




	PFAS REMEDIATION TECHNOLOGY EVALUATION FRAMEWORK
Lines of evidence to assess the effectiveness of PFAS remediation technologies








1.0 Overview and Purpose of the Decision Framework

1.1 Summary and Purpose of the Framework
The purpose of the framework is to identify lines of evidence (LOE) and uncertainties related to the application of a treatment technology for PFAS remediation. The framework can be used to standardise the review of technology effectiveness and inform conclusions about technology risks and unknowns. The framework is not a quantitative method or a go/no-go decision maker. However, the framework can guide the evaluator to gather information needed to reach an informed site-specific recommendation.
1.2 Description of the Framework
[bookmark: _Hlk156138140]Section 1 of the framework outlines its summary and purpose and includes a conceptual diagram of the framework (Figure 1). As shown in the figure, the framework has two LOE categories: General Lines of Evidence and Technology-Specific Lines of Evidence. The General LOE category is comprised of 5 subcategories that are applicable to any treatment technology or treatment train. The Technology-Specific LOE category is comprised of 4 subcategories that are specific to the implementation of the technology, in situ or ex situ, and the media it is targeting, solids or liquids. For a standalone PFAS treatment technology, an evaluator will go through each of the General LOE subcategories and choose only one Technology-Specific LOE subcategory that corresponds to the proposed technology. For a treatment train, an evaluator will go through each of the General LOE subcategories for the treatment train system in its entirety and go through the Technology-Specific LOE subcategory that corresponds to each proposed individual PFAS treatment technology within the treatment train.
Section 2 of the framework includes checklists containing LOE and good practices. Each section of the checklist can be noted as “Applicable” or “Non-Applicable,” but not all LOE in an applicable category may be applicable to the specific technology being evaluated. There is a “Site-Specific Notes & Clarifications” box at the top of each section for general notes and clarifications pertaining to a section in its entirety. Each LOE in a section has four possible responses: high feasibility/known, intermediate feasibility/some information, low feasibility not known, or not applicable. There is a “Notes” box for each LOE and good practice to provide specific notes and clarifications. Note application sections can be collapsed for ease of framework navigation (see Section 4).
Section 3 of the framework provides space for the evaluator to summarise critical information gathered from the framework and to make a recommendation regarding field application of the technology or treatment train at the given site. The evaluator is prompted “The technology or treatment train is appropriate for implementation at the site” and the possible responses include yes, yes (after specific knowledge gaps are addressed), and no. The section also includes a “Notes and Knowledge Gaps” box for the evaluator to explain their recommendation.
Finally, Section 4 of the framework provides instructions on the Microsoft Word expand/collapse function incorporated in the framework. 
1.3 Expected Outcomes from the Framework


PFAS Remediation Technology Evaluation Framework
	
The framework guides an evaluator through prompts that identify LOE, good practices, and knowledge gaps for a PFAS treatment technology or treatment train specific to application at a site. Following completion of the checklists (Section 2), an evaluator should be able to make an informed recommendation on technology implementation. Note that responses of “intermediate feasibility/some information” and “low feasibility not known” do not necessarily indicate a technology is inappropriate for field application at the site but identify technology knowledge gaps and technology risks. These risks may be acceptable given site-specific consideration and stakeholder risk tolerance. This framework will not provide a quantitative decision on the technology or treatment train but allows for an evaluation and understanding of the applicability of the approach for its intended use and a subjective recommendation for technology application.
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Figure 1. Conceptual diagram of the remediation technology evaluation framework to assess PFAS remediation technologies. 	
2.0 Lines of Evidence Checklist
[bookmark: _Hlk51680045]A.1. Protection of Human Health and the Environment	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Lines of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology or treatment train can effectively treat the PFAS of concern to acceptable concentrations.
	☐
	☐
	☐
	☐

	
	Notes:
	
	
	

	2 – The technology or treatment train does not have an adverse impact on the environment.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – Construction, operation, and maintenance of the technology or treatment train does not pose an unacceptable risk to human health.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – The technology or treatment train effectively remediates the PFAS of concern and comprise a complete approach (i.e., proposed technology[s] are complementary and additional technologies are not needed).
	☐
	☐
	☐
	☐

	
	Notes:

	[bookmark: _Hlk131018581][bookmark: _Hlk131019713]5 – If disposal of PFAS-impacted media is required, an appropriate disposal site protective of human health and the environment is accessible.
	☐
	☐
	☐
	☐

	
	Notes:


B.1. Feasibility and Cost Effectiveness	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The estimated timeframe to achieve remedial objectives with the chosen technology or treatment train is acceptable.
	☐
	☐
	☐
	☐

	
	Notes:

	2 – Site access limitations for implementing the technology or treatment train are understood and manageable.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – The technology or treatment train is effective given the spatial location and extent of the PFAS-impacted material.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – Long-term studies evaluating this technology or treatment train with similar site conditions have been performed.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – Supply limitations of materials, equipment, and skilled labour have been considered and are acceptable.
	☐
	☐
	☐
	☐

	
	Notes:

	6 – Discharge permits, waste disposal, utility requirements and other site resources are understood for the technology or treatment train.
	☐
	☐
	☐
	☐

	
	Notes:

	7 – The site is adequately characterised to implement the technology or treatment train effectively.
	☐
	☐
	☐
	☐

	
	Notes:

	8 – The technology or treatment train performance and cost has been evaluated based on site-specific treatability studies or similar site conditions.
	☐
	☐
	☐
	☐

	
	Notes:

	9 – Technology or treatment train capital, operation, and maintenance costs are well understood.  
	☐
	☐
	☐
	☐

	
	Notes:

	10 – The technology or treatment train cost includes the cost of pre-treatment, post-treatment, or other technologies needed to meet remedial objectives (i.e., costs are comprehensive).
	☐
	☐
	☐
	☐

	
	Notes:

	11 – Post-remediation monitoring requirements are understood for the technology or treatment train.
	☐
	☐
	☐
	☐

	
	Notes:


C.1. Public and Regulator Acceptance	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology or treatment train has been previously and successfully employed at a site(s) within the regulatory framework. 
	☐
	☐
	☐
	☐

	
	Notes:

	2 – The consultant or vendor has previously and successfully employed the technology or treatment train at a PFAS site(s).
	☐
	☐
	☐
	☐

	
	Notes:
	
	
	

	3 – Public preferences regarding technology or treatment train selection and implementation are addressed (e.g., preference for a destructive technology, concerns over air emissions).
	☐
	☐
	☐
	☐

	
	Notes:

	4 – Access and operation restrictions (e.g., business, residential, transportation) during technology or treatment train implementation or operation are acceptable to stakeholders.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – Future site restrictions that may result from technology or treatment train employment are understood and are acceptable to stakeholders.
	☐
	☐
	☐
	☐

	
	Notes:

	6 – Permitting requirements for the technology or treatment train are understood.
	☐
	☐
	☐
	☐

	
	Notes:


D.1. Sustainability	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology or treatment train meets SuRF-UKs sustainability framework for site-specific implementation. 
	☐
	☐
	☐
	☐

	
	Notes:

	2 – Energy requirements from the technology or treatment train’s construction, operation, and maintenance are understood.  
	☐
	☐
	☐
	☐

	
	Notes:

	3 – Greenhouse gas emissions from the technology or treatment train’s construction, operation, and maintenance are understood.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – Passive or renewable energy sources can be used to power the technology or treatment train.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – Technology or treatment train chemical requirements (e.g., solvents) are understood. 
	☐
	☐
	☐
	☐

	
	Notes:

	6 – Waste generated from the technology or treatment train is acceptable (e.g., quantity, hazardous nature, disposal options).
	☐
	☐
	☐
	☐

	
	Notes:

	7 – The technology or treatment train does not adversely impact the natural state of the site (e.g., nutrient depletion, geochemical changes, erosion potential).
	☐
	☐
	☐
	☐

	
	Notes:

	8 – Technology or treatment train vulnerabilities associated with anticipated climate change impacts are understood.
	☐
	☐
	☐
	☐

	
	Notes:


E.1. Co-Contaminants, Mechanisms, and By-Products 	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology or treatment train can effectively treat PFAS in the presence of site co-contaminants, if present, including non-aqueous phase liquid (NAPL).
	☐
	☐
	☐
	☐

	
	Notes:

	2 – The technology or treatment train can effectively treat precursors for the PFAS of concern.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – The technology or treatment train does not volatilise PFAS of concern or captures and effectively treats volatilised PFAS of concern.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – The technology or treatment train does not produce hydrofluoric acid or effectively manages hydrofluoric acid.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – The technology or treatment train treatment kinetics and mechanisms are sufficiently understood.
	☐
	☐
	☐
	☐

	
	Notes:

	6 – A PFAS mass balance has been demonstrated for the technology or treatment train in a matrix similar to the site matrix.
	☐
	☐
	☐
	☐

	
	Notes:

	7 – If PFAS are transformed, PFAS are converted to fluoride or other inert terminal products.
	☐
	☐
	☐
	☐

	
	Notes:

	8 – The longevity and stability of technology or treatment train removal mechanisms are well understood.
	☐
	☐
	☐
	☐

	
	Notes:

	9 – Non-PFAS by-products, including volatile organic products, have been identified, quantified, and are acceptable for the site.
	☐
	☐
	☐
	☐

	
	Notes:


F.1. Ex Situ Liquids Technology Specific Lines of Evidence	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology is effective for the required liquids flow rate.  
	☐
	☐
	☐
	☐

	
	Notes:

	2 – The technology prevents transport of PFAS within the liquid media and to/from other media.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – The footprint of the treatment technology can be accommodated by the site.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – The technology is effective for PFAS given the liquid water quality, including organic content, inorganic constituents, pH, turbidity, and co-contaminants.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – The technology is effective given seasonal changes in conditions (e.g., groundwater levels, groundwater flow directions).
	☐
	☐
	☐
	☐

	
	Notes:

	6 – The approach effectively contains or otherwise mitigates the source of PFAS to the liquids (e.g., saturated soils, infiltration through vadose zone).
	☐
	☐
	☐
	☐

	
	Notes:

	7 – The technology does not require pre-treatment (e.g., particle filtration, organics removal) or pre-treatment has already been incorporated into the proposed approach.
	☐
	☐
	☐
	☐

	
	Notes:

	[bookmark: _Hlk156137954]8 – The technology does not require post-treatment (e.g., neutralization) or post-treatment has already been incorporated into the proposed approach.
	☐
	☐
	☐
	☐

	
	Notes:

	9 – Discharge options (e.g., reinjection, surface water discharge, wastewater treatment plant discharge) have been evaluated and the proposed option is feasible. If waste material leaves the site, risk and potential liabilities associated with waste handling and placement are understood.
	☐
	☐
	☐
	☐

	
	Notes:


F.2. Ex Situ Solids Technology Specific Lines of Evidence	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence 
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – Excavation-related risks such as dust generation and materials handling have been satisfactorily addressed.
	☐
	☐
	☐
	☐

	
	Notes:

	2 – The technology is effective for the volume of solids requiring treatment.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – The technology is effective for PFAS treatment given the organic matter content, grain size distribution, moisture content, porosity, or other characteristics of the soil or sediment.
	☐
	☐
	☐
	☐

	
	Notes:

	[bookmark: _Hlk157001786]4 – The solid material does not require pre-treatment (e.g., dewatering, amendments) or pre-treatment has already been incorporated into the proposed approach.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – The solid material does not require post-treatment or post-treatment has already been incorporated into the proposed approach.
	☐
	☐
	☐
	☐

	
	Notes:

	6 – The footprint of the treatment technology can be accommodated by the site.
	☐
	☐
	☐
	☐

	
	Notes:

	7 – Reuse or disposal options for the treated solids are understood. If solid media leaves the site, risk and potential liabilities associated with solids handling and placement are understood.
	☐
	☐
	☐
	☐

	
	Notes:


F.3. In Situ Liquids Technology Specific Lines of Evidence	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence 
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology is effective for PFAS given the liquid water quality, including organic content, and co-contaminants.
	☐
	☐
	☐
	☐

	
	Notes:

	2 – The technology is effective given the transmissivity/permeability of the aquifer material.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – If the technology involves adding/mixing media, there are not long-term degradation concerns or these have been addressed through long-term monitoring and contingency plans.
	☐
	☐
	☐
	☐

	
	Notes:

	4 – The technology prevents transport of PFAS within the liquid media and to/from other environmental media.
	☐
	☐
	☐
	☐

	
	Notes:

	5 – The technology is effective at ambient temperatures or heating requirements and controls are understood and practical.
	☐
	☐
	☐
	☐

	
	Notes:

	6 – The technology is effective given seasonal changes in conditions (e.g., groundwater levels, groundwater flow directions).
	☐
	☐
	☐
	☐

	
	Notes:

	7 – The technology effectively mitigates the source of PFAS to the liquids (e.g., upgradient groundwater, vadose zone soil).
	☐
	☐
	☐
	☐

	
	Notes:


F.4. In Situ Solids Technology Specific Lines of Evidence	 ☐ Applicable   ☐ Not Applicable
	Site-Specific Notes & Clarifications:  


	Line of Evidence 
	High Feasibility / Known
	Intermediate Feasibility / Some Information
	Low Feasibility / 
Not Known
	Not Applicable

	1 – The technology is effective for PFAS treatment given the organic matter content, moisture content, and porosity of the soil or sediment.
	☐
	☐
	☐
	☐

	
	Notes:

	2 – If the technology involves adding/mixing media into soils, there are not long-term degradation concerns or these have been addressed through long-term monitoring and contingency plans.
	☐
	☐
	☐
	☐

	
	Notes:

	3 – Dust generation is not expected or will be addressed via dust control measures and dust monitoring.
	☐
	☐
	☐
	☐

	
	

	4 – The technology is effective at ambient temperatures or heating requirements and controls are understood and practical. The technology is effective given seasonal changes in conditions (e.g., groundwater levels).
	☐
	☐
	☐
	☐

	
	Notes:

	5 – The technology prevents PFAS transport from the soil or sediment to surface water, groundwater, or other media.
	☐
	☐
	☐
	☐

	
	Notes:




3.0 Technology or Treatment Train Evaluation Summary and Recommendation
Technology or Treatment Train Evaluation Summary and Recommendation	 
	Recommendation
	Yes
	Yes, after specific knowledge gaps are addressed
	No

	The technology or treatment train is appropriate for implementation at the site. 
	☐
	☐
	☐

	
Notes and Knowledge Gaps:


4.0 Instructions for Expand/Collapse Function

Step 1: Use the “expand/collapse” function (a commonly used Microsoft Word function for headings)
· Click anywhere in the document so your cursor is “in” the document
· Hover your cursor over any section heading that has an orange alphanumeric, such as “A.1” in this screenshot:

[image: ]

· [bookmark: _Hlk54616533]When you hover, see the “clickable” black triangle to the left of the heading. Click this triangle a few times to toggle between the “expanded” and “collapsed” formats. 
· FYI – All the sections with an orange alphanumeric in the heading are “collapsible/expandable.”
· FYI – If you were to save and close the document now, then re-open it, the sections you just collapsed by clicking the arrow would appear open again (i.e., “expanded”). Step 2 explains how to keep sections collapsed in a saved document.

Step 2:  How to keep a section collapsed in a saved document – the “Collapsed by default” checkbox (in Microsoft Word)
· Place your cursor (click anywhere) in the heading of section A.1.
· Then (while in the “Home” tab in Microsoft Word) open the “Paragraph” dialogue box (click the arrow at the lower right of the “Paragraph” group in the toolbar at the top).
· At the upper right of the Paragraph dialogue box (in the “Indents and Spacing” tab), place a check in the “Collapsed by default” checkbox, then click “OK.” 
· FYI – When you opened the document, all the “Collapsed by default” checkboxes—one for each heading--were unchecked. This is why all of the “collapsible sections” in the document were visible—not collapsed--when you first opened the document.
· FYI – When you use the “collapse/expand” toggle function (little black arrow) and when you “collapse by default”, you don’t lose any content you may have entered in that section. If you collapse something by mistake, just open it back up (black arrow) and uncheck “collapse by default.”
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