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Intervention History

Other consultancies : Worley
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Compounds identified in HHRA (2005) include carbon
tetrachloride, chloroform and 1,1,2,2-TeCA;

Pilot System molasses injections (green squares)
Full-scale molasses injections performed (2011 - 2019)

Limited success and strategy was reassessed.
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The Challenge and Our Solution

Chlorinated ethanes

Chlorinated ethenes

Chlorinated methanes

Carbon
tetrachloride

I Abiotic degradation _
Commingled plume

| 4

Chloroform l

Solution?

l

Biological degradation

Dichloromethane

Combine biotic and
abiotic strategies to
optimize COIs
degradation

ISCR-IR:
ZVI1 + Organic
components




ISCR-IR Injection Event

| 1P (plume) 10 4 40 |
PRB (Ipermea_ble 5 4 3.0
reactive barrier)

‘ Total 15 - - ‘

L , Phase 1 Injection Points

Phase 2 — Executed in Aug/2022

Radius of

Injection Points'| Injection |Layers per [liNfluence
points point (m)

| Pplume) | 33 | 4 | 25 |

1st step:

@ Grab samples in rush time to refine plumes and optimize injection points
(e, distribution

2nd step:

+ ISCR-IR injection in 10 additional points, based on grab sample results
o, (results > ref. values)

Phase I (2020/2021) CSM Refinement

7 N - -

Lo Phase 1 Injection Points (o) (o) Phase 2 Injection Points

~ - ~ -



Monitoring Program

Phase I (2020/2021) Phase II (2022/2023)

CSM Refinement
May Aug May
2021 2022 2023

Field parameters (monthly): ORP, DO, EC, pH;

Oct
2020

Geochemical parameters (quaterly): TOC | NO5™ | dissolved iron | SO,% | S%° | CHy;

COlIs concentrations (quaterly);

Microbial analysis (quaterly): gPCR (Total bacteria, Dehalobacter, crfA/dcrA/tmrA) | Next
Generation Sequencing.

Baseline sampling ISCR Injection event — smaller scale (15 IPs) . Analytical Monitoring . ISCR Injection event — 33 IPs




Phase 11
Performance
Evaluation

December -2022 to
November - 2023
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Field Parameters
ORP (Oxidation-Reduction Potential)

ORP values decreased
significantly right after
the injection.

Wells located close to
the injection: lowest
ORP values

(mean value: -93mV)

Upgradient wells and
wells located at the
external area presented
positive values (mean
values of +59 mV and

+299 mV, respectively).

Time

Baseline M-partial MO M1 M2 M3 M4 M5 [ M7 M8 M9 M10 M11

Well ID aug/22 nov/22 dec/22 jan/23 feb/23 mar/23 apr/23 may/23 jun/23 jul/23 aug/23 sep/23 oct/23 nov/23

Wells upgradient from injection points

PM-70 90 -34 20 47 -69 68 -105

PM-84 60 108 -115 74 | 460 @ 88

PM-86 171 27 60 182 -75 -95 -10
Wells close to injection points

101 -82 -123 -147

170 -25 -15
3 10

-24 -20

PM-82 67 72

PM-82B 20 -149 -59 -131 -92 60 154

PO-10R 49 -83 -62 -102 -100 -100 -69 -83
PO-10B -71 -130 -131 -11 -90 -96 -111 -111 -60 80 -22 -11
PO-11R 61 -101 123 -120 -88 -122 -70 -70 30 -87 -120
PO-11B -29 -98 113 -102 -91 -156 -31 -31 40 -120 -102
PO-12R 60 -60 -159 -135 -121 -80 225 -147

PO-12B 74 -151 -108 -96

PM-26 -53 -148 -108 -101
PM-34 18 -35 -119 -41 -61 -150 -141 -167
PM-36 20 -71 -109 -62 -20 -130 -133 -140 -148 -140
PM-54 114 -101 -152 -98 -160 -165 -144 -161 -154
PM-83 -159 -156 -126

PM-85 65
PO-13R 109 140

33
123

-32

PM-51 33 - -67
PM-30 150 - 80

231 201 - - - -
301 251 - - 302 -




Geochemical Parameters

Nitrate, sulfate, sulfide and methane

Sulfate

Nitrate

== 0€-Nd
= TS-Wd 2
- ()
|- z
T= ¥ET-0d
; g
= S8-Wd ®
5 >
- C
= ¢8-Wd 2
— O
. o
TS Wd 2
: 3
|m 9¢-Wd O
= pe-d
T T T e i
| — 97-Wd ]
] 1
m lazr-od |
| 1 9
i 1 ¥z1-0d £l
1 L o1
| . o
m arr-od 5!
m T ¥1T-0d 8!
i " S
i 490T-0d 21
i = ol
1 = M_
m = ¥0T-0d S
] 1
| 978-Wd |
u 1
I o 1
i ' 28-IWd “
| NS SN SNy Sy Sy SNy i S— - - 1
T 98-Wd =
— 5
= v8-Wd @
™ o
—— [=%
= 0/-Wd >
O O O O O ©O O O O O
O O O O O O O o O
Rw RN Aﬁ 7m nN 0w OV < N
(7/6w) uoneJauadU0) 931RYNS
] 0E€-INd
| 2
- ()
—lgg TSNd S
| - ©
| & HeET-0Od .PJ
il S8-Wd 2
! =
——INE csWd 9
B
—m YSWd 5 o
] c >
i 9€-Wd Z &
| [a) o
llllill ?Mlté& =
~tr-r1rr1rT’rereTereesss—————— |
] | 9T-Wd “—
| ! |
m i 921-0d o |
“ P £
" I ¥ZT-0d o |
i [ [SR
m | a11-0d 5 |
1 | -+ 1
m i 1 dTT-0d O !
| ! S
" ! 90T-0d o !
1 + 1
m ! M0T-Od § !
[ — o
m | O
| ' i
i ! i

<«
P
=
o
Upgradient

eeeeeeeeeaq9
COONOINT MmN —O
i

(7/6w) uoneJsuLdU0) RNIN

I Bascline ago/22

N M5 mai/23

W M8 (ago/23) W M11 (nov/23)

M M5 (mai/23)

Overall, geochemical parameters
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Downgradient/lateral wells

Close to Injection points

Upgradient

Downgradient/lateral wells
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Geochemical Parameters
TOC and Dissolved Iron

TOC (Total Organic Carbon)

1000

100

TOC (mg/L)
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M Baseline (ago/22) W M2 (fev/23) M5 (mai/23)

B M8 (ago/23)

W M11 (nov/23)

TOC
» Evidence for the distribution of ISCR reagent is based on TOC concentration (ISCR-IR has more than
40% of organic ingredients in the formula).

* Significant increase in TOC (=20 mg/L) indicates that ISCR reagent reached a monitoring well.

» Results demonstrated increase in TOC after injection event, mainly at wells close to injection points

Dissolved iron

» Ferrous iron greater than 1 mg/L are typically observed:
» Fe2+is produced during Fe3* reduction in anaerobic environments.
« Zero-valent iron is converted to Fe2* after reaction with chlorinated compounds

* Dissolved iron (assumed Fe2*) increased at wells close to the injection points.

Overall, both TOC and dissolved iron results suggest presence of the remedial agent
mainly at the locations close to the injection points.
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Microbial Shifts Over Time - Influence of ISCR

Injections
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Chlorinated Methanes — Carbon Tetrachloride
(CT) upper Aquifer Level

Baseline =
(Aug/22) |

Y IPO12R @ po.11R-2
» <16

Legend:
® Pogo de monltoramento amestrada - nivel superior
Sampled monitoring well - upper level
@® Pogo de monitoramento ndo amostrado
Mot sampled monitaring well

Tetracloreto de Carbono {puagfl]

Carbon Tetrachloride
Limite de Intervengao 2,0 pgil (CONAMA 420)
Intervention Limit 2.0 pg/l {CONAMA 420)

=2-20
20,1-200
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Chlorinated Methanes — Carbon Tetrachloride
(CT) upper Aquifer Level

Month 2
(Feb/23)

\',_'!'..

e et i e

£ o

o SN

Legend:
® Pogo de monltoramento amestrada - nivel superior
Sampled monitoring well - upper level

@® Pogo de monitoramento ndo amostrado
Mot sampled monitaring well

| { r i Tetracloreto de Carbono {ugiL]
| k s =
1 | I g T

Carbon Tetrachloride

; pm_:53 (&1 PM:-53B
;W

| 3 T , Limlte de Intervengan 2,0 pglL (CONAMA a20)
‘ L £ ¥ | M= . intervention Limit 2.0 ug/L (CONAMA 420)
_.{;J'-ﬂ i 1]

=2-20
16
20,1-200




Chlorinated Methanes — Carbon Tetrachloride
(CT) upper Aquifer Level

Month 5
(May/23)

o
—

Legend:
® Pogo de monltoramento amestrada - nivel superior
Sampled monitoring well - upper level
@® Pogo de monitoramento ndo amostrado
SETE g e
Mot sampled monitaring well

Tetracloreto de Carbono {puagfl]

Carbon Tetrachloride
Limite de Intervengao 2,0 pgil (CONAMA 420)
Intervention Limit 2.0 pg/l {CONAMA 420)

=2-20
20,1-200
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Chlorinated Methanes — Carbon Tetrachloride
(CT) upper Aquifer Level
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Legend:
® Pogo de monltoramento amestrada - nivel superior
Sampled monitoring well - upper level
Tnimanninan 5 - } @ Pogo de monitoramento ndo amostrado
B T, - Mot sampled monitaring well

Tetracloreto de Carbono {puagfl]

Carbon Tetrachloride
Limite de Intervengao 2,0 pgil (CONAMA 420)
Intervention Limit 2.0 pg/l {CONAMA 420)

=2-20
20,1-200
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Chlorinated Methanes — Carbon Tetrachloride (CT)
Upper Aquifer Level

Month 11
(Nov/23)

T
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Legend:
® Pogo de monltoramento amestrada - nivel superior
Sampled monitoring well - upper level

@® Pogo de monitoramento ndo amostrado
Mot sampled monitaring well

Tetracloreto de Carbono {puagfl]

Carbon Tetrachloride
Limite de Intervengao 2,0 pgil (CONAMA 420)
Intervention Limit 2.0 pg/l {CONAMA 420)

=2-20
20,1-200
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Chlorinated Methanes — Chloroform (CF)

Upper Aquifer Level

0'PLE

Pl o e

Legend:

. Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

® Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Cloroférmio (pgrL)
Chloroform

Limite de Intervencéo 200,00 pg/L (CONAMA 420)
Intervention Limit 200.00 pg/L (CONAMA 420)

=200 -2.000
>2.000,1 20



Chlorinated Methanes — Chloroform (CF)
Upper Aquifer Level

Month 2 &8
(Feb/23)
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Legend:

. Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

® Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Cloroférmio (pgrL)
Chloroform

Limite de Intervencéo 200,00 pg/L (CONAMA 420)
Intervention Limit 200.00 pg/L (CONAMA 420)

=200 -2.000
>2.000,1 21



Chlorinated Methanes — Chloroform (CF)

Upper Aquifer Le

=

Month 5

(May/23)

vel

-

L

[
.Ililr:

i

Y s

PN 51
a
B0

2 e
¥-s

B

BMI73
PM_30)
<150

Legend:

. Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

® Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Cloroférmio (pgrL)
Chloroform

Limite de Intervencéo 200,00 pg/L (CONAMA 420)
Intervention Limit 200.00 pg/L (CONAMA 420)

=200 -2.000
>2.000,1 22



Chlorinated Methanes — Chloroform (CF)

Upper Aquifer Level

Month 8
(Aug/23)

Legend:

. Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

® Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Cloroférmio (pgrL)
Chloroform

Limite de Intervencéo 200,00 pg/L (CONAMA 420)
Intervention Limit 200.00 pg/L (CONAMA 420)

=200 -2.000
>2.000,1 23



Chlorinated Methanes — Chloroform (CF)

Upper Aquifer Level

PM:73

PM274

Legend:
. Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

® Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Cloroférmio
Chloroform

Limite de Intervencéo 200,00 pg/L (CONAMA 420)
Intervention Limit 200.00 pg/L (CONAMA 420)

=200 -2.000
>2.000,1 24



Chlorinated Methanes — Dichloromethane
(DCM) - upper Aquifer Level

Baseline | = | | gy

Aug/ZZ)! = eleii . ¢ Hi

=4}

- n'tr:LE'.

e e e

Legend:

@ Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

@ Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Diclorometano L]
Dichjoromethane

Limite de Intervencéo 20,00 pg/L (CONAMA 420)

Intervention Limit 20.00 ug/L (CONAMA 420)
=20 - 200
200,1 - 2.000 25
=2.000,1




Chlorinated Methanes — Dichloromethane
(DCM) — upper Aquifer Level

(Feb/23) ,:.-.'__:.-..; ‘ |
» .

papinanninie
I FTEITELELL L]
( EOTTOTT A e b { Legend:
Ll - 11 |- ) @® Pogo de menitoramento amostrade - nivel superior
| Sampled monitoring well - upper level

@ Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Diclorometano L]
Dichjoromethane

Limite de Intervengéo 20,00 pg/L (CONAMA 420)
Intervention Limit 20.00 pg/L (CONAMA 420)

=20 - 200
200,1 - 2.000 26
=2.000,1




Chlorinated Methanes - Dichloromethane
(DCM) - Upper Aquer Level

Month 5
(May/23)

‘.-

PO-12R

<200
im‘ua
)

Legend:
Pogo de monitoramento amostrado - nivel superior

® Sampled monitoring well - upper level

@ Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Diclorometano L]
Dichjoromethane

Limite de Intervengéo 20,00 pg/L (CONAMA 420)
Intervention Limit 20.00 pg/L (CONAMA 420)

=20 - 200
200,1 - 2.000 27
=2.000,1




Chlorinated Methanes — Dichloromethane
(DCM) - upper Aquer Level

Month 8 |
(Aug/23) |
" ]

PM- 54
<20 'u : : -
= Legend:
E . @ Pogo de monitoramento amostrado - nivel superior
w | Sampled monitoring well - upper level
Pogo de monitoramento ndo amostrado
EM 538 § 1 @ Not sampled monitoring well
Diclorometano L]
Dichjoromethane
Limite de Intervengéo 20,00 pg/L (CONAMA 420)
Intervention Limit 20.00 pg/L (CONAMA 420)

=20 - 200
200,1 - 2.000 28
=2.000,1
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Chlorinated Methanes — Dichloromethane
(DCM) - upper Aquifer Level

Month 11 = [
(Nov/23) | —

(3

Legend:

® Pogo de monitoramento amostrado - nivel superior
Sampled monitoring well - upper level

) Pogo de monitoramento ndo amostrado
Not sampled monitoring well

Diclorometano L]
Dichloromethane

Limite de Intervencéo 20,00 pg/L (CONAMA 420)
Intervention Limit 20.00 pg/L (CONAMA 420)

=20 - 200
200,1 - 2.000 29
>2.000,1
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Integration of
Results

Integration of Geochemical,
Analytical and Microbial
Sequencing data.

Ordination method (NMDS -
nonmetric multidimensional
scaling) that indicates the
similarity (or distance)
between samples;

Monitoring wells grouped
per location;

NMDS2

0.04

NMDS of all samples, stress = 0.184

| ]
FOVIRGu W& 2

Downgradient with injection

I-'LI'L'!P.-'-L- 2

FO11H_M5_2

-‘-‘:}11! M5_2

L"'Ii..'l! ME_2
Downgradient without injection

-
. FRlT0oupn M2 2
FOTIRdup BN

1N

PMT I'-* Mz2_Z F

»

PRUZE MB 2

28 M2 2

Dichloromethane g jifide Center of
Pz 2 mass pOSt—
e T |nJect|On
co1 a2
External area
_|:|'_4 |:|I|:| D!d-

NMDS 1

Location

:::::::
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Conclusions and Lessons Learned
-

= Carbon tetrachloride (CT) and chloroform (CF) were substantially reduced after 2 injection
events;

= CT was likely reduced abioticatically;
= Strong evidence for the biological degradation of CF/DCM (dichloromethane) was observed;
= [SCR injection promoted shifts in microbial communities towards anaerobic genera;

= CF and DCM degraders were present at the center of mass and their concentrations
decreased over time as CF/DCM plumes were shrinking;

= Dehalobacter and C. Dichloromethanomonas were key players in chlorinated methanes
degradation. Reductive dehalogenases from Dehalobacter that act on CF were abundant as
well.
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Disclaimer

This presentation has been prepared
by a representative of Worley.

The presentation contains the professional and personal opinions of the
presenter, which are given in good faith. As such, opinions presented
herein may not always necessarily reflect the position of Worley as a whole,
its officers or executive.

Any forward-looking statements included in this presentation will involve
subjective judgment and analysis and are subject to uncertainties, risks
and contingencies—many of which are outside the control of, and may be
unknown to, Worley.

Worley and all associated entities and representatives make no
representation or warranty as to the accuracy, reliability or completeness
of information in this document and do not take responsibility for updating
any information or correcting any error or omission that may become
apparent after this document has been issued.

To the extent permitted by law, Worley and its officers, employees, related
bodies and agents disclaim all liability—direct, indirect or consequential
(and whether or not arising out of the negligence, default or lack of care of
Worley and/or any of its agents)—for any loss or damage suffered by a
recipient or other persons arising out of, or in connection with, any use or
reliance on this presentation or information.




