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@ Canadian Company founded in 1988

 Production and warehouses throughout Canada
* Quebec
e Ontario
* Alberta
* British Columbia

 Sectors of activity:
 Industrial and Municipal Potable & Waste Water
« Contaminated Soil and Groundwater

* Air, Odours and Atmospheric Emissions (Activated
Carbon, filtering medias)

* Process Water & Thermal Exchange Fluids (Glycols)
* Drilling Fluids (Oil and Gas & Diamond exploration)
« Aircraft De-icing Fluids

www.chemco-inc.com
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Excellence & Science through proud

CHENLCch Suppliers & Partners
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ADVANCED OXIDATION TECHNOLOGY (AOT) Since 2005

% ) PeroxyChem since 2005

CARBON

ANADANC Since 2014 BIOCONSERVACION
. Since 2014 carus® Since 2014

EOS Remediation, LLC Since 2016 Since 2017
*s GiREM Hoganas
Since 2017 Since 2018

www.chemco-inc.com



Science-driven Environmental Remediation Products:
Development, Validation, Commercialization

* Developer and Formulator of Remediation Technologies and Products

* Emulsified vegetable oils for Chlorinated Compounds, Nitrates, Perchlorate, Hex Cr . -
Electron acceptors for BTEX, MTBE, GRO/DRO, TPH, Non-chlorinated compounds EOS Rem9d|at|0n, I—I—C
Zero Valent Irons Abiotic Degradation and Sulfide Sequestration
pH Buffers for Aquifer Adjustment and Metals Immobilization
Research and Development in Emerging Contaminants
* In operation since 2002

« Headquartered in Research Triangle Park NC, USA

www.eosremediation.com

Woman-owned small business

‘ Copyright ©2021 EOS Remediation, LLC



What is In Situ Chemical Reduction?

v Introduction of a reducing material or generating reducing species to help degrade toxic organic compounds or
immobilize metals in the desired area

amnlEImost commonly used reductant is zero valent iron (ZVI
v Possible [[pligele [Nl tle] sl eI ERIE I RUEIEN to produce enhanced conditions to conduct microbial reduction
v Degradation / Immobilization of contaminants by EleJlel{{eXe]glelfe}i[eprocesses

v" Transfer of electrons from reduced metals (ZVI, ferrous iron) or reduced minerals (magnetite, pyrite) to contaminants
including chlorinated organics and heavy metals

v" Permeable Reactive Barriers (PRB’s) constructed using ZVI = example of simple ISCR

Combined ZVI/ fermentable carbon [EERERISEICEURYE ldERdf#advanced ISCR

Source: EPA

ISCR reactions of Fe?* with Bacterial extraction of
chlorinated contaminants electrons from carbon
and formation of Fe’* restore Fe’** to Fe?*

(Fe®* is the e acceptor)

Oxidized C

e donor
(reduced C)

Ethene

PCE

e ase e offec tvenass of groundwabe 1 <lean up



ISCR Terminology

« Electron Donor: reducing agents including elemental iron (ZV1), reactive minerals
(iron sulfides)

« Electron Donor: fermentable organic carbon (many)
« Electron Acceptor: contaminants including pesticides (DDT, Dieldrin), herbicides

(2,4-D), chlorinated solvents (PCE, TCE, CT), nitroaromatic explosive compounds
(TNT, DNT), and heavy metals (arsenic, chromium)

Dedication
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Chemical Reduction Advantages

v'Low Cost and Efficient. Sustainable Technology.
v'Uses natural processes and groundwater flow.

/Easy to implement and using

an be ysed by itself and with other treatment technology [(eflremediate soils and
groundwater

v'Simultaneous treatment of [falle]glgEE1t=le Relfe\a (el elel g eJe I’ Iale R e M CEVAANEIEIN] in the

soil or water

y NOT Applicable where contaminants are present at very high (i.e., % w/w)
concentrations

v'Combination of ZVI and a fermentable carbon g ? emulsified oils generally does not
result in accumulation of toxic products of partial contaminant degradation (i.e., little

or no VC from TCE) O@@
D




Chemical Reduction
In Situ/Ex Situ — Application range

Chlorinated Compounds

v PCE, TCE, cDCE, 11DCE, VC

v 1122TeCA, 111TCA, 12DCA

v CT, CF, DCM, CM

Herbicides, Pesticides

v Toxaphene, Chlordane, Dieldrin, Pentachlorophenol
Energetics

v TNT, DNT, RDX, HMX, Perchlorate

Metals and metalloids

v As, Cr, Pb, Zn, Cd, Hg, Cu, Cr, Ni, Sb, Co

Under aerobic conditions you can target

HAP, phthalates, perchlorate, petroleum hydrocarbon

 In Red: need to have an organic substrate and/or a ZVl/carbon combination Q @ @



Abiotic Dechlorination

2,
Fe2+ %
= + CI\C=c/H @@
- RX +H Dichioro- o O
acetylene TCE
RH + Cl- l 7 / H l H > H
H-C=C—Cl g SNe= T No=
Y @ _ el of W
Chiloro- trans- cis- 1,1-
e CVOC (RX) must ‘sorb’ acetylene 1,2-DCE 1,2-DCE DCE
to metal surface | \\ | 7
« RX loses Cl and gains H eomo—H £ 4 W AN
77K
I I Acetylene H Cl
o Requires direct contact ghbia
between CVOC and iron
particle (Tratnyek et al. ES&T, 2014) = H_ L H
4
H
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Direct Dechlorination Reactions with ZVI
LO®®

B elimination (abiotic) pathway

Dettdonb@ostiene Chidriosoetiieme Dichietygkthene

cEY e o
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Chemical Reduction-Mechanism

Direct Chemical ZVI or Carbon

Reduction Substrates

I(?r?érrﬁ%al ZVI or Carbon
: Substrates

Reduction

Stimulated

: ; Carbon

Biological Substrates

Reduction

Enhanced

Thermodynamic gﬁlrot;(t)rgtes

Decomposition

* Redox reaction at iron surface where solvent
gains electrons and iron donates electrons

* Abiotic reaction via beta-elimination

« Surface dechlorination by magnetite and green
rust precipitates from iron corrosion

» Anaerobic reductive dechlorination involving
fastidious microorganisms

« Strongly influenced by nutritional status and pH
of aqueous phase

 Energetics of dechlorination are more favorable
under lower redox conditions generated by

combination of ZVI and organic carbon Q @ @



Carbon + ZVI Synergies Generate Multiple Dechlorination
Mechanisms: ISCR

Material Oxide Film Boundry Layer Bulk Soin . . .
3. Biostimulation:
eServe as electron donor and nutrient source for
- — ) ) .
Diffusion @ microbial activity

¢ \/FAs reduce precipitate formation on ZVI surfaces

Fermentation

Reaction @

to increase reactivity

e Facilitate consumption of competing electron

acceptors such as O,, NO;, SO,

e Increase rate of iron corrosion/H, generation

Diffusion
\

1. Direct Iron Effects: e \ery low redox reached by addition of fermentable
carbon and ZVI (-500 mV)

* Two processes simultaneously reduce Eh

®

4. Enhanced Thermodynamics:

Hydrocarbon generation:

¢ ¢ Enhances kinetics of dechlorination reactions via

. ) . higher electron/H* pressure
2. Indirect Iron Effects: Dissolved iron 8 /Hp
precipitates to reactive minerals




Redox Potential evolution during a reductive phase
treatment period

400

200~

-2007

Redox Potential (mV)

-400”

-600- =
Time (days)

= Blank Inorganic ~* ZVI+ carbon substrate
Amendment Q @ @



Enhanced Reductive Dechlorination

o There are more microbes in a teaspoon of healthy soil than there are
* humans on earth!

o As of 2018 there are an estimated 1 billion species of bacteria
o One group; dehalo-respiring Bacteria

Capable of breaking down PCE & TCE(chlorinated solvents) eroscopy & Wi onalyicel reclly
Specific organism able to completely detoxify: Dehalococcoides (DHC) -

...BUT, DEHALO COCCOIDES NEEDs HYDROGEN to grow

Vinyl .
cis-1,2-DCE Chioride i Ethene

o,

Biological breakdown of PCE to Ethene (reductive dichlorination)




Substrate selection: Hydrogen Factor +
complexity = persistency

H,
Substrate Formula MW H,O per per H*H, H,/Kg
mole mole

Lactic Acid C,HO; 90 12% 6 3 0.50 59
Na Lactate C,HO; 112 40% 3 0.33 32

6
Glycerol C,H,O, 92 0 7 3 043 76
7

Ethyl Lactate | C.H,,O; 118 2% 5 0.71 58

Sucrose
(molasses)

Soybean Oil | C,H;;,,;Os 873 O 157 56 0.36

C2HgNO
P

C,H,0, 342 65% 24 12 050 25

Lecithin 758 100% 122 39 0.321

Consumes
0]
ZVI Fe 56 0 acidity 18




Bioremediation & pH

1. Soybean oil produces lots of hydrogen and moderate

20 H./ K // \\ acidity
150 2/ g 2. ZVI produces a small amount of hydrogen but consumes
/ \ acidity
< 100
X
T
0 ] . I Acidity Produced (can & does change pH of the aquifer)
0.75
0 -
+
Lactic a GI cerol hyl Sucrose oybe ZVI
Agcd Lacr:ate ’ L:ct:t:te YOII H /Hz

Laillap

Lactic Na leceml Ethyl Sucros Sovbea

Acid Lactate Lactate O @ @




Properties of Emulsified Soybean Oill

e Soybean oil hydrolysis
. 1 glycerol (C53HgO,)
. 3 long chain fatty acids (C;gH3,0,)
Fermentation releases both H, and fatty acids

« PCE& TCE — DCE TOC in Emulsion Treated
Use BOTH H, and acetate (short-chain fatty acid) Columns
e DCE & VC — Ethene
Use ONLY H, .
H, turns over very rapidly (Fe(lll), SO,, CH,) 3 400 — Cheer!
H, only occurs near fermentable carbon £ 300
8 200 Acgtate
o

e Sources of Hydrogen
Vegetable oll
Proprionate, butyrate, valerate, , ,

0 200 400 600
Time (Days)

NOT acetate Q @ @



EOS Substrate Properties

Properties of “water-less” oil products Properties of traditional EVO products
EOS 100 Oil droplet diameter (PSD Analysis) EOS Pl’O
454 = Differential Volume - Differential Volume
'4_ n _ ] Ly I
lpm " i 100um = 6 4L m
35 [ | i u 5 AL ®Fum
3 ] H M | _ L
9 [ M L [ £ 44 [
< 2541 o
E o . . S
§ 1.5 m > 5
1 - 1-
|
0.5 | 077 T ! T T T T T T T T ‘(
o 004 01 02 04 1 2 46 10 20 40 100 200 400 1000 2000 |
004 01 02 04 1 2 4 6 10 20 40 100 200 400 1000 2000 Paricle Diameter (m) )
Particle Diameter (um)

" at 1000x

'..;'4.‘: 87,

at 1000x

Mean Droplet ~ 10 microns Mean Droplet ~ 1 micron




Distribution of Amendment is key

Complete dechlorination of TCE 2 Ethene (non-toxic)

Injection Well

600 T
~
—~ 500 + —e— Acetic Acid 3
= 3
g 400 —e—Propionic Acid | =
= 73
E 300 T ~o—Butyric Acid :"
| —e—Other Fatty Acids | <
100 =

- , 5 - Emulsion transport is very similar to
300 colloid transport (e.g. bacteria)
Days
Good TCE = DCE but Poor DCE = Ethene « Small oil droplets (~ 1 um) easily pass
10 Ft Downgradient through most pores (30 - 100 pm)

100 T
. >
:{ 30 4 —a— Acetic Acid <
o o Prosionie Acid <
_g. 60 + ropionic Acl :::
. o =~
g a0 1 —»— Butyric Acid E.
o ~
—e— Other Fatty Acids | ==
20 + =
0 | S

300
Days




ZVI + Carbone Synergies brings multiples
dechloration mechanism

Direct Chemical Reduction

Water table

\

T
:'.:III'% Injection layers
Iy ’ / "

20m
Groundwater flow —»

Stimulated Biological
Reduction

Indirect Chemical Reduction

Enhanced Thermodynamic
Decomposition

IO




ZV1 + FOC blend influence on Redox potential in the
subsurface aquifer

60 ft (18 m) injection zone Centre of 10 ft (3 m)

Upgradientof 10ft(3 m)into Injection Zone Downgradient of
Injection Zone Injection Zone (30 ft; 9 m) Injection Zone

100

-200
>
E 300
=
w
-400
Flow
——
-500

600 TN AR (o
Source: URS o !/II "hf/}l




IN-Situ Remediation Performance Database

 Bio vs ZVI
* Bio morecommon at lower concentration sites

« ZVImore common at high concentration sites (McGuire et al., ESTCP 2016)
& | &
Remediation Performance: Parent CVOC ‘@(\Q Remediation Performance: Parent CvOC 0‘\9“9
%) o o
1000 wo 1000 N e&,&o
‘ mBioremediation (=117) ng % @ Chemical Reduction (n=21) \}‘Q
g _E_ oo Qo(\
£ 10 - 2| 100 L
(7] ") Q’Q
E E R
H ] 20 &
=l 10 =l 10 W
[ [
= = o"‘
< < 0 &
ch it 5 1- > &
# B *e‘*‘)’
t € 00 o
8| o1 8 g1 & <F
& 5 &
(3] w )
2 = o°
@ go Ai o0 - ®
MCL
0001 Hem™ -8 - - 4 0.001 - —e
0001 0.0 0.1 1 10 100 1000 0001 0.1 0.1 1 10 100 1000
Site Concentration Before Treatment {mglL) Site Concentration Before Treatment {mgL)
Dependency on site conditions Better overall reductions

High chance of reaching MCL Low chance of reaching MCL
Cost ~$35to $228 per m3 Cost ~$82 to $334 per m3 Q @ @



Technology Sweet Spot

» Low to Moderate (10mg/L) CVOC concentrations DNAPLs (CVOCs >25 mg/L)
» Single contaminant group — Contaminant mixtures

* PCE, TCE, cDCE, VC . TCAandTCE

« TCA,DCA, CA

. CT.CF. DCM — No pH limitation

« TNT, RDX, HMX, ClIO4 — Contact is key
* Metals and rads — Smaller source areas “hot spots”

» Neutral pH — Jump start bioremediation
Can manage low pH with buffer
(CoBupH)

:> There is an option to use both

e Utilize same redox conditions
* Both produce hydrogen

* No cross-interaction Q @ @




EOS 2VI1

Combination of micro-scale zero valent iron and EOS 100.

Zero valent iron and self emulsifying oil provide a combined abiotic and
biotic degradation. No water-formula means no loss of reducing power unti
ready for injection. A variety of ZVIs sizes and types can be used in EOS ZVI t
meet the site and budget needs.

We can source iron powders too if no oil is requested.

50% Zero Valent Iron

41% Soybean Oil

~7% Food-grade Surfactant
~1.67g/cc

Compare to eZVI (NASA) 10-17%
by weight ZVI
Oil-water emulsion: short shelf life 60%
higher cost on Ibs. of iron basis




ZV| Reactivity & Surface Area

o Trade-off between: Reactivity, injectability, cost
e H,O®@ OH-+ H,at metal surface

e H,use for biological ERD

Best diameter for injection

1000
Nanoscale particles Microscale particles Granular
particles
100
& BASF
©
¥
S 10
£
E
oc
1
y = 6.9036x0501 e
R?2=0.5643
0.1
0.01 0.1 1 10 100 1000
Dso (um)
Days Months Years

Velimirovic et al. 2014:; Tratnyek and Johnson, 2006

Fe2+

e H,0

OH "+ H;,

/4

catalyst

IO




Bench Scale Laboratory testing

v Site groundwater and aquifer material needs to be used.

v Proper sampling and sample handling is essential to avoid
sample alteration (aeration) that may result in testing
artifacts.

v Flow through column tests are preferable to batch test.

v Fileld pilot-scale test are strongly recommended as a
feasibility step, either following the lab evaluation or stand

alone, for As treatment especially.




Design and Field Measurements Requirement

Total concentration in soil and groundwater of targeted metals
Dissolved (field filtered) metals concentrations

pH, Redox Potential (Eh), Dissolved Oxygen

Cation scan (calcium, sodium, magnesium, silicon)

Anion Scan (chloride, sulfate, nitrate)

Total Organic Carbon (TOC), Dissolved Organic Carbon (DOC)
Alkalinity

<N X X X X X

These parameters are used to assess the applicability of an ISCR approach and for
optimizing the application rate. The same parameters are also recommended
monitoring parameters

SIOLEY
D



Case study 1
Dry Cleaner Site, CAlifornia
Tight Clay Site



Treatability Study using EOS ZVI

40000
35000 Third party consultant performed
30000 a 1 week treatability study:
« Each microcosm contained 115
25000 mL of groundwater and 30 g of
soil
20000

« Performed two doses; 2mL and
15000 10mL of the EOSZVI

« Samples were collected and

Groundwater Concentration
ug/L

10000 measured in duplicate
5000
0 - m B L
Control 2mL EQOS ZVI 10mL EQOS 2ZVI
B Trichloroethene 33800 2560 2710
B Cis-1,2-Dichloroethene 1860 4030 263

IOy
D



Case Study 1 with EOS Pro and ZVI

DPT injection of EOS Pro, BAC-9 and ZVI at a dry-cleaning site; subsurface was Silt with some Sand

MW-5 Source MW-8 Downgradient
180000 E 12000 120000 : : 3500
160000 : : :
140000 o 100000 o
2500
— 120000 8000 _, _, 80000 .
= W W B
&5 100000 > > 2000 ¥
Q 80000 P 5 g 60000 5
O s > 1500 2
60000 4000 v 40000 00 "”
40000
20000 : 2000 20000 500
0 . N~ 0 0 0
b & 0 @ @ @ @ 9 D O D b A A @ @ @ @ 9 D O O
\\ N N N NS NS \S \ N2\ 2\ NN QY QT QT RQRQQ YO
f{,"{\'Q f\,\\r\g Q@Q \°‘<\'Q '\9\(\9 \'\0'Q \bg\'Q \'\i\'Q \"’\’\'Q \“}’\'Q \"3\’\9 o O @ o P P o '\99 (0\,\9 > ‘o\q'g %\r\'g
A Y Y U et R AN o AT P QDAY QYO
—FPCE TCE  =——cis-DCE VC  =——Ethene —PCE TCE  ——cis-DCE VC  ——Ethene

------------- Injection event Q @ @



Case study 2
Operating Industrial Site, Brampton, ON
Tight Clay Site



Case Study 2 - Operating Industrial Site, Brampton, ON
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o ! @ Contamination located around 3.0 to 5.0 mbgs
A ™ | | Q Tight Clay Aquifer
ER | 4 W Very low level remediation criteria for cVOC
oo /% /| O Mix of reducing fermentable carbon & soluble iron as the
selected amendment (EHC-L®)
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Figure 1 — TCE Plume Contour — October 2017



Case Study 2 - Operating Industrial Site, Brampton, ON
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] 1
I | ]
l AT I
' SPECTROMETER e !
~
I RooM Mwscsi 5,
5 0
(51.8)
] ]
| WAX ROOM I
] MAINTENAMCE LOFT (2MD) 1
I % ROOM FLOOR ROOM I
1 ]
| AUTO |
! CLAVE : C?/
s
KNOCKOUT FOUNDRY L
ROOM - MW203
(4.78)
SHELL ROOM
]
| DUST COLLECTOR
m Sanp solLER
COMPRESSORS
I MW202 &
[ 2.52
g SODIUM 4 )
1 & HYDROXIDE
=z STORAGE
[
& © & Mw201
1 Mwa08 nsi-
ND(0.5]
(ND(0.5)) S= WASHROOM!
88 LUNCHROOM
| o
FINISHING
ROOM
] FORMER TCE
STORAGP 50
WASTE DARK ROOM —
LEGEND \ STORASZ INSPECTION )
—— A PPROXIMATE SITE EQUNDARY | AR 15
5 MONITORING WELL INSTALLED XRAY ROOM —— '
BY exp IN OCTOBER 2013 ALUMINUM HEAT TREATMENT . 174
@D MONITORING WELL INSTALLED ! & B H
BY exp IN DECEMEER 2013 l CONCRETE (NS) BHTT g Mwi01 (36.5) |
L] MONITORING WELL INSTALLED sane PAD (61. E) (185) (12E)b
BY erp N ULYRUGUST 2018 05 H
[ ] DEEP MONITORING WELL Bre® - ST MW301
INSTALLED BY &9 IN AUGUST 2014 I (ND{D.5)) - BHé——_ ¥ mwin2 (5.45) e
FOR VERTICAL DELINEATION s \\ (147) (5.
& @& BURIED MONITORING WELL H =W ch u EHID 1
(1.93)  TCE CONCENTRATION (2017} ~BHS (25 5) |
. TCE CONCENTRATION (2014) (346) GRAVEL
[ 0 A PARKING LOT ) MW303 !
" GHD BOREHOLE LOCATION A 500 (38%)
L MONITORING WELL INSTALLED T ~8Hs 80
BY GHD IN SEPTEMBER 2017 1 3on0° /W @ EE‘T’-'\T 1
— 1= 7cE concentRaTION conTours | 400/
ARE ESTIMATED BASED ON
AVAILABLE INFORMATION AND
ARE APPROXIMATE
1 ]
NS O SAMPLE COLLECTED DUE TO
M e UshL AmovE waTER TABLE Mw208
(1.93) Mw207
] (ND(D.5)} ]

(D 5))"
DRIVEWAY

Figure 1 — TCE Plume Contour — October 2017

Case Study 2 — Post injection monitoring Results

Trichloroethylene

1,1-Dichlorethylene

Cis-1,2-
Dichlorethylene

Vinyl chloride

24
months months Baseline 6 months months

17

17

17
(L7

6 months months

<0,50 <0,50

<0,50

<0,50 <0,50 566 63

<0,50 <0,50 <0,50 2,38

757 231 225 765
355 1,54 <050 0,8
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225 224
<0,50 6.31
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Performance Monitoring Results :
In-Situ Remediation Program Brampton, Ontario

IN SITU REMEDIATION PERFORMANCE MONITORING
SUMMARY OF GROUNDWATER VOCS

1200 B Trichloroethylene  m1,1-Dichlorethylene m Cis-1,2-Dichlorethylene Vinyl chloride

(]
]
Baseline =
Baseline
Baseline
& months
Baseline
& months

Concnetration (ug/L)
) S o g
g 8 8 8 =&
-
-
EmMonths  ——
-
12 months  m———

18 months  ——

"
.

N
-
[
|
1
-
I
-

6 months
12 months
18 menths
24 months
24 months
12 meonths
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24 months
12 months
18 months
24 months

<
S

W406 W101

=
2
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Case Study 2 - Summary & Conclusions

1 Highly anaerobic and reducing for over 24 months

 Plume pulled back from the property line and off-site migration
of TCE was prevented

1 Post injection changes in geochemical parameters indicate
that chemical and microbiological treatment of TCE and N _
daughter products has occurred in wells MW-101 and MW- Reagent Mixing Station
402, MW-403 & MW-406 which were under the influence of
EHC-L

1 EHC-L combined remedy met the site-specific remedial objectives
while limiting the vinyl concentration build-up
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