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Restoration 
Highlights and 
Trends 2023-2024

• Digital Innovation

• GIS Vulnerability Tool

• SearchBot: FluoroHunter (Supply Chains)

• Green Metrics Analysis (GMA)

• Technology Innovation

• Passive Sentinel Sampler

• PFAS Decon: AFFF Systems and D-4

• Concrete Leaching

• Critical Minerals: UK Coal Example

• Green Cement: Global Mineralogy/Prospecting

• Upstream O&G: NORM
Use or disclosure of data contained on this sheet is subject to the restriction on the cover page of this document
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PFAS Vulnerability Assessment Tool

22 April 2024 4

▪ GIS – based

▪ Screening Level:  Access public
databases with graphical
presentation

▪ Integration Level:  Incorporate site-
specific data

▪ Rank and compare portfolio sites

▪ Data protected and secure Arca
dis
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PFAS Use Category

FluoroHunter: SearchBot – 
PFAS in Products

Arcadis’ assessment of the individual PFASs added to the EPA’s Toxic Release Inventory (TRI) reporting
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Food 
Contact 
Paper
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© Arcadis 2020

Fluoro Hunter (SDS PFAS Searchbot)

© Arcadis 2023 6

Compatible with 
any type of 

searchable PDF

Possible to 
convert non-

searchable PDF 
to PDF

PDF files 
compiled into a 

single folder

SDS Searchbot Steps:

1. Collect SDSs to be searched

2. Determine PFAS search list (s)

3. Run Program

4. Manually screen output for 
false positives & negatives

5. Summarize all positive hits
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© Arcadis 2020

Fluoro Hunter (SDS PFAS Searchbot)

© Arcadis 2023 7

US EPA 
TSCA

US EPA TRI

Arcadis 
developed 

search terms

Stockholm 
Convention 

POPs

ECHA 
REACH 
SVHC

Other client 
specific

Possible PFAS Search Lists Include:
SDS Searchbot Steps:

1. Collect SDSs to be searched

2. Determine PFAS search list (s)

3. Run Program

4. Manually screen output for false 
positives & negatives

5. Summarize all positive hits
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© Arcadis 2020

Arcadis Green Metrics Analysis (GMA( Greenhouse gases 

calculator | ER

Field data 

collection

Consolidation 

tool

Data 

Structuring

CO2 emissions 

estimate

Arcadis Data Analysis

Data 

Visualization

Objective: estimate the greenhouse gases emissions at field activities.

Field activities list and correlation with the GHG Protocol/scopes
  +
Limitations and assumptions definition, theoretical conversion factors adoption

  = 
Greenhouse gases calculation | ER
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© Arcadis 2020

The Solution

Total emissions and 

comparison between 

different projects

Emissions by category

Integrated Data

Emissions over time

Different filters
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© Arcadis 2020

Technology Innovation 

22 April 2024© Arcadis 2021 10
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© Arcadis 2020

Sentinel Sampler – potential for 
monitoring optimization

22-Apr-24 11

Passive, time-integrated sampling of water

• Flexible deployment from <1 to > 4 weeks

• Wide range of PFAS compounds

• Reliably measure 6+ orders of magnitude

Monitoring and Identification

• Simple deployment and analyses

• mailed to lab

• Minimize intrusion to homeowner

• Reduce O&M costs

ESTCP project funding for validation of methodArca
dis



© Arcadis 2020

TISR
SM  

- Benefits
• Solar powered Sustainable technology with 

negligible operation and maintenance costs.

• Abiotic and Biotic degradation rate 
enhancement – reduced lifecycle costs.

• Application in tandem with AS/SVE, MPE 
systems. 

• Effective in Complex Geology with residual 
mass.
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AFFF Concentrate 
Pipe Extraction 
Demonstration

22 April 2024© Arcadis 2022 13

• Bench-scale steel pipe extraction 

using methanol, water, and 

Fluoro Fighter

• Fluoro Fighter  removed > 2.5x 

PFAS vs water and 1.9x vs methanol

• Equivalent to up to 2 mg/L of PFAS 

returned to new foam after 

uncleaned changeout

ESTCP Project # ER20-5364

Error bars represent one standard deviation on the mean from n = 5 replicates

Property of Arcadis, all rights reserved 

0

5

10

15

20

25

30

MeOH Tap Water Fluoro Fighter

To
ta

l M
e

as
u

re
d

 P
FA

S 
P

o
st

 T
O

P
 A

ss
ay

 
(µ

g/
in

2
)

Methanol Tap Water Fluoro FighterArca
dis



Our Role

• Evaluation of potentially PFAS impacted building materials 

removed from an industrial chemical facility

• Evaluate alternatives to handle these impacted materials 

after plant shut down to minimize current and future risk 

associated PFAS

• Alternatives evaluated include (but are not limited to) leaving 

materials in place, cleaning, lining, and/or removal/disposal

• Provide additional information on disposal options for solid 

waste known to be impacted by PFAS

Key Challenges

• Cost escalation related to disposal of PFAS impacted building 

materials 

Innovation/Best Practice

• PFAS concentrations on fire suppression piping were evaluated based 

on the average mass of PFAS removed using aggressive extraction 

conditions considered to maximize removal

• Field cup test procedure developed by Arcadis for PFAS was used for 

in place sampling of a tank farm concrete secondary containment 

structure

Building Materials Assessment

CONFIDENTIAL US CHEMICAL CLIENT D3 PROJECT, TENNESSEE
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© Arcadis 2020

SEVERAL GLOBAL PROJECTS

Concrete is porous, and PFAS can partition into concrete matrices, especially 

after years or decades of contact with PFAS containing liquids. Arcadis is or 

has led two efforts related to characterizing PFAS present in concrete, as well 

as evaluating means and methods to remove or contain the PFAS within the 

concrete.

The first was for an Oil and Gas facility in Australia and consisted of 

coring into concrete and identifying PFAS mass at various depths of 

penetration (Two sealants were applied to PFAS-containing cores from this 

site and their effectiveness in minimizing leaching of PFAS was compared; 

the results are published in Vo et al., 2023, Water Research X 20. Evaluation 

of sealants to mitigate the release of per- and polyfluoroalkyl substances 

(PFAS) from AFFF-impacted concrete: Characterization and forecasting.

The second effort is ongoing, with funding from the US DOD under ESTCP 

and involves bench scale testing to characterize PFAS present in 

stockpiled concrete debris from a DOD BRAC site, where concrete rubble 

management/disposal can have large financial considerations in the 

redevelopment goals for this base. As part of this work, we are also evaluating 

several types of concrete sealants that can be used to minimize/eliminate 

leaching.

MANAGEMENT AND MITIGATION OF PFAS LEACHING FROM CONCRETE
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© Arcadis 2020

AFFF Release Response 

near Central Tank Farm

• Cleaning of 

underground storage 

tank

• Cleaning of operations 

equipment and AFFF-

impacted 

asphalt/concrete 

surface

Automotive 
Assembly 
Plant

Arcadis cleaned subsurface 
vault with Fluoro Fighter  - 
used 825 gallons of cleaning 
agent over two days

Arcadis and Job Site 
Services used Fluoro 
Fighter  to clean asphalt 
and concrete surfaces to 
remove PFAS from AFFF-
impacted surfaces over 
three-day mobilization; 
used and cleaned on-site 
floor scrubbers to return 
them to service in plantArca
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Critical Minerals: UK Example  

22 April 2024© Arcadis 2021 17
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Critical Minerals – What are they?

22 April 2024© Arcadis 2023 18

Critical minerals (CM) are identified based upon supply chain risks, and the dependence of the 
domestic manufacturing sector on foreign supplies (often “foreign entities of concern”)
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22 April 2024© Arcadis 2023 19

From: Nassar, USGS, 2020 

500 kg REEs per
2 MW wind turbine

60 kg Li per
EV battery
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• Photovoltaics (PVs) use elements for which a primary source (conventional 
resource - ore) is often not readily available

• Secondary sources (unconventional resources) are therefore the focus for 
supply of Cd, Te, In, Ga, Se, and Ge 

• Ga currently is derived as a byproduct of lead-zinc, and processing of bauxite 
ore, along with extraction from residues of zinc (sphalerite) processing 
(USGS, 2017)

• Te is recovered from copper anode slimes, a byproduct of smelting copper 
(Rio Tinto, 2022)

From: National Minerals Information Center, 2017 

Secondary Sources of Critical Minerals - Photovoltaics
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Water Treatment at UK Abandoned Coal Mines

22 April 2024© Arcadis 2022 21

In 2016, 64 pumping stations were operated by the Coal Authority

(some pumped waters are used for heating)

From: Bailey et al., International Journal of Coal Geology, 2016Arca
dis



Example of Trace Element Content 
of UK Coal

Table (left) shows trace element
content in Parkgate bulk coal

22 April 2024© Arcadis 2022 22

Table above shows concentration of trace 
elements in pyrite mineral in coal (pyrite 
causes AMD)

From Spears and Tewalt, 2009 Arca
dis



© Arcadis 2020

Example of potential value 
associated with REEs in a 500 gpm
 mine water seep (US), with 75% 
recovery.

© Arcadis 2023
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Recovery Concepts – AMD Water at Abandoned Coal Mines

a. Precipitation based upon solubility (saturation index) and pH

b. Recovery into a solvent that provides physical separation of target CM/REE from aqueous phase

c. Interaction with solid resin through anion or cation exchange

d. Association with a carrier molecule that transport target CM/REE across a membrane

e. Electrochemical reduction and deposition onto a cathode

22 April 2024© Arcadis 2023 24

From: DuChanois et al., 2022
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Critical Minerals: UK Example  

22 April 2024© Arcadis 2021 25
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Confidential Global Green Cement Company 

• Global Prospecting

• Geology and Minerology

‒ Volcanic rhyolitic ignimbrites and dacites

‒ SiO2 - greater than 70%

‒ Non-devitrified (glassy and amorphous) SiO2 greater 

than 10% (now targeting >25%)

‒ Age – less than 2.5M years (Pliocene through 

Quaternary)

• Surface exposure

• Potential Reserve Size (30M to 100M tonnes)

• Proximity to Protected Lands (preserves and national 

parks)

• Proximity to deep water port facilities (15-meter 

channel draft)

• Proximity to energy grid

• Proximity to roads and rails

• Existing mining permits for resource material

• Country’s political stability

22-Apr-24 26Arca
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Titan ArcGIS Platform
Tentative Exploration Areas - Iceland
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Green Cement Prospecting:Overall Onward Project Plan Follows 
Systematic and Logical Progression

Phase 0 

Initial Planning

Phase 1 

Desktop Exploration

Phase 2 

Field Investigation

Phase 3 

Target Evaluation

Criteria Development, 

Country Specific Targets

1A

Desktop Study

1B

Remote sensing

Field 

Investigations

Drilling and 

Sampling

GIS Model 

Development

• Spain

• Portugal

• Canary Islands

• Azores

• Iceland

• Geological maps

• Geomorphological 

maps

• Legislation

• Protected areas

• Closed/active 

quarries

• Active companies

• Thesis, articles & 

papers

• Mining concessions

• Logistics

• Utility supplies

• Regional

• Detailed

• Azores

• Canary Islands

• Iceland

• Data Plotting

• Kriging

• Mine 

Modeling
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Green Cement Prospecting: New Scope for 

Caribbean, Central and South America
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Brazil
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Syria
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Norway

Egypt

Egypt

Eqypt

Maximum and Minimum Reported Ra-226 (pCi/g) in NORM 
Precipitates

Maximum Minimum

Confidential Upstream O&G – Australia: Assessing Naturally Occurring 
Radioactive Materials in Produced (Connate) Water

L. Al Attar et al
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Upstream O&G: Presence of Only Comparatively Modestly NORM 
Impacted Material
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Sample Identification

Sample Data Ordered by Decreasing Ra-226 Activity (pCi/g)

Ra-226 (pCi/g) Pb-210 (pCi/g)

Only 6 samples (18%) have NORM-level (> 50 pCi/g) activities 
of Ra-226

Consistent with initial geochemical modeling results 
suggesting limited barite and NORM formation

Presence of Pb-210 is interesting and suggests this is from in-
growth versus deposition from connate water
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Arcadis.
Improving quality of life. 
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