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Digital Innovation

Restoration - GIS Vulnerability Tool

ng h | | g htS an d - SearchBot: FluoroHunter (Supply Chains)
Trends 2023-2024

» 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
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Design & Consultancy
for natural and
built assets

A ARCADIS|

PFAS Vulnerability Assessment Tool

Large-scale PFAS detection
with airports

= 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
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Design & Consultancy
for natural and
built assets

FluoroHunter: SearchBot —
PFAS In Products AARCADIS|

Arcadis’ assessment of the individual PFASs added to the EPA’'s Toxic Release Inventory (TRI) reporting
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Fluoro Hunter (SDS PFAS Searchbot)

SDS Searchbot Steps:
1. Collect SDSs to be searched
2. Determine PFAS search list (S) Possible to

3. Run Program convert non-

4. Manually screen output for segrnc%g/bplg (F)>fDF searchable PDF
false positives & negatives to PDF

5. Summarize all positive hits

Compatible with

PDF files

compiled into a
single folder

= T QW

© Arcadis 2020 © Arcadis 2023



Fluoro Hunter (SDS PFAS Searchbot)

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

© Arcadis 2020

© Arcadis 2023

Possible PFAS Search Lists Include:

US EPA TRI

Arcadis Stockholm

developed Convention
search terms POPs

Other client
specific



Arcadis Green Metrics Analysis (GMA( Greenhouse gases
calculator | ER

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

IS =

Greenhouse gases calculation | ER

£ (-

Field data Consolidation Data CO2 emissions Data
collection tool Structuring estimate Visualization

ARCADIS



The Solution £ ARCADIS

Homepage Overview

Activities start date Activities end date

Overview

29/10/2013 08/10/2021
Client Project number
Different filters e _ e _ Tod Todos
Distribution of CO2 (t) emissions by client Distribution of GHG emissions by category Distribution of GHG emissions by scope
@E
12,6% o

Distribution

Emissions by category
@® Combustion

GHG emissions over time

Emissions over time

-
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Total emissions and
comparison between
- ; CO2 equivalent Trees needed to
different projects s ot GHG
emissions

1.107,95 7.910,74
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Codigo do Projeto: 9.02.03.00022-Sustainability-GS-B1-00001 Greenhouse gas calculator Versdo: 1.0 Autoria: Gabrielly, Ellen e Adriane Ultima atualizagdo: 10/03/2022 @




Technology Innovation



Sentinel Sampler — potential for
monitoring optimization

Attachment point -
Passive, time-integrated sampling of water Stamoed serial # 6
* Flexible deployment from <1 to > 4 weeks encioos A mash — F
« Wide range of PFAS compounds o S et

* Reliably measure 6+ orders of magnitude

Monitoring and Identification 1,000,000
« Simple deployment and analyses - '
* mailed to lab — 1‘;&
* Minimize intrusion to homeowner : ﬁ;,'.:v
 Reduce O&M costs £ :
& 100 " o 1A
25
1
1 100 10,000 1,000,000
Concentration from Conventional Method (ng/L)

ESTCP project funding for validation of method ‘ | 11



TISR™ - Benefits

- Solar powered Sustainable technology with « Application in tandem with AS/SVE, MPE
negligible operation and maintenance costs. systems.

- Abiotic and Biotic degradation rate  Effective in Complex Geology with residual
enhancement — reduced lifecycle costs. mass.

During Remediation

Heat transfer is not limited by soil permeability. TISR™

enhances biological, physical and chemical attenuation

processes and NSZD in low-permeability areas as well.

Borehole heat exchanger Borehole heat exchanger

Permeable soil (sandy) Permeable soil (sandy) 3
l I- XS FRoalE Residual mass is no longer
oy N : present in storage areas to feed
by Bt | long-term dissolved-phase or
vapor-phase issues.

S~ |




AFFF Concentrate
Pipe Extraction
Demonstration

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

£ ARCADIS |z
©ESTCP

ESTCP Project # ER20-5364

30 -
25 -
>,
a > 20 4
(7,]
a & <15 -
S 2 o
N i
T& 10 -
S
5_
0 | |

Methanol Tap Water Fluoro Fighter™

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

. . 22 April 2024 13
operty of Arcadis, all rights reserved



CONFIDENTIAL US CHEMICAL CLIENT D3 PROJECT, TENNESSEE £ ARCADIS

Building Materials Assessment

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

Foam
PRSI Concentrate  Riser Up Supply R‘“’”"s"”" Sprinkler Feed  Sprinkler Feed

lromT:nlakdder to 3rd Floor Fioovs Piping Piping

3 3 8 125 1 25 25

Tank Farm Head Tank Farm Head

Pipe ID (in)

Pipe ID Total PFAS Pipe Radius Surface Area for Volume for PFAS Dissolution

(ng/inz) (in) 12" Lengthof 12" Length Concentration for

Pip;: of Pipe (L)  Single Volume
(in) (ug/L)

P1 49069 1.5 113 1.4 3989

P2 66586 1.5 113 1.4 5413

P3 25368 4 302 9.9 773

P4 52431 0.625 47 0.2 10231

PS5 82867 0.5 38 0.2 20211

P& 3415 125 94 1.0 333

P7 4979 1.25 94 1.0 486

Design & Consultancy
for natural and
built assets

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

90,000 - MeOH ™ Water
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(ng/in2)

30,000 -
20,000 -

10,000 -

Post-TOP Assay Total PFAS Concentration

P1-C1 P2-C1 P3-C1 P4-C1 P5-C1 Pe6-C1 P7-C1
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MANAGEMENT AND MITIGATION OF PFAS LEACHING FROM CONCRETE

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.

Journal of Hazardous Materials Letters 3 (2022) 100050

ELSEVIER journal homepage: www.sciencedirect.com/journal/journal-of-hazardous-materials-letters

Contents lists available at ScicncebDirect

Journal of Hazardous Materials Letters

Release of perfluoroalkyl substances from AFTFF-impacted concrete in a

firefighting training ground (FTG) under repeated rainfall simulations

Phong K. Thai "', Jeffrey T. McDonough"”, Trent A. Key*

Scott Porman ', Jochen F. Mueller

, Jack Thompson *, Pritesh Prasad ",

“a Alliance for E Health Sclences (QAEHS), The University of Queensland, Queensland, 4102, Australia

® Arcadis North America, Highlands Ranch, CO 80129, USA
© ExxonMobil Environmental and Property Solutions Company, Spring, TX 77389, USA
A Mobil Ol Australia, Melbourne, VIC 3008. Australia

ARTICLE INFO ABSTRACT

Keywords: IHistorical use of per- and p (PFAS) at 2 @ (FTGs) has prompted

Perfluorinated chemicals questions regarding possible PFAS retention within and ses 1o the - This

FireHghting:foacm. investigation seeks to better understand the release of five PFAS from concrete cores collected from a legacy FTG.

:ﬁ:’::“_m cores The vertical profile of cores were assessed, then surface and rainfall were on the

ot s cores. Perfluorooctane sulfonate (PFOS) had the highest concentratior both the core (up to 10,000 pg kg ')
and in ponded water on their surface (up to 100 pg L= 1), by 6:2 fluor (6:2 FTS) and

perfluorohexane sulfonate (PFHxS). ‘The maximum concentrations of PFAS in runoff water of five rainfall sim-
ulations were similar, suggesting recurring release of PFAS from AFFF impacted concrete, which could be sus-
tained by upward transport of PFAS in the layers gh a ial “wicking” effect. The
estimated mass of PEAS released during a simulated rainfall of 60 mm was approximately 1% of the total PFAS
mass estimated within the top 1 em of the concrete core. The resulis of the study suggest that concrete at FTGs
may present an ongoing sccondary source of PFAS in runoff water events.

1. Introduction

The ability to reliably extinguish Class B fires in accordance with
national and international codes is an important task that requires reg-
ular ndu‘nn& l—uct‘u,htmg uammg -cquucm(.nu .md activities lmvc

that contain various per and polyflucroallyl substances
il Field, 2012). PFAS were a critical component of AFFF
due to their physical and chemical characteristics that are extremely
well suited for timely extinguishment of Class B fires (Moody and Field,
2000). AFFF have been used at sites such as military bases, airports, and
oil refineri or emergency and training purposes (Moody and b
2000). The repeated use of AFFF has resulted in firefighting tra
grounds (FTG) with high concentrarions of diverse PFAS within the built
infrastructure and surrounding environment, with observations of up to
hundreds of micrograms per liter PFAS in surface water runoff from the

Previously, 90% of residual PFAS associated with an AFFF-impacted
concrete pad at a FTG was estimated to generate PFOS in runoff water of
at least 0.2 pg L~ ! for more than 200 years (until 2230) (Baduel et al.,
2015). However, that estimation was based on the conditions of
continuous release of PFAS from concrete to static ponded water, which
could be different than the release of PFAS from sloped concerete during a
rainfall event. S ifferences could have an important consequence
for any realist -term release of PFAS from concrete
associated with historical AFFF usage at FIGs and to support the eval-
uation of potential mitigation measures.

llence, in this study we aimed to investigate the dynamic release of
PFAS associated wirth concrete cores collected from a FI'G under ponding
and rainfall simulations.

FTG (Baducl et al., 2015; Bhavsar ¢t al., 2016; Dauchy ct al., 2019).
- G to: Q Alliance for Envi Health (QAFEHS), The University of Q 20 G all Street,
Queensland 4102 Australia.
L-mail address: p.thaicougeduan (PUK. Thai).
htips://doi.org/10.1016/).hazl.2022.100050
i 2 021; in revised form 19 January 2022; Accepted 23 January 2022

Available online 28 January 2022

2666-9110/@ 2022 The Authar(s). Published by Elsevier B.V. This is an open access article under the CC BY license (hiip://creativecommons.org/licenses /by /4.0./).



Automotive
Assembly
Plant

AFFF Release Response
near Central Tank Farm

Cleaning of
underground storage
tank

Cleaning of operations
equipment and AFFF-
impacted
asphalt/concrete
surface

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 plant

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




Critical Minerals: UK Example



Critical Minerals — What are they? A ARCADIS

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”)

N\ L7

NATIONAL NEWS RELEASE .
" REESERHLER O Policy paper

Resilience for the Future: The UK’s

N
/

U.S. Geological Survey Releases 2022

List.of Critical Minerals Critical Minerals Strategy

Updated 13 March 2023

2022 Critical Mineral 2018 List
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Other important minerals

Feedstocks for important technologies,
but may be more plentiful, commoditised,
have bulk applications that provide a
degree of flexibility in the market or less
nisky supply chains
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= Minerals with high economic
- Colticol Neor CruiE vulnerability and high global supply risk
N Antimony Bismuth 4 ang PPy
=
Z| 4 e orl @0ysprosium Cobalt Galliurn
5 mm,.s,,, Graphite Indium
g Gollum
3 M-
g o Lithiurm Magnesium Department for
g Sincon Carbide o Business, Energy
e A ke Niobium Palladium & Industrial Strategy
8 Copper
g 2 @ . Silicon P"*‘“’Y’"'“" -
- Manganese @ Titanium Platinum Rare Earth Elements
E
: Silicon Tantalum
3 1
i - Teturiem Tellurium Tin
1 2 3 4
) Tungsten Vanadium 18

Low Supply risk High




500 kg REEs per
2 MW wind turbine

Energy Bltl d
49 - r—
In generation C Neochmin)
p—
- Thin-film solar PV \ 56
31 ‘ " — Dy
Ga Dysposan
Galbum
34 L. Offshore direct
shore direc
Se ﬁ drive wind turbine
Selenium Photw aedt: US DOE
32
Defense and | Ge
. . Gemanium
75 national security
Re
Rhenium 2l
| Ga
Gallium
U.S. Air Force F-35A 33
Lightning Il Joint Strike A
Fighter Gen. Ill Ground Panoramic A,seic
Phato aedt Master Sgt Jahn R. Nemma, St ; nght \ﬁSIOﬂ GOggles

o cedt L3 Techmologies, Inc

From: Nassar, USGS, 2020

A ARCADIS

64 Healthcare 58
Cerium
65
Tb
Terbium
39
Y:
Yitrium
PET/CT diagnostic "
60 k L lmaglng Phatw credit: GE Heathore
I per .
EV bgatteIrDy Transportation
3 - 6
Li C
Lithium Cation
27 28 :
Co || Ni
Cobalt Nickel
25
Mn
Mangansza vehicles
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Secondary Sources of Critical Minerals -

«  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)

~ "

- Teis recovered from copper anode slimes, a byproduct of smelting copper
(Rio Tinto, 2022)

Photovoltaics & arcaADIS

Wafer Thin-film
f‘ A
'S \
c-Si CdTe CIGS a-SiGe
? A A ?
L N\
Ao‘ cd Te In Ga #- Se " Ge
@0 3" OO e @™ &
67% <25% <75% 100% 100% 0% 85%
Silver Cadmium | Tellurium || Indium Gallium Selepivm || Germanium

B
Source ore minerals
EXPLANATION

Element abbreviation Competing use
_L ’ Electronics
2016 U.S. net import

Batteries
a-' Thermoalectronics

D Flat-panel displays
* Integrated circuits

Q’! Metallurgy
% Fiber optics

From: National Minerals Information Center, 2017

Ag ‘
reliance —] -
67%

Element name t Sitver

Primary competing use
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Water Treatment at UK Abandoned Coal Mines A ARCADIS
In 2016, 64 pumping stations were operated by the Coal Authority

(some pumped waters are used for heating)

. Pumped passive treatment
Active treatment continved
1 Blenkinsopp 31 Llindsay
2 Clough Foot 32 Mid Cannock
. Treatment stte 3 Deerplay 33 Mountaingate
“ 4 Frances 34 Pemberton
- coalfield S Old Meadows 35 Sheephouse Wood
: 6 Polkemmet 36 Siverdale
g 7 Vivian 37 Strafford
18 8 Acomb 38 Summersales
w2 :g 9 Dawdon 39 Taff Merthyr
\.0"‘\ 54 10 Ynysarwed 40 Whittle
55 41 Woodside
56 Pumy - No treatment 42 Woolley
%, Fife coalfield 58 1 Cf\estev South Moor ) o
Glasgow\q 5 59 12 Kimblesworth Gravity p tr
] ) Edinburgh 64 43 Blaenavon
Ayrsh:ra) ¢ _% Pumped passive treatment 44 Chell Heath Road
coalfial & 13 Kibblesworth 45 Dalquharran
14 A Winning 46 Ewanrigg
C"’""?”"’"? Norththumberland 15 Allerdean Mill 47 Fennyfield
BoAlicd pralliold 16 Aspull Sough 48 Garth Tonmawr
14 17 Bates 49 Glyncastle
20 18 Blindwells 50 Glyncorrwg
East Pennine 7 22 19 Bridgewater 51 Gwenffrwd
coalfield 10 26 20 Bullhouse 52 Gwynfi
South Lancashil 31 35 21 Cannock Wood 53 Kames
coalfield 33 37 22 Caphouse 5S4  Lathallan Mmill
¢ 39 41 23 Cuthill 55 Mains of Blairingone
o7 North Staffordshire 43 42 24 Downbrook 56 Minto
Soutli Wales coalfield :g 60 25 East Edmondsley 57 Morlais
coalfield xfordshi 4 26 Fender 58 Pitfirrane
27 Great Clifton 59 Pool Farm
Cardiff'® il 51 28 Hockery Brook 60 Silkstone
Bristol and Somerset m—’—\qm“ London :; 29 Horden 61 Stony Heap
coalfield e ] 30 Lambley 62 TanY Garn
62 . 63 Whitworth 1
63 0 50 100 200 300 400 500 64 Wilsontown

[ — . I yKilometers

Fig. 1. Coal mine water pumping and treatment sites in Great Britain.

. Lignite ‘ Hard coal

From: Bailey et al., International Journal of Coal Geology, 2016
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Parkgate Seam, Thoresby Colliery, UK Coal Mining Lid.
(Nat grid ref E461578, N374957)

Depth ) Thickness . e
Sample| Secfion Description
[cm) P (cm) pt
Rioof 2 Mudstone, light grey, 30cm ecam.
Rl 1 10 Mudslone, dark grey
.
25 Bright coal
Bright coal, occassional
H 20 pyrific lanses
G 1 Interibaved brighl coal & mudstone
F 34 Bright coal
185cm
E 35 Barded dull end brighl coal
R SRR
Dl coal
] m\\%\% 10 ull coal
[ 1 Mudstone, very carbonaceous
B 25 Bright coal with pyritic kensas
A 25 Bright coal with pyritic kensas
¥
Flogr Sestearth mudstone, light grey,
3cm exam,

Brighl Banded Dull Fusan Cannel Dirt

N

bright banded dull

— INDIER

=15% Ash =15.1-400% Ash  >40% Ash

From Spears and Tewalt, 2009

Example of Trace Element Content

of UK Coal

Paramerer Unirs Median Average Standard deviation
5 wiLk 0.96 1.66 1.92
Al wiLE 0.65 1.15 1.42
Ca wiLk 07 D22 0.1
Mg wiLk 0.038 0054 0.06
Na wiLE 0.21 02 0.07
K wiLE 0.072 0186 031
Fe wiLE 0.6E2 1035 0.99
Ti wLE 0.03 0049 0.07
P wiLE 0.000G L0025 0.00:4
5 wiLE .78 213 L1z
525 *C Ash 4 6.05 E79 B4
Rempant modsiure I 1.72 1.75 0.44
As ppm 11.6 313 45
Ba P B4.0 Do 63
Be P 145 165 0.82
Bi fpm 0.09 012 0.10
el P 0.04 0.as 0.03
a | P 5850 G120 1810
Co fpm 235 3138 23
Cr ppm B.90 148 18

= P 0.2ED 07g 1.23
Cui ppm 30.0 35.0 28
Ca ppm .01 3126 3l
Ge Prpm 5.52 B3 10.4
Hg Ppm 0.0B7 0174 0.21
Li ppm 10.0 281 &2
Mn ppm 244 30 23
Mo P 281 339 2.7
Nb P 0.7BD 1.17 13
Mi Ppm 241 400 51

Ph Prpm 12.8 2315 3
Elb [ 370 Lk} 16
Eh ppm 1.69 2329 1B
S5c ppm .14 115 3.0
Se Ppm 1.45 233 2.1
S P o7 145 1.1
Sr ppm 35.0 460 35

Te P 007 oa7 0.03
Tl ppm 0.33 073 1o
u ppm 0.7E 1.09 0.8
v ppm 25.1 350 7

¥ ppm 460 5.84 4.5
In ppm 761 E.d4 34

A ARCADIS

Element Parkgare Harwarth Ezgharaugh East Midlands
Hz 7.2

TI 40 17
Pl 875 35 406 322
Ad 1440 1345 1070 1029
5e B 15 27 97
Mo a6 1258 a8 107
Cd 0.9

Wi 1870 525 EET) 309
5h 53 Fl 20

n a7 564 455 21
Ca 72

Cu EES 315

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

causes AMD)

Table (left) shows trace element
content in Parkgate bulk coal
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Example of potential value
assoclated with REEs in a 500 gpm

mine water seep (US), with 75%

recovi

Mass Recovered, kg

Price, rare earth

Value (rare earth

Rare Earth Concentration per year (75% oxide (US oxide, US dollars,
Element (mg/L) recovery) dollars/kg) per year)
Dy? 2 14,922 $158 $2,357,691
Er? 1 7,461 $53 $395,435
Eu? 0.5 3,731 $13 548,496
Ga® 1.5 11,192 $76 $850,559
Hobs 0.5 3,730 $100 $373,052
La? 0.75 5,595 s1 $5,595
Nd<d 2.5 18,652 $138 $2,574,061
Pr 0.35 2,611 $133 $347,311
Tb? 0.3 2,238 $1,300 $2,909,808
ya 10 74,610 $12 $895,325
Ybes 1 7,461 $15 $111,915
Total Mass 152,205 Total Value: $10,869,252

Recovered:

23



A ARCADIS
Recovery Concepts — AMD Water at Abandoned Coal Mines

Solubility Size and charge " Reduction potential
a b o [ - O=> d O 465 e
lon exchange 3y (O i _
rF . e Q= |
o O - ) e § “olp-0 O -
@) B 0 => car i Metal— =
Precipitate Solvent 2 Solvent 1 a'-".d-surptiun arner Membrane Anode Cathode
Precipitation Solvent extraction lon exchange/ Liquid membranes Electrodeposition
adsorption

From: DuChanois et al., 2022

Precipitation based upon solubility (saturation index) and pH

Recovery into a solvent that provides physical separation of target CM/REE from aqueous phase
Interaction with solid resin through anion or cation exchange

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

®© o 6 T o

Electrochemical reduction and deposition onto a cathode

24



Critical Minerals: UK Example



Confidential Global Green Cement Company 3 ARCADIS

|
Global Prospecting
Geology and Minerology
— Volcanic rhyolitic ignimbrites and dacites
— SIiO, - greater than 70%
— Non-devitrified (glassy and amorphous) SiO, greater
than 10% (now targeting >25%)

(o))
]

¢ Iran
® World

—_
w
L

Phonolite

-y —_—
w b
L L

—_
N
L

Teﬁhn-
phénolite

- -
O -
L L

Sodium oxide plus potassium oxide (Na,O + K,0): wt %

— Age - less than 2.5M years (Pliocene through -
Quaternary) P :
7 - e
Surface exposure Tephrite;
. ) 6 - Basanite;
Potential Reserve Size (30M to 100M tonnes) 5 - :
Proximity to Protected Lands (preserves and national 44 ®
3- fp——
parks) S Picro- Basaltic
Proximity to deep water port facilities (15-meter 1‘ basa) Ansie
channel draft) N D A R S S B
Proximity to energy grid 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79
proximity to roads and rails Ultrabasic Basic : Intermediate : Acidic
Existing mining permits for resource material a5 52 63

Silica: wt. %

Country’s political stability
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Titan ArcGIS Platform

Tentative Exploration Areas - Iceland

Interpreted Geological Map
({lceland)

Description

Interpretation of the
geological map of lceland -
Scale: 1:600.000, considering
the distribution of different
rock types and their potential
for pozzolanic exploitation.

Level of Interest/Potentisl
High Interest

Medium Interest

. Low Interest

[ [+][e]@

¥ Selected features:0

22 April, 2024
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Green Cement Prospecting:Overall Onward Project Plan Follows
Systematic and Logical Progression

Phase 0 Phase 1 Phase 2 Phase 3

Initial Planning Desktop Exploration Field Investigation Target Evaluation

Criteria Development, (AN 1B Field Drilling and GIS Model
Country Specific Targets Desktop Study Remote sensing Investigations Sampling Development
* Spain * Geological maps * Regional « Azores - Data Plotting
* Portugal +  Geomorphological * Detailed « Canary Islands + Kriging
+ Canary Islands maps * Iceland * Mine
* Azores * Legislation Modeling
+ Iceland * Protected areas

* Closed/active
guarries

* Active companies

* Thesis, articles &
papers

* Mining concessions

* Logistics

« Utility supplies
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Green Cement Prospecting: New Scope for
Caribbean, Central and South America
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Confidential Upstream O&G — Australia: Assessing Naturally Occurring
Radioactive Materials in Produced (Connate) Water

Maximum and Minimum Reported Ra-226 (pCi/g) in NORM
Precipitates
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Upstream O&G: Presence of Only Comparatively Modestly NORM
Impacted Material

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

300
Only 6 samples (18%) have NORM-level (> 50 pCi/g) activities
250 of Ra-226
Consistent with initial geochemical modeling results
= 200 suggesting limited barite and NORM formation
g Presence of Pb-210 is interesting and suggests this is from in-
=} growth versus deposition from connate water
> 150
>
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