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1. Introduction and Background

◼ GSI PFAS Investigation Challenges

◼ Need for Investigation Approach

2. PFAS GSI Investigation Framework

◼ Baseline Conceptual Site Model (CSM)

◼ Phased Approach Elements

◼ Method Selection Strategy

3. Case Study

◼ Site Context and Approach

◼ Findings and Updated CSM

◼ What Worked and What to Improve

Agenda

GSI – Groundwater-Surface Water Interaction

PFAS = per- and polyfluorinated alkali substances
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Objectives

1. Present a systematic framework for addressing common GSI 

investigation challenges at PFAS sites a through phased 

investigation approach and robust CSM development.

2. Demonstrate method selection strategies that align 

investigation tools with site-specific conditions to achieve 

defensible, efficient outcomes.
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Background
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Understanding the Challenge: Why Structured GSI PFAS Investigations Matter
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Challenges

Multiple

Sources

PFAS

Complexity

Pathways

Scale-

Heterogeneity

Distribution & Migration- widespread distribution, co-mingled plumes, offsite migration

Source Complexity- historical release timeframes, multiple source areas, active source release

Pathways- groundwater, storm sewer, seeps, wind 

Interface Dynamics- transformation, mixing zones (hyporheic), sediment interaction

Spatial Variability- heterogeneity, variability along flow paths

Temporal Variability- seasonal fluctuations, storm events, climate

Chemical Properties- ionic forms, transport behavior, partitioning

Regulatory Framework- low screening levels, exceedances with small magnitude discharge
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Approach

Phased Framework- start small, manageable actions, break down complexity, data gaps

Method Strategy- spatial/temporal alignment, multiple lines of evidence, aligned with site setting

Expertise- hydrogeologist, hydrologists, SMEs, project/data managers 

Team Dynamics- skilled evaluation, quality, defensible outcomes, efficient investigations

Integration- aligned SOW, stakeholder collaboration, regulator coordination, logistics, data manage

DQO Process- clear objectives in work plan, methods, quality control

Results- defensible findings, efficient resource use, regulatory acceptance, actionable data

Deliverables- robust CSM updates, support for modeling and feasibility studies

Quality

Outcomes

Qualified

Team

Systematic

Process

Phased

Investigation
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PFAS GSI Investigation Framework

Develop

Team

Baseline

CSM

SOW

Method

Selection

Work

Plan

Data

Evaluation

Update

CSM

Identify

Data

Gaps

“Build strong 

foundation with 

expertise”

“Define the system and deficiencies 

before investigating it”

“What questions 

must be answered?”

“Strategic tools, 

appropriate scale, 

optimal timing”

“Blueprint for success: 

Quality design through 

DQOs”

“Evaluate, validate, 

interpret – turn data 

into decisions”

“The CSM is a living 

document: test, learn, 

update, repeat”

“Uncertainty reveals the path 

forward – the cycle continues 

until goals are met”

Recommended Reference Literature: Conant Jr, B., Robinson, C.E., Hinton, M.J. and Russell, H.A., 

2019. A framework for conceptualizing groundwater-surface water interactions and identifying 

potential impacts on water quality, water quantity, and ecosystems. Journal of Hydrology.

SOW – Statement of Work

DQO – Data Quality Objective
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CSM Essentials

Typical Baseline 

CSM

(Often 

Inadequate)

✓ Climate

✓ Source Area

✓ Plume Extent

✓ Geology/Hydro- 

geology

✓ Groundwater 

Flow

Baseline

CSM

GSI-Specific CSM

(Minimum Required)

✓ Surface Water Hydrology

✓ Preferential Pathways

✓ Hydraulic Connection

✓ Background Contribution

✓ Mass Flux/Discharge

✓ Temporal Variability

✓ Anthropogenic 

Influences/Elements

✓ Plume Transport - GSI

✓ PFAS-Specific 

Characterization

Updated

CSM

Limited in supporting GSI evaluations Comprehensive Understanding

✓ Precursor transformation

✓ Seasonal concentration 

reversals

✓ Non-equilibrium sorption 

dynamics

✓ Chain length mobility 

gradient

✓ Foam formation & 

transport

✓ Mass flux variability

✓ Sediment sink-source 

dynamics

examples
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Scope of Work to Methods

SOW Foundation

▪ Review CSM

▪ Research Questions

▪ Identify Data Gaps

▪ Investigations Goals

▪ Preliminary Methods

Method Selection Strategy

▪ Align to Objectives and Setting

▪ Navigate Method Complexity

▪ Maintain Strategic Focus

7 Step 

DQO Process

Problem Goal Inputs Boundaries Analytics Acceptance Plan

USEPA UFP-QAPP
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Method Selection Strategy

SOW and 
Objectives

Project Goals

Method 
Selection

Evaluate 
Methods and 
Path Forward

Work Plan

Simplify Complex Sites

Into Phases

Align with stakeholders to build 

consensus

2022 USGS GSI Method Selection Tool (GW/SW-MST)

Hammett, S., Day-Lewis, F.D., and Trottier, 
B.R., 2021, U.S. Geological Survey Software 

Release for the GW/SW-MST: A 

Groundwater/Surface-Water Method 
Selection Tool, v1.0: U.S. Geological Survey 

Software Release, 27 January 2022.
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Example Case Study

◼ Site Context

◼ Location: Southeastern U.S. coastal plain region

◼ Setting: Multiple surface water settings - kettle 

ponds, streams, wetlands

◼ Contaminants: PFAS groundwater plume from 

historical AFFF fire training area

◼ Key Features

◼ Humid climate (50-inches annual precipitation)

◼ Highly permeable glacial outwash aquifer

◼ Flow-through kettle pond

◼ Downgradient surface water, residential and agricultural 

land use

◼ Investigation Timeline:

◼ Initial PFAS Detections: 2014

◼ RI and Supplemental Phases: 2015-2024

AFFF Source Area

PondGroundwater Flow
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Example Case Study

◼ Team & Planning
◼ Qualified multidisciplinary team (hydrogeologists, engineers, 

chemists)

◼ Phased investigation approach

◼ DQO process using UFP-QAPP worksheets

◼ Clearly defined investigation objectives and data gaps

◼ Baseline to Updated CSM Development
◼ Existing hydrogeologic framework well-established from 

legacy contaminant investigations

◼ GSI-specific elements added:

◼ Comprehensive groundwater monitoring (lateral/vertical 

distribution)

◼ Multi-depth surface water and co-located sediment sampling

◼ PFAS fingerprinting for source attribution

◼ Particle tracking and calibrated transport modeling

◼ Standard analytical methods, data evaluation procedures, 

and standardized reporting through technical updates and RI 

deliverables

AFFF Source Area

Pond
Fill

Sandy Glacio-Fluvial

Shale Bedrock

Till

Silt

PFAS Migration

Downgradient Surface 

Water Bodies and 
Private/Irrigation Wells
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Example Case Study

✓ Successful Elements

✓ Well-defined project team with 

appropriate expertise

✓ Clear investigation methods 

aligned with regulatory drivers

✓ Multiple methods provided 

defensibility

✓ Phased approach managed 

complexity

✓ PFAS fingerprinting confirm 

source 

✓ Data used in calibrated 

groundwater flow model 

supported additional 

evaluations

Further develop GSI-specific CSM elements:

• Quantification of temporal variability in exchange (seasonality, 
precipitation response)

• Assessment of anthropogenic influences on GSI (e.g., stormwater 
infrastructure)

Applied methods for additional defensibility and 
quantification:

• Direct flux measurements using seepage meters on up and downgradient 
portion of the pond

• Quantification of mass discharge to and from the pond

• Temperature-based or tracer-based methods to map focused areas of 
recharge and discharge

Opportunities for Improvement
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Key Takeaways

1. Qualified Teams → Expertise drives quality

2. Phased Approach → Manages complexity systematically

3. Strategic Methods → Align tools to setting and objectives

4. Quality Process → DQOs ensure quality and defensible results

5. End Goals → Enable progress with optimal resources

Success = Expert Collaboration + Systematic Planning
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Questions?

Questions?
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