundwater mass discharge 
⚬ Groundwater concentrations, hydraulic 

conductivity (K), horizontal hydraulic 
gradient (i), impacted cross-sectional area 
(A)

9

Mass Discharge

Vadose Zone Mass Discharge

Source: Newell et al. (2023)

Groundwater Mass Discharge

DQO = data quality objective
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• Planning and design

• Capillary fringe estimation

• Pre-installation monitoring
⚬ Soil sampling and analysis
⚬ Groundwater table monitoring
⚬ Paired tensiometers
⚬ Soil moisture probe

• Lysimeter installation and sampling
⚬ Co-located soil and porewater
⚬ Minimum of 10 lysimeters per installation

• Additional lysimeter siting
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Guidelines for Lysimeter Investigations
Key Recharge Processes (Healy, 2010)
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• Focused additional data evaluation based on lessons learned
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Guidelines for Lysimeter Investigations, cont’d

Correction of porewater sampling 
results using bromide tracer

Statistical modeling with linear regression
− Exploratory data analysis (EDA)
− Evaluation of linear regression models and assumptions
− Sample size and high-leverage points
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Guidelines for Data Modeling
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Guidelines for Data Modeling, cont’d
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• Model inputs
⚬ Site soil properties, site conditions, PFAS properties, groundwater dilution, and PFAS soil 

concentrations
− Module0 – base model for quantifying PFAS leaching and deriving SSLs
− Module1 – adds the capability of parameter sensitivity analysis with left/right bound deviation from a median value
− Module2 – adds the additional capacity for conducting Monte-Carlo-type uncertainty analysis on input parameters

• Model outputs:
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Guidelines for Data Modeling, cont’d

Algebraic solution

Analytical solution
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Data Collection Summary

LI = lysimeter investigation
DM = data modeling

TOC = total organic carbon
Foc = fraction or organic carbon
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• Prioritized list of SSL selection:

⚬ Option 1 – Linear Regression Using Paired Soil and Lysimeter Porewater Sampling Results

⚬ Option 3 – Hybrid Approach

⚬ Option 2 – PFAS-LEACH Modeling Tool

• A PFAS anthropogenic background soil concentration for each PFAS compound with an 
MCL, TSL or RSL should be estimated based on available information. 

⚬ If background > site-specific SSL, use background concentration to define response action for 
soil.
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Soil Screening Level (SSL) Selection
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• Poorly understood complexities related to multi-phase retention of PFAS
⚬ Rate-limiting desorption-adsorption kinetics (non-equilibrium processes)
⚬ Precursor transformation effects on desorption-adsorption kinetics
⚬ Standardized batch desorption laboratory procedures
⚬ Metal oxide and oxyhydroxide retention
⚬ Efficacy of PFAS leaching evaluations in fractured bedrock
⚬ PFAS sorptive losses to silica flour and/or ceramic suction lysimeter cups
⚬ Impact of a fluctuating groundwater table
⚬ Specific effects of heterogeneities on accelerated downward PFAS migration
⚬ Appropriate sample volume for evaluation of bromide tracer dilution
⚬ Use of multi-level lysimeters, microlysimeters and multichannel tubing (CMT) for 

porewater collection
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Data Gaps and Continued Research
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• Additional refinements are expected based on feedback from targeted external 
reviewers

• For additional information, please contact Noblis:

⚬ Matthew Spurlin, MS (Matthew.Spurlin@noblis.org)
⚬ Michael Barba, MS (Michael.Barba@noblis.org)
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Next Steps

mailto:Matthew.Spurlin@noblis.org
mailto:Michael.Barba@noblis.org
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