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DoD’s Environmental Technology Programs

& SERDP

DOD = EPA = DOE

Science and Technology Demonstration and Validation
o Statutory program established 1991 o Demonstrate innovative cost-effective
« DoD, DOE, EPA partnership environmental and energy technologies
¢ Advanced technology development to ¢ Transition technology out of the lab
address  near-term needs ¢ Establish cost and performance
¢ Fundamental research to impact real ¢ Partner with end user and regulator
world environmental management ¢ Technology transfer

= Accelerate commercialization or broader
adoption

= Direct technology insertion
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PFAS in the “I
Environment

www.serdp-estcp.org




Major Lines of R&D & Demonstration Efforts

on PFAS

e Cleanup of PFAS
« Treatment technology development & assessment
« Sampling and analysis
» Fate and transport
 Ecotoxicity

 AFFF Replacement
« Development & demonstrations of PFAS-free firefighting formulations

 Ecotoxicity
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Research Impetus

* Develop, validate, and commercialize technologies to improve
management and treatment of PFAS in the environment

« Successful projects implement cost-effective and efficient
approaches
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Conceptual Site Model

Groundwater Wellhead Drinking
Treatment Water Treatment
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Systematic Efforts on PFAS

Management

ERDP

D= EPA = DOE

SERDP is the DoD’s environmental and resilience
science and technology program, planned and
executed in partnership with the DOE and the EPA,
with participation by numerous other federal and non-
federal organizations. SERDP invests across a broad
spectrum of basic and applied research, as well as
advanced development.

Research and Development

ESTCP is the DoD’s environmental,
resilience, and installation energy and
water technology demonstration and
validation program. ESTCP
demonstrations collect cost and
performance data to overcome the
barriers to employ an innovative
technology because of concerns
regarding technical or programmatic
risk, the so-called “Valley of Death.”

Contracting mechanism that allows federal
agencies to streamline prototype development
and production.

@

Commercialization



SERDP & ESTCP Efforts on PFAS

[In Situ Remediation (3)

FY11 FY12  FY13 FY14  FY15 FY16 FY17  FY18 FY19 FY20  FY21  FY22 FY23 FY24  FYy25 FY26 FY27  FY28 FY29



SERDP & ESTCP Efforts on PFAS
peas workop

Long Term Mgmt

Workshop

In Situ Rmediation 5

Ecotoxicity (4

In Situ Rmediatio 3

"EPA published provisional
health advisory for PFOS
& PFOA in January 2009

PFAS Workshop

{ Mixed Chemicals (5

Mixture

IDW Treatment (18)
Knowledge Gaps (6)

[SourceZones(s) ¥
[ In Situ & Ex Situ Treatment (11)  J§
[ Sampling & Analysis (5) |
| Ecorisk Assessment (4) |
[ DoD & EPA Multi-Lab Validation

FY11 FY12 FY13 FY14 FY15 FY16 FY17

Training: Occurrence/Analytics
Nature & Extent of PFAS
Persulfate Oxidation and P&T

|

Avian Ecotoxicity (3
v' | Marine Ecotoxicity (6
‘ | Treatment (27
| Enhanced PFAS-Free Agents (11
. ‘: Thermal Deg Ponmrlc PFAS in Munitions ]
(8)

| Biodegradation (5 0
( " Treatment: Destructive Technologies
| Passive Samplers (8 ;

[ Leaching & Mobility (1

[ Ecotox: PFAS-Free Firefighting
| Agents (6

PFAS Workshop

Thermal Destruction (11 7
Amendment Effectiveness (8

Ecotoxicity (4

Sampling & Analysis

Treatment: Concentration Technologies

(Fate&Transport ]
[ sel-Assembly Behavior |
[ Testing & Training: PFAS-Free Firefighting Agents
[Evance PPAS FrosAgorts |

Development: PFAS-Free Coatings

Field Demonstrations: Treatment

Real Time Analytical Methods

Field Demonstrations: Treatment

(2)
PFAS-Free AFFF Dem/Val (4)

PFAS-Free AFFF Dem/Val (5)

FY18 FY19 F20 FY21 FY22

Development: PFAS-Free Firefighting
| Agents (9)

| Treatment & Monitoring Demos (8)
v PFAS-Free AFFF Dem/Val (2)

Monitoring & Characterization (2)
Firefighting System Cleaning (6)

Field Demonstrations: Treatment (6)
Treatment & Monitoring Demos (11)

FY23

Technology Transition (3)
| Monitoring & Characterization Demos (4)
Field Demonstrations: Treatment (17)

FY28

FY26

FY24  FY25 FY27

FY29




SERDP & ESTCP Efforts on PFAS

Long Term Mgmt
Workshop

In Situ Remediation (3

EPA published provisional
health advisory for PFOS
& PFOA in January 2009

In Situ Remediation (5

PFAS Workshop

Ecotoxicit

{ Mixed Chemicals (5
| Next Gen AFFF (3)

PFAS Workshop

[ Thermal Destruction (11

j IDW Treatment (18)

1 Enhanced PFAS-Free Agents (11
Knowledge Gaps () [ Thermal Deg Pol PFAS in Munit
NIST AFFF Standards { erma eg Fo ymrlC In Munitions

Transformation in Soil & Groundwater (13)

| Stormwater Management (4

| AFFF-Impacted Concrete & Asphalt

; Samoling & Analvsis (5 Perfc.)rmance: PFAS-Frefe F.|ref|.ght|ng Agents (7)
‘ | Testing: PFAS-Free Firefighting Agents (2)

| In Situ & Ex Situ Treatment (11
| Stormwater Impacts (3

| Ecorisk Assessment (4) |

[ Biodegradation (5) |
[ Passive Samplers (8) |
[ Leaching & Mobility (1) |

[ Ecotox: PFAS-Free Firefighting
| Agents (6

Since 2011, over 300 |
projects funded, with over |
$300M invested f

FY11 FY12  FY13 FY14  FY15

FY16

Training: Occurrence/Analytics

Nature & Extent of PFAS
Persulfate Oxidation and P&T

FY17

Development: PFAS-Free Firefighting
| Agents (9)

Amendment Effectiveness (8
| Mixture Ecotoxicity (4
| Avian Ecotoxicity (3
[[Next Gen AFFF 6) | e oy A —————
(8)

' Sampling & Analysis
Treatment: Concentration Technologies

 Treatment: Destructive Technologies |
(Fate&Transport ]
[ sel-Assembly Behavior |
[ Testing & Training: PFAS-Free Firefighting Agents
[Evance PPAS FrosAgorts |
[ Development: PFAS-Free Coatings |

Field Demonstrations: Treatment

| Real Time Analytical Methods
Field Demonstrations: Treatment (2)
- | (4)

| PFAS-Free AFFF Dem/Val

Monitoring & Characterization (2)
Firefighting System Cleaning (6)

PFAS-Free AFFF Dem/Val (5)

FY18 FY19 F20 FY21 FY22 FY23

[ rreatment & Monitoring Demos (8) ]
([Montorng & Creracterizaion Domos (4 ]

Treatment & Monitoring Demos (11)

FY24

FY25  FY26 FY27  FY28

FY29




SERDP & ESTCP PFAS Treatment Projects

Classes of Treatment
Technologies under
Investigation

« Over 50 PFAS treatment technologies have
passed proof of concept & are further in
development and/or demonstration phase.

« All treatment projects are ultimately designed
to reduce the amount of impacted material that
must be landfilled or incinerated.

Biological
Processes

» Treatment projects are discussed in terms of

Treatment the four categories shown.
Train

Concentration

*More than one project possible for some
technologies.
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Destruction Technologies Under

Investigation by SERDP & ESTCP

* Thermal processes * Non-thermal processes
* Low temperature thermal « SCWO (super critical water
- Less energy intensive oxidation)
» Flexible application » High temperature, high pressure
 Hydrothermal treatment  Liquid wastes, potentially solids

+ Liquid wastes and concentrates

- Less energy intensive * Plasma
» Smoldering combustion * Liquid and AFFF concentrate
Solid wastes (testing)
. . « Chemical & Catalytic
* Less energy intensive
Processes

« Widely applicable to liquids and
solids depending on process
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Concentration Technologies Under

Investigation by SERDP & ESTCP

* Not efficient to run destruction on low concentration wastes

» Often used as part of a treatment train, to concentrate PFAS,
then use another process to destroy
Clean

« Concentration technologies include: Water
- Modified GAC I
 New sorbents
 Foam technologies

PFAS-I ted =
mpacte

Water —
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Larger-Scale Demonstrations
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Treatment Trains Likely to be Necessary at

Most Sites

* Treatment trains typically
combine concentration and
destruction technologies to
achieve the best result

» Research is looking at best
combination of technologies
based on location (i.e., liquid,
solids, etc.) and concentration
of PFAS

AFFF Impacted Zone




Treatment Summary

* PFAS treatment market is exploding (with many marketing
claims)

* No one technology will meet the needs of all PFAS-impacted
materials

* Technology assessment MUST evaluate several critical
questions (i.e., destruction and removal efficiency, mass
balance)

« Concentration most efficient for large dilute groundwater
applications with residuals management

 Treatment trains are likely to offer best options for concentration
and destruction o #YSERDP

ESTCP
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Sampling & Analysis Efforts

« Sampling & analysis efforts 23 Sampling & Analysis
were Initiated in FY18 to Projects
improve measurement of

PFAS

* Focus has been on improving
analytical methods,
development of rapid field
samplers, and forensics Rapid Field

Samplers

Analytical
Methods
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Development of EPA Method 1633 for PFAS

Analysis

Previous published analytical methods for PFAS were only for drinking water matrix

Expansion to include other matrices:
* Aqueous (groundwater, surface water, wastewater, landfill leachate)
» Solids (soils, sediments, biosolids)
« Tissues

Draft method published in 2021; recently updated in January 2023
* Involves developing then testing method at a commercial analytical lab
« Commercial labs are adopting these methods now

Next step — test method at multiple commercial labs
* In process
 Validation reports for each matrix will be published as they are completed, beginning in 2022

18 ®SERDP €




Project Highlight: Development of lon Exchange
Membranes and Fibers for Passive Sampling of PFAS

(ER20-1073)

« Background: There is concern regarding the
lack of standardized sampling procedures for
PFAS in the environment. Passive sampling lon-exchange membranes as
methodologies can provide repeatable and passive samplers for PFAS
environmentally measures of PFAS present in

soil, sediments, and water matrices. However, AR F|F
PFAS are chemically complex, and complicate F F
traditional passive sampling approaches. ERE FJF

* Objective: This project will develop ion
exchange membrane- and ion exchange fiber-
based methodologies for passive sampling of
PFAS. This effort will enhance PFAS monitoring
and cleanup capabilities and will inform further
development of ion exchange passive samplers
for other chemicals of concern.

* Project Lead: University of Baltimore, Maryland
County

 Research Portfolio: Funded in 2020. 19




Status and Future Directions

« Joint effort with EPA on additional analytical methods has
cleared the first objective with the next step in progress.

 Additional field sampling methods are in process with some
validated.

 Forensics techniques showing promise for differentiating
between AFFF and non-AFFF sources.

* Dozens of treatment options are under investigation with many
having passed the proof-of-concept phase and others moving
into field demonstrations.

 Future focus will be on demonstrating more treatment

technologies in the field under actual site COM'%%ERDP QESTCP



Additional Resources

* For more information on PFAS-related projects funded by

SERDP & ESTCP:

* https://serdp-estcp.org/focusareas/e18ecb5da-d0de-47da-99f9-a07328558149/pfas-
afff
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Management Approach

« Formation of PFAS Technical Workgroup

« Comoprised of representatives from Army, Air Force, Navy, EPA as well as technical
consultants

» Assist with selection and review of PFAS related projects
 Assist with common location for collection of impacted soils and waters
» Developed standardized documents to track QA for all projects

« Annual in progress review required to PFAS Technical Workgroup and
Technical Committee

* Annual project meeting
 All funded projects are represented via panel and poster presentations
» Other federally funded projects also represented

» Primary purpose is to provide time for investigators to view other research, form
collaborative efforts, etc.

« Annual Symposium 23 PSERDP ¢




Innovative Approaches for PFAS Destruction of
Investigation Derived Waste: Proof-of-Concept

ER18-1497
ER18-1545
ER18-1526
ER18-1620

| ER18-1505 |

Project Number

SERDP

Project Number

ER18-1513 Proof-of- ER18-1501
ER18-1515 , ER18-1556
ER18-1599 ologies ER18-1572
ER18-1593
ER18-1603
Project Number
ER18-1570 Projects were initiated
ER18-1624 o under SERDP as a
ER18-1652 proof-of-concept

All project numbers are linked to their individual web pages @SERDP


https://serdp-estcp.org/projects/details/ed99ab79-ebb6-4d9e-bc9b-e1b55819b3ff
https://serdp-estcp.org/projects/details/6dd17de1-eee5-441f-a653-8694ba275b82
https://serdp-estcp.org/projects/details/a114da48-3e84-4d99-827c-5b2a9ed19caa
https://serdp-estcp.org/projects/details/28755539-d77f-49a3-b769-845a21a0b9d3
https://serdp-estcp.org/projects/details/b67731ac-9cbe-4005-8a7f-76a721b2b5ec/er18-1620-project-overview
https://serdp-estcp.org/projects/details/bbd89cd5-2c7f-4ce9-a82d-11e255e85591
https://serdp-estcp.org/projects/details/a58953ba-9742-40af-8c7f-2a754069e0a7/er18-1595-project-overview
https://serdp-estcp.org/projects/details/b34d6396-6b6d-44d0-a89e-6b22522e6e9c
https://serdp-estcp.org/projects/details/2f1577ac-c8ea-4ae8-804e-c9f97a12edb3
https://serdp-estcp.org/projects/details/3bd7f8ca-aafc-48a6-9390-bb5d1d90ea50
https://serdp-estcp.org/projects/details/f72ddebf-217b-466f-8e68-afe857bbe983/er18-1593-project-overview
https://serdp-estcp.org/projects/details/03024616-6734-496b-bbec-04f92ee2f8dc/er18-1603-project-overview
https://serdp-estcp.org/projects/details/1798e7c4-b632-436a-a769-5ae3bc0da0b7/er18-1513-project-overview
https://serdp-estcp.org/projects/details/d33a7113-916f-479f-99eb-0738ce7c3b98
https://serdp-estcp.org/projects/details/ca952465-ff77-48a7-8038-6274812e38ff/er18-1599-project-overview
https://serdp-estcp.org/projects/details/0ea2ccf5-be8f-4d90-86ec-6197288e52fe
https://serdp-estcp.org/projects/details/031784c5-e8c7-4874-a3bc-25f2c8361347/er18-1624-project-overview
https://serdp-estcp.org/projects/details/c6cf241c-a868-4898-b209-42c0128e6c29

Additional Research under SERDP

_. Q) / Q)

ER18-1497

ER18-1620

Project Number
ER18-1501

SERDP
Additional

Project Number

ER18-1515 ® Research ER18-1556
ER18-1599 ER18-1572
ER18-1593

Project Number
ER18-1570

ER18-1624 e

11 projects passed the
first phase and have
continued with
additional research

P SERDP ¢

All project numbers are linked to their individual web pages


https://serdp-estcp.org/projects/details/6dd17de1-eee5-441f-a653-8694ba275b82
https://serdp-estcp.org/projects/details/b67731ac-9cbe-4005-8a7f-76a721b2b5ec/er18-1620-project-overview
https://serdp-estcp.org/projects/details/bbd89cd5-2c7f-4ce9-a82d-11e255e85591
https://serdp-estcp.org/projects/details/b34d6396-6b6d-44d0-a89e-6b22522e6e9c
https://serdp-estcp.org/projects/details/2f1577ac-c8ea-4ae8-804e-c9f97a12edb3
https://serdp-estcp.org/projects/details/3bd7f8ca-aafc-48a6-9390-bb5d1d90ea50
https://serdp-estcp.org/projects/details/f72ddebf-217b-466f-8e68-afe857bbe983/er18-1593-project-overview
https://serdp-estcp.org/projects/details/d33a7113-916f-479f-99eb-0738ce7c3b98
https://serdp-estcp.org/projects/details/ca952465-ff77-48a7-8038-6274812e38ff/er18-1599-project-overview
https://serdp-estcp.org/projects/details/0ea2ccf5-be8f-4d90-86ec-6197288e52fe
https://serdp-estcp.org/projects/details/031784c5-e8c7-4874-a3bc-25f2c8361347/er18-1624-project-overview
https://serdp-estcp.org/projects/details/c6cf241c-a868-4898-b209-42c0128e6c29

ESTCP and DIU Efforts

Four technologies are
being demonstrated
under ESTCP and DIU
(plus SCWO)

ER18-1620
(Electron Beam)

Project Number

ER18-1501
(HALT)

Project Number

ER18-1572
(Thermal
Desorption)

ER18-1593
(Smoldering
Combustion)

Supercritic idati
All project numbers are linked to their individual web pages (Initiate N2

Project Number



https://serdp-estcp.org/projects/details/b67731ac-9cbe-4005-8a7f-76a721b2b5ec/er18-1620-project-overview
https://serdp-estcp.org/projects/details/c6cf241c-a868-4898-b209-42c0128e6c29
https://serdp-estcp.org/projects/details/b34d6396-6b6d-44d0-a89e-6b22522e6e9c
https://serdp-estcp.org/projects/details/3bd7f8ca-aafc-48a6-9390-bb5d1d90ea50
https://serdp-estcp.org/projects/details/f72ddebf-217b-466f-8e68-afe857bbe983/er18-1593-project-overview

Thermal Technologies

Thermochemical Technologies

5 (Elevated temp * pressure/reactants) " »  Subcritical hydrothermal treatment is a
v | « thermochemical process employing high-
o, No O, I_ T Ts 3740 temperature (170-350 °C) and high-pressure
| | (2—-22 MPa)
I Subcritical hydrothermal I Supercritical
f;?:::::;liz:/ Pyrolysis, gasification I destruction I estruction . Hy drothermal processing eliminates energy-
+Alkali | (e.g. lime) | <aiai gm0 +0, intensive drying steps required of “dry”
Alkali-catalyzed = | SCWO thermochemical technologies like pyrolysis

and incineration

thermal destruction I HALT-PFAS I

e e e — ——

Amendments \W
(acid, base, oxidant, reductant, etc...)

F-ISES, == .
(%Defluor inatidn) Reactor Recuperative Heat
Exchanger

Preheater ;%Zt;?el
200-350°C Scale up
" LC-QToF-MS, p—" Kaociou
LC-MS/MS Pump

(%Degradation)
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Oxidation-Reduction Technologies

« Supercritical Water Oxidation (SCWQO) is a treatment
technology that utilizes high temperature and pressure

(700-1200 F° and 3200 psi)
« At these conditions, when air is injected, organics can be
f_ to carbon dioxide and water, without a catalyst

T=660°C __ T=550°C Heat

Wit Y o0 t Exchangers
Air N SCWO Reactor
Compressor |7=7380°¢C
. 280 °C
Water -+ ZO_C,
Pump 200-250 °C

Gases

Slurry| 20°C

Expansion Pump Sludge
Tank

recycle Clean
loop * Water
Effluent
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Plasma Technologies

« Uses electricity to convert water into a mixture of reactive species
 No chemical additions and no production of residual waste
 Argon gas is recycled

@
Fiasma e - Reaction zone
e
Gaseous interfacial layer e .~ S S
Dividing surface i

Subsurface Byt O TR > _

Bulk liquid 'H& %

. RFRFRFD Majority of PFOA at the
S 7 ointerface protrudes out (2R

2into the plasma % serur- &
7




Electrochemical Technologies

« Reactive Electrochemical Membrane (REM) is capable of simultaneous
adsorption and electrochemical destruction of PFAS and associated
chemicals

« The REM is a novel electroactive membrane made of porous Ti4O7 with
micron-sized pores

« Anodic polarization of the REM results in degradation of PFAS through a
combination of direct electron transfer reactions and reactions with OH
radicals

Clean Rubber
Water gutlet Stopper

I /Tube

Water Flow

Ti,O; Anode
(Blue)

Ti;0; Cathode ()

Impacted =—»
Water =——p

Ti4O5 Cathode
(Grey)

PFASs
Rubber Stopper PFASs 8042' COZ, F-

Flectrostatic force l : i ;
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Photocatalytic Technologies

e Photocatalysts facilitate subsequent destruction of the

contaminants under UV or solar light
e Catalyst material has the ability to enhance the ultraviolet (UV)

based carbon-fluorine bond cleavage

Data collection Power Line

(=%
E
g
3
““gz';';”*’" UV Chamber : i UVC irradiation _
— CannHCOO PhﬁlD—KO|bEdECBI‘bO)‘.ﬂaﬁGI‘I CO0- + +CnF2n+1
PFOA/PFOS e H+*  -OH SO
Destruction CnF2n+1S03~ ¥5—>~ CnF2n+1503"2- LZ)- CnF2n+1502'—l)- *CnFzn+1
Mech?nlsm using L Step-by-step hydrodefluorination
Pt/SiC Catalyst i :
*CnF2ntt — 3 «CnF2nH —> «CnF2n-1H2 —> «Cn-iF2n1 + :CH2? — — > CH3COOH
’ S : )
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Commercial PFAS Treatment Technologies

technologies, and continue to evaluate & require demonstratlons on the
effectiveness of these technologies

SERDP & ESTCP do not endorse vendors; rather, we provide the means to
collect cost & performance data so that informed decisions can be made

Solid Phase Liquid Phase
Treatment Treatment

Adsorption Separation Destruction

| Activated Carbon (granular, powdered, sub-micron)

Reverse Osmosis/ Nanofiltration Sonolysis | . |

lon Exchange (nonionic, anionic) Flocculation (PerfluorAd) Electrochemical Oxidation . |

FluoroSorb Foam Fractionation (air or ozone) Non-Thermal Plasma = = |

RemBind Engineered membranes Super Critical Water Oxidation (alkaline) |

CycloPure Thermal Desorption Mechanical-Chemical Degradation |

PQ-Osorb Soil Washing (In Situ/Ex Situ) Ultraviolet Radiation of Sulfite. . .. = ... .. |

Puraffinity Electrocoagulation Chemical Oxidation (multiple)

Hydrogels/Fluorogels Thermal Oxidation

matCARE Thermolysis

Photolysis:

Biochar/ash/carbon nanotubes Smoldering Combustion

Hemp Electron Beam

|
|
|
Chemical Reduction (solvated electrons) |
|
|
|
|

Zeolite Biological/Enzymatic Defluorination

Layered Double Hydroxides

Functionalized graphene

Redox-Copolymers

Dual Phase Composites

|
|
|
|
|
|
|
|
|
Metallic Organic Framework |
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
| Pyrolyzed Cellulose
|
|
|
|
|
|
|
|
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