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How Should We Approach PFAS Site Cleanup?

Three Prioritization Scenarios
› Intensive: Do it Right the First Time 
 

›Efficient: Work Fast, Move on

›Standard:  Middle of the Road

Can we forecast which Prioritization Scenario reduces risk the 
most-est the fastest?

3 3 4 4

1 1 2 2

11

1 1 2 2

2



Key Assumptions and Disclaimers
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1. We use Environmental Business Journal’s “PFAS Working Model”:  
• $67 billion remediation spending over 30 years for ~10,000 key PFAS sites

2. Risk is proportional to concentration
3. Remediation cost & performance based on Order of Magnitude (OoMs)
4. Queue of 10,000 PFAS sites (modeled as 100 tranches)
5. But we can decide if we remediate efficiently vs. intensively*
6. The forecasts you are about to see are likely going to be wrong….



Environmental Business Journal 
“PFAS Working Model”

› ~10,000 key PFAS 
remediation sites 
(e.g., AFFF, 
manufacturing, 
superfund, refineries)

› Estimated remediation 
cost between $1 and 
$95 million per site 

› PFAS remediation 
spend for these sites:  
$67 Billion over next 
30 years

https://ebionline.org/environmental-business-journal-2/ 4



Risk is Proportional to PFAS Concentration

› Navy 26 AFFF Sites Plume-a-thon 
Study (Kulkarni et al., 2025)
Maximum PFOS Concentration in Plume & OoMs         

                           (ng/L)                   OoMs*
Minimum 76 1.3

25th Percentile 2,000 2.7
Median 17,800 3.6

75th Percentile 80,000 4.3
Maximum 3,700,000 6.0
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*OoMs to get to 4 ng/L



Order-of-Magnitude Framework for Remediation
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Remediation people live 
in an OoM world

GSI Plume-a-thon Study 
(forthcoming)

Freeze and Cherry, 1979

10 ng/L

100 ng/L

1000 ng/L

This Forecast:  
Remediation performance goes up 
by an order of magnitude for each

remediation level

This 
Remediatio
n Level…

Reduces PFAS 
Concentrations by This 

Many OoMs
Efficient 1 OoM (90%)

Standard 2 OoMs (99%)
Intensive 3 OoMs (99.9%)

6PFAS Plume Map



Three Remediation Levels
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Examples 
of three 

remediation 
levels

EFFICIENT:  
• Contain to 1000 ng/L contour
• No source removal

STANDARD:  
• Contain to 100 ng/L contour
• Hot spot source removal

INTENSIVE:  
• Contain to 10 ng/L contour &
• Full source removal
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Containment vs. Mass Removal
› PFAA plumes not likely degrading 

in groundwater
› Source remediation may not 

decrease risk at downgradient 
edge of the plume

”Has the horse already left the barn?” 8

In Year 2020

Kulkarni et al, 2022



Types of PFAS Sites, Concentrations, and 
Remediation Cost

DOD AFFF Sites

Airports: Major

Refineries

NPL: Superfund

Airports: Regional
Manufacturing Sites Using 

PFAS
RCRA Corrective Action

DOD Other
Fire/Emergency Response 

Sites
Civilian Agencies

Key Site 
Types

(EBJ, 2024) Category # Sites

Median 
Conc./Risk

(ng/L)

Remediation Cost 
(Efficient/Std./Intensive)

(Million $ per site)

Major 700 20,000 $ 9.5 / $30 / $95

Moderate 4700 5,000 $2.2 / $7 / $22

Minor 4900 1,000 $ 0.9 / $3 / $9
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Remediation Prioritization Forecast Model

› Key features:
› Semi-random queue of ~10,000 Major, 

Moderate, Minor Sites
› We choose which strategies by site type
› Randomized site concentrations
› Remediation budget per year
› Total risk magnitude

› How many sites can be addressed 
annually?

› Which strategies are more effective for 
risk reduction?
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ative Risk Proxy for 10,000 PFAS Remediation Sites 
er Next 30 Years
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› Intensive remediation for 
Site 1 then Site 2 then 
Site 3 then Site 4…

› Spend each year until 
“after the money is gone.”*

* Talking Heads, 1980



Relative Risk Proxy for 10,000 PFAS Remediation Sites 
Over Next 30 Years

› Intensive remediation for 
Site 1 then Site 2 then 
Site 3 then Site 4…

› Spend each year until 
“after the money is gone.”*

* Talking Heads, 1980

Intensive: Don’t stop believing you can get to 4 
ng/L…
Major Site Cost:  $95 million
Moderate Site Cost: $22 million
Minor Site Cost:  $9 million



› Intensive remediation for 
Site 1 then Site 2 then 
Site 3 then Site 4…

› Standard Strategy for 
all sites

Standard: Hybrid contain, 
remove
Major Site Cost:      $30 million
Moderate Site Cost: $7.0 million
Minor Site Cost:     $3 million

Relative Risk Proxy for 10,000 PFAS Remediation Sites 
Over Next 30 Years



Relative Risk Proxy for 10,000 PFAS Remediation Sites 
Over Next 30 Years

› Intensive Strategy 
until the money is gone

› Standard Strategy for 
all sites

› Efficient Strategy until 
there are no more sites 
in the 10,000 site 
queue

Efficient: Focus on containment
Major Site Cost:        $9.5 million
Moderate Site Cost:  $2.2 million
Minor Site Cost:        $0.9 million

Finish remediating 
all sites at 15 

years; only 32% of 
budget used



Discussion

This forecasts suggests we should focus on containing 
PFAS for the next 15 years, then work on mass removal?
› Could this possibly be right?  
› Where could it be wrong?
› But is this useful?

› Are there better strategies?

15https://commons.wikimedia.org/wiki/File:Crystal_ball_by_Ron_Bodoh.JPG



Discussion
Two more scenarios (and then I promise I will stop):  

“Throw More Money 
At It”

“Technology Changes 
Everything”
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Two more scenarios (and then I promise I will stop):  



Relative Risk Proxy for 10,000 PFAS Remediation Sites 
Over Next 30 Years

Finish remediating 
all sites at 15 

years; only 32% of 
budget used

Intensive but we…

Double the Annual 
Remediation 
Budget



Relative Risk Proxy for 10,000 PFAS Remediation Sites 
Over Next 30 Years

› Efficient Scenario

› Improve the 
Technology w/10x 
more removal for 
Efficient scenario, 
starting in 10 years 
(“J. Cook 
Scenario”)



Conclusions
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X
X X

› We have a long way to go…
› If forecast is correct, efficient strategy is best way 
› But what do you think?

https://commons.wikimedia.org/wiki/File:Snowy_forest_path_at_sunset.jpg



Questions?
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Open Access, Remediation Journal.  

Search “Long Way to Go” ”Remediation”



QUESTIONS?
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Charles J. Newell
GSI Environmental Inc,
cjnewell@gsi-net.com

Contact Us



Estimated Remediation Cost: 
 $104 BillionSalvatore et al. 2022:  57,000 sites 23



DoD Remediation Cost: 
 ~$25 Billion 24
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