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any founded in 1988

d warehouse facilities in Quebec and throughout
trategic Business Alliances

activity:

- Industrial and Municipal Waste Water
- Contaminated Soil and Groundwater

~ Air, Odours and Atmospheric Emissions (AC, filtering
medlas)

— Process Water & Thermal Exchange Fluids (Glycols)
— Drilling Fluids (Oil and Gas & Diamond exploration)
— Aircraft Deicing Fluids

“Products (environmental): coagulants, flocculants, nutrients,
bacterial preparations strains, OX|dants catalysts, oxygen and
- reductant, filtering media, odour control agents

Services: technical support, product selection, product supply
and sourcing, logistics, Iaboratones design, and staff training.
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El About our expertise, product and
CHEMCO . services

SOLUTIONS AND ENVIRONMENTAL PRODUECHS
WATERS - SOILS - AIR

and Education: technical transfer session, health and
g,

ting and Technology Site Assessment:

)gy support and selection (chemical oxidation, chemical

0N, co solvent-surfactant soil washing and enhanced

nediation);

pducts supply, logistic and storage: nutrients, bacterial
parations strains, oxidants, reducing agent, catalysts, oxygen and
Irogen release compounds, co solvent-surfactant blends
Laboratory Services and Analysis: Groundwater Parameter
alysis, Tracer Study, Soil and Groundwater Oxidant Demand

aluation (SOD), Bench Scale Treatability testing




our Extraction under vacuum with or
air/steam injection

ical Oxidation In-situ//Ex-situ
mical Reduction In-situ//Ex-situ
nitored Natural Attenuation
hanced Bioremediation

Isk Analysis

oil Washing

Permeable Reactive Barriers
Thermal degradation




%) PeroxyChem

Oxidation Chemistry

Remediation time and cost

Dig & Hull
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U Chemical Oxidation /
Situ Chemical Oxidation
rinciple and Applicability



ation Principles

cal oxidation treatments are commonly
In potable and wastewater applications

ants are non-specific and will react with
targeted contaminants AND with the soil
ganic and mineral content.

hemical oxidation reactions involve the
ransfer of electrons and the breaking of
chemical bonds

Water is the carrier for the oxidants used in
chemical oxidation (except for ozone)



ical Oxidants

IS a gas and must be produced on site
gas must be injected into the soil

equires activation to generate free sulfate radicals.

eat, chelated metal, alkaline, hydrogen peroxide, surface, organic can be used to
activate the persulfate. Activation method can be adapted to site conditions.

rcarbonate
Requires activation to generate free radicals

OTES: 1. ALL THESE PRODUCTS REQUIRE ADEQUATE HANDLING
PRATICES AND SAFETY EQUIPMENT.

2. Chemical oxidation can slow down the biological activity but will
NOT sterilize the soil completely (potential benefit because of
lower toxicity after the Chemical Oxidation is completed)



Oxidant

Potential
(eV/mol)

Form

Persistence in soil

(MnO,)

Ref. John Cherry & M. N

Fenton Reagent Liquid Low to medium

(OH%) 2 to 5 days
Retardants use can
extend up to 20 days

Perozone (O ;+ | 2.8 gas/Liquid |Very Low

OH%) 20 min to 2 days

Activated 2.6 Liquid/ Medium

Persulfate (SOy) suspension | 10 to 30 days

Ozone (Oy) 2.42 gas Very Low

2.07 20 min to 2 days

Persulfate 2.01 Liquid/ Medium

(5,04 2-) suspension | 10 to 30 days

Hydrogen 1.78 Liquid Low

Peroxide 2 to 5 days

(H,0,)

Permanganate |1.68 Salt/Liquid | High

Moredhan & moath, 2

D03



Contaminant/Oxydant

L
L
G

L

Polycyclic Aromatic
Hydrocarbon
(PAH)

MTBE

Chlorinated Ethenes
(PCE, TCE, DCE, VC)

U

—

Carbon Tetrachloride

(TCA, DCA)
Polychlorinated Biphenyls L
(PCB)

Energetics (RDX, HMX) =

—

S20s

e=
G

L/G
G

L/G

L

G

ow G=Good E=Excellent 1=Perozone

SO4"

=
G/E
G/E

=

m rm

L/G
G/E

Source: Carus Chemical Company
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for Selecting Chemical Oxidation

Chemical Limitation / Possible
Oxidation Disadvantages | Alternative
Applicability Options
Mobile NAPL Probably not | High oxidant Liquid Extraction
the best requirement ($) | Thermal degradation
choice
Residual NAPL Yes, but High oxidant Extraction with
(higher than difficult requirement ($) | air/steam injection
10,000's mg/kg) Thermal degradation
High conc. in Yes, good Normal Extraction with
soil/groudwater | conditions considerations air/steam injection

(10’s — 10000’s
mg/kg)

Bioremediation

Dissolved plume
(<1 mg/kg)

Yes, but could
be costly

Higher cost due
to SOD

Bioremediation,
Reactive barriers

Source : ITRC 2004

NAPL: Non-Aqueous Phase Liquid




mand (SOD)

ant will react and be consumed
organic material contained in the
nd by some minerals.

ch scale testing and/or pilot testing
recommended for better and more
act SOD evaluation



Soil Oxidant Demand (SOD)

(adapted from Shaw E & | presentation - 2003)
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Sand Sand A Clayy Silty Clay Clay Peat/Humic




Carus Haz Rem
Assessment Process

Preliminary Additional Site

Site Assessment Chgracterlzatlon
(if necessary)

‘ v
Aquifer Contaminants of
Characteristics Concern (COCs)

\ 4

Soil Groundwater v

Geocheimistry Geochemistry Treatability

Study
*Geology Porosity *pH —
-Permeability *Particle size distribution || <Alkalinity *Soil oxidant demand
«Hydraulic conductivity +Soil moisture DO *Groundwater oxidant demand
oHetercEfeneity Fe «COD «Contaminant oxidant demand

«Contanpinant phase pH TOC *Degradation kinetics
«Contaminant Distribution «TOC *Fet2 and Mn*2

Determine delivery

method Il
{ Pilot-scale testing, modeling & tracers study

DetermMhe the J, Defermine

number and location Determine oxidant estimated
of oxidant delivery Loading rates remediation
point duration

(Adapted from R. L. Siegrist et al., “Principles and Practices of In Situ Chemical Oxidation Using Permanganate”, p. 202.)

Metals




Iderations

Geological Considerations MnO, S,03 SO, Fenton’s Ozone

Non-consolidated material

e Sand and gravel = = = = =
e Silty sand G/E G G L L
e Mixed G/E G/E G L L
Consolidated material

e High flow = = L/G L/G L/G
e | ow Flow G G G L L

G=Good E=Excellent

arus Chemical Company



| considerations

Hydrogeological MnO, S,0s3 SO, Fenton’s Ozone
considerations

Saturated Zone E = G G G

Non-saturated Zone G* L/G L/G L/G G
with groundwater flux:

e slow G € G L L

o fast G G G G G

G=Good E=Excellent * If temporarly flooded.

: Carus Chemical Company



onsiderations

Geochemical
Considerations

MnO, S,0s SO, Fenton  Ozone

E E G L L
content
High organic matter L G G L L

content

G=Good E=Excellent

Carus Chemical Company



Criteria MnO, S,0g4

Low  Low
Low  Low
Low  Low
E E
GE* E

Impact on Water quality Mod.  Mod.
L

ow  High

T
Development

G L

G L

e: Carus Chemical Company

siderations

SO,

Low
Low
Low
E
E
\Y[o]o}
High
G

G
G

G=Good E=Excellent Mod. = Moderate

Fenton

High
High
High
=
G
Mod.
High
=

Ozone
High
Low
High

Low
High
€



considerations (2)

ts can change the oxidation state of
and thus increase their solubility and

s of particular concern are: chrome, lead,
ilum, selenium, vanadium

most of these cases, the metals will come
ck in their reduced state once all of the
xidant has been consumed by the
environment

Impurities contained in the oxidant must be
evaluated

In the case of arsenic, oxidation will help
iImmobilizing the metal by reducing its
solubility



Xidant/contaminant

MnOs S20s SO4" Fenton’s Ozone

Petroleum Hydrocarbon L G/E = E E
L EFG/E E
ERPLG GIE E*

L

Polycyclic Aromatic G E E
Hydrocarbon
(PAH)

MTBE

L/G
T
(PCE, TCE, DCE, VC)
' G
G

Contaminant/Oxydant

m rm rm

—
m m
m @

—

L/G L/G L/G
G/E G/E G

Carbon Tetrachloride

L
(TCA, DCA)
Polychlorinated Biphenyls L L G G/E G!
(PCB)

Energetics (RDX, HMX) = G = = E

ow G=Good E=Excellent 1=Perozone

Source: Carus Chemical Company



assium

» Potassium
Permanganate
— Powder (dust issue)
— Soluble to 3 % (field)

— More complex injection
equipment

. — Higher injection volume

T injection — Longer injection time

volumes )
- . — Less expensive than
— Lower injection time sodium

— Higher cost than
potassium

ailable up to 40 %

ess complex injection
equipment



sage

~ high pH
peroxide

mFe

® heat

ate Activation Mechanism

Alkaline Activated Persulfate
— High pH
— Well suited for suited for most applications
— Reductants, oxidants and nucleophiles

Iron-Chelate Activated Persulfate
— Chlorinated ethenes and hydrocarbons
— Less contaminant mass

Heat

— Complex sites
— Polishing step after thermal treatment

Hydrogen Peroxide

— Sites that benefit from vigorous reaction with
both hydrogen peroxide and sodium persulfate

Surface Activation
— Solid activator — all in — one product



fty Bench Test Looking at
ng Carbon Tetrachloride Site

Test 10: Carbon Tetrachloride Reduction in Real World GW Sample
Using Different Oxidants

Concentration, ug/L

Third Party

Amendment GBASP-4%

(SP/B/G = GBASP-8%

1/2/0.05) (SP/B/G =
1/2/0.1)

m Control m Low Dose - 10 g/L Medium Dose - 25 g/L ® High Dose - 50 g/L

Courtesy of ISOTEC



Chemical Reduction / Ex
hemical Reduction Principle
and Applicability



ction Principles
situ

emical Reduction (ISCR) is
as “a process that combines
and abiotic reactions to treat

aminants by creating reducing
ditions”

ISCR can be enhanced by anaerobic
‘bloremediation

ISCR also provides abiotic/chemical
degradation component if a metal (zero
valent iron or other) Is present



| Reducing Agents

= Nigh fructose corn syrup
~ Whey

» Soluble Iron Compounds






ogen Factor

urce: EOS Remediation



oll during Reductive Phase

treatment time (days)

~Fermentable — ZVI + Carbon

Control
Carbon technology



Mechanism

Material

ZVI alone and
Carbon

Dechlorination Mechanisms

Description

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

Abiotic reaction via beta-elimination

ZVI alone and
Carbon

Surface dechlorination reactions mediated by
magnetite and green rust precipitates formed
from iron corrosion products

3. Stimulated
Biological
Reduction

Carbon alone

Anaerobic reductive dechlorination involving
fastidious microorganisms

Strongly influenced by nutritional status and
pH of aqueous phase

4. Enhanced

Thermodynamic
Decomposition

ZVI alone and
Carbon

Energetics of dechlorination more favorable
under lower redox conditions generated by
combined ZVI corrosion + carbon fermentation
(AG, Nernst equation, pH, Eh, T, P)




ion Reactions with ZVI

Oxide Film Boundry Layer Bulk Soin

-
Diffusion <::>

Reactions:

Fe® — Fe?*+2e

fron /7 Conduction | 2H,0 —> 2H* +20H
e >
/ 7 Metal 2H* +2e — Hag

/ R-CIl +H* +2e- > R-H+CI

Diffusion




Synergies Generate Multiple
on Mechanisms: ISCR

Material Oxide Film Boundry Layer Buik Soin

3. Biostimulation:
* Serve as electron donor and nutrient source for

Diffusion microbial activity

* VFASs reduce precipitate formation on ZVI
surfaces to increase reactivity

» Facilitate consumption of competing electron

-
VFA

+

Fermentation

Reaction T

<

acceptors such as O,, NO3, SO,
* Increase rate of iron corrosion/H, generation

Diffusion

g ' 4. Enhanced Thermodynamics:

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

* Two processes simultaneously reduce Eh

* Enhances kinetics of dechlorination reactions

Hydrocarbon generation:

i - - ia higher el H*
2. Indirect Iron Effects: Dissolved iron via higher electron/H" pressure

precipitates to reactive minerals




ant Reduction Pathways with
ron and Carbon as Drivers

Biological Pathway Driven by Hydrogen from both Fermenting Carbon and Iron

H Cl H H H H H
N {7 2e-¢HY O £ sp-sHE S PR TU "H 2e-+2Ht
C C Q\ -

el _C\[.‘I el cf - Cl G- ch_q‘cl G- H;C_C\N

TCE cis-1,2-DCE VI cthene

2 a- \
-2 C1- 2e-+H*
2e-+H*
-

H=C=C—ClI
chloroacetylene acetylene

He=C=—=C-—H

Abiotic Pathway (B—Elimination): Direct Iron-mediated Chemical Reduction

Abiotic reactions minimize/eliminate DCE/VC.

Secondary iron mineral by-products like pyrite (FeS) generate persistent reactive
zones supported by modest amounts of background carbon.

Biological reactions have advantages in physical distribution and longevity.

Synergy between iron and carbon facilitates more efficient destruction.




bon Treatment

Direct Chemical Reduction
Water table

\

||||I||II
::::'l:% Injection layers
II||||I||I
20m

Groundwater flow —» —

Indirect Chemical Reduction

20m

—>

Stimulated Biological
Reduction

20m

Enhanced Thermodynamic

Decomposition
M
y

gl
20m




7 Bioremediation

Natural Attenuation — biotransformation occurs naturally: indigenous
microbes & nutrients present (Monitored Natural Attenuation - MNA)

Bloaugmentation — indigenous microbes not present, so organisms are
added



ign & Injection



ield Measurements
nt

ation in soil and groundwater of targeted metals
eld filtered) metals concentrations

Potential (Eh), Dissolved Oxygen

an (calcium, sodium, magnesium, silicon)

can (chloride, sulfate, nitrate)

rganic Carbon (TOC), Dissolved Organic Carbon (DOC)

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



siderations ZVI + CS



nS|der for a successful

Balance (C:N:P ratio)
eology and hydrogeology consideration
Per micro-organisms presence

robic or anaerobic conditions to support
loremediation in soil and groundwater.



ceptual Remedial Design Strategies
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Dosing: 0.05 to 0.2% wt/wt
Line Spacing: based on 1 year
g.w. travel distance



aboratory testing

and aquifer material
d.
Ing and sample handling is
avoid sample alteration
that may result in testing

rough column tests are preferable to
est.
pilot-scale test are strongly

mended as a feasibility step, either
wing the lab evaluation or stand alone,
As treatment especially.




nstallation Methods

ction Methods:
Direct injection

Well injections

— Hydraulic fracturing
— Pneumatic fracturing
— Jetting

— Electrokinetic




rinciple and Applicability



emediation Advantages

ural in-situ processes already at play
es natural groundwater gradient, naturally
biodegradation.

nergy and cost effective
tively easy to manage and handle.

n be used in tandem with other remedial
chnologies that address small amounts of residual soil
nd groundwater contamination
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fﬁ Department of Environmental Protection i

SCHOOL BUS
TURNAROUND

REMEDIAL COMPLEX

122

124
AJ(S.T.O.P.1S.S.)E

J®MS005

| Former mall converted
% to charter school
Drycleaning operations
ST AR NI -t stopped in 1996
N A o

(MECHANICAL
ROOM)

)
% RWO12 AND RWO13
(COMPUTER
LAB)
109 4/

156

132
(COMPUTER

SCALE
;s i 134 LAB)
0 20 40 FEET (COMPUTER

LAB)

Paul R. Lear, Ph.D.

&AW Shaw Environmental, Inc.



Assessment
Summary

FORMER ONE—STOP

LEGEI
FILL, MEDIUM FINE SAND WITH
LIMESTONE FRAGMENTS

\YEY SAND, MEDIUM TO FINE GR
MEDIUM TO FINE SAND WITH >15%
LIMESTONE FRAGMENTS

MEDIUM TO FINE SAND WITH <5%
LIMESTONE FRAGMENTS

LIMESTONE FRAGMENTS WITH MEDIUM
TO FINE SAND

SHELL ER

MEDIUM TO FINE SAND WITH 15% C

Depth to water: 6 to
It bls e b e
City wellfield is
Impacting plume (up SR SRR SR
to 3 ft/day) | Eamra s b

CAPILLARY FRINGE FIRST ENCOUNTERED

45 soil samples (up Bl e .
to 486 mg/kqg) B

"\ Dissolved PCE >
99,000 ug/L

E GRAINED WITH 30%

CEMENTED LIMESTONE

=
o]
pu}
[
m
—
Ll
i
[

Shaw Shaw Environmental, Inc.




One

AOC 1:

Unsaturated Source : SVE

(0 -8 ft bls)

e Source reduction to minimize
leachate

e Aggressive remediation of
unsaturated soils

AOC 2:

Saturated Source: ISCO

(8 -70 ft bls)

e Saturated soil treatment

e Groundwater remediation
e Residual DNAPL treatment

A
A.<

N
\// ™

e Groundwater remediation \/
-

AOC 3: Extended Dissolved
| Plume; P&T
(8 — 60 ft bls)

e Plume containment — 7
o

/wog

SCALE
20

>~ _§, RWO12 AND RWO13 /
30

Remedial Strategy

N
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Groundwater
Injection/Recovery

Equipment
compound




Oxidant Injection
Summary — Phase |

Gallons of
undwater recovered,
reated, and reinjected

822,300 Gallons of 0.6%
KMnO, were injected

* 42,440 Pounds of KMnO,
was placed (13 cycle
bins)

* Injection flows were
typically 2 to 14 gpm at 5
psig (initial)

Paul R. Lear, Ph.D.



.ana* SIDEWALK ROOM 115 - HALLWAY CLOSET ROOM 124 MAIN HALLWAY ROOM 204
feauimgg I IT; [y Jmaz] Lo quuiERRe dmib

0 ASPHALT /
11,380 . ___

[T T T A AT A AT

FEET BELOW LAND SURFACE
FEET BELOW LAND SURFACE

i

LEGEND:

NOTE: RECOVERY WELL GROUNDWATER ELEVATION (JANUARY 30, 2002)

SEE FIGURE 5 FOR CROSS SECTION PCE CONCENTRATION (ug/L)
LOCATION.
PCE CONCENTRATION CONTOUR (ug/L)
MONITORING WELL
NOT SAMPLED

HORIZONTAL SCALE MULTI-LEVEL POINT NOT DETECTED

17.5 35 FEET
INFERRED GROUNDWATER FLOW PATH
VERTICAL SCALE BASED ON ACTIVE RECOVERY WELLS

10 20 FEET

Shaw Shaw Environmental, Inc.
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NOTE:

SEE FIGURE 5 FOR CROSS SECTION
LOCATION.

HORIZONTAL SCALE

17.5 35 FEET

VERTICAL SCALE

10 20 FEET

Shaw Shaw Environmental, Inc

LEGEND:

RECOVERY WELL

MONITORING WELL

MULTI-LEVEL POINT

GROUNDWATER ELEVATION (JANUARY 30, 2002)
PCE CONCENTRATION (ug/L)

PCE CONCENTRATION CONTOUR (ug/L)

NOT SAMPLED

NOT DETECTED

INFERRED GROUNDWATER FLOW PATH
BASED ON ACTIVE RECOVERY WELLS

FEET BELOW LAND SURFACE




pSt-Injection Dissolved VOHS — oct. 2002
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LEGEND:

NDTE: RECOVERY WELL GROUNDWATER ELEVATION (JANUARY 30, 2002)

SEE FIGURE 5 FOR CROSS SECTION PCE CONCENTRATION (ug/L)
LOCATION.
PCE CONCENTRATION CONTOUR (ug/L)
MONITORING WELL.

NOT SAMPLED
HORIZONTAL SCALE MULTI-LEVEL POINT

NOT DETECTED

17.5
INFERRED GROUNDWATER FLOW PATH
VERTICAL SCALE BASED ON ACTIVE RECOVERY WELLS

10

| Shaw Shaw Environmental, Inc.



Phase I Dissolved Mass
Reduction Estimates

Pre-Injection Post Injection Rebound

Dissolved Dissolved
Depth Average Mass Average Miass

(ft. bls) | Concentration : Concentration :
(ug/L) Estimate (ug/L) Estimate

e The ISCO system has been very effecting at mass reduction in the center of
the dissolved plume.

e Rebound sampling has shown that 21 wells were reduced from starting PCE
concentrations ranging from 180 ug/L to 63,950 ug/L to non-detect levels.

e [he strong rebound or (recharging due to leachate) at MS003 and the

| deeper contamination represent the areas of significant mass still remaining

' & on site.

i Shaw! shaw Environmental, Inc.




ation
M Corporation

Ive Engineering & Construction
-

K you for your attention !
e a good day !!!

ntact information:

Il: jean.pare@chemco-inc.com
418-953-3480
Site: www.chemco-inc.com



mailto:jean.pare@chemco-inc.com

dation Détails



dium or potassium)

from pH (3 to 12, optimum 7) for
chemical interaction

ontaminants residual value obtainable

density (around 1.3) helps distribution
d penetration

ong reaction times allow higher distribution
listance and better desorption processes

I'Applicable in many soil types

- Manganese dioxide can be kept in solution
using a polyphosphate mix



n: Reactions with Water
e is activated when the solution is raised to

lvation (Furman et al., 2010):

S,04* + 2H,0 — HO,” + 2S0,* + 3 H*
HO, + S,04% — SO, + SO4% + H+ Oy
SO,e” + OH"— OHe + 5042'

, <> HO, + H* pK, = 11.7)
S.
xidative radical: SO,e", and OHe

eductive radical: O,e"
Nucelophiles: O,e and HO,

alogous to the chemistry that has been studied with
talyzed hydrogen peroxide (CHP)

13, 2016



lon: Electron Donation

n’s Reagent:

Og* + Fe (Il) —» Fe(lll) + SO, + SO,
S,042 + & — +80,?

/O e
Na* _O,S\O,O\//S\\,O Na
ation methods based on one electron transfer:
Reduced metals: Fe (II), Fe (0), etc
Organics
Hydrogen peroxide



'uction Détails



Aerobic Respiration

Anaerobic Respiration

Methanogenesis
Sulfate-Reduction

ron-Rec




ediation?

Femediate” means to use biological organisms to
veranrenvironmental problem such as contaminated

Respiration

Electron Acceptor ~Cornell University
A Oxyg en http://ei.cornell.edu/biodeg/bioremed/

Nitrate

lron

Sulfate

CVOC (PCE & TCE)

PCE TCE
@;ct:):@f; 2@ Energy I\/Iultlply

2

’ s W/




g Aquifer pH

2 e

EEERCHCI, (TCE) +HCI
N C-H.Cl, (DCE) + HCI
ERESNC H.Cl (VC) +HCI
B> C,H, (ethene) + HCI

RIS, > C,H, (ethene) +

Optimum pH for PCE

reduction appears to be
6.0-7.0
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