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Site Context
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2005

jan/2008

abr/
2008

Pilot System 
Start-up 
(internal area)

Pilot System 
Start-up 
(external area)

Full-scale System 
Start-up (Phase 1)

Full-Scale System 
Start-up (Phase 2)

jan/2011
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jun/2013

ago/2019

DPT Injection

Pilot

DPT

Phase 1

Phase 2

Pilot

Worley

Intervention History

HHRA 

reco
mmendatons

Other consultancies

§ 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. 



Evolution of Carbon 
Tetrachloride Plume
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Evolution of 
Chloroform Plume
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Commingled plume

Solution?

The Challenge and Our Solution
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Chlorinated ethanes Chlorinated ethenes Chlorinated methanes

Cl
C
H

Combine biotic and 
abiotic strategies to 

optimize COIs 
degradation

ISCR-IR:
ZVI + Organic 
components

The reaction of COIs with ZVI can 
stimulate abiotic degradation and the 

presence of organic components leads to 
the formation of H2 that supports growth 
of organohalide respirers that mediate 

dechlorination reactions

Combined abiotic and Combined abiotic and 
biotic strategies can biotic strategies can 

optimize dechlorination optimize dechlorination 
rates and allow for more rates and allow for more 
effective degradation of effective degradation of 

COIs. COIs. 

ISCR-IR: Active principle is basically 
composed of organic matter and zero 

valent iron (ZVI). This promotes a 
synergistic effect of the biological and 

abiotic reactions

Carbon 
tetrachloride

Chloroform

Dichloromethane

Chloromethane

Methane

Acetate | formate
H2 ,CO2

Abiotic degradation

Biological degradation



          Phase 2 Injection Points

Injection points 
Quantity Radius of 

influence 
(m)

Injection 
points

Layers per 
point

IP (plume) 10 4 4.0
PRB (permeable 
reactive barrier) 5 4 3.0

Total 15 - -

Injection points 

Quantity Radius of 
influence 

(m)
Injection 
points

Layers per 
point

IP (plume) 33 4 2.5

ISCR-IR Injection Event
Phase 1 – Executed in Nov/2020

Phase 2 – Executed in Aug/2022

1st step:

• Grab samples in rush time to refine plumes and optimize injection points 
distribution

2nd step:

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

          Phase 1 Injection Points
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Monitoring Program
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Oct
2020

Feb
2021

May
2023

Feb
2023

Oct
2022

Aug
2022

Nov
2021

Aug
2021

May
2021

Aug
2023

Nov
2023

Nov
2020

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

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

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

§ Geochemical parameters (quaterly): TOC | NO3
- | dissolved iron | SO4

2- | S2- | CH4;

§ COIs concentrations (quaterly);

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

CSM Refinement



Phase II
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).
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Injection eventWell ID Baseline 
aug/22

M-partial 
nov/22

M0 
dec/22

M1 
jan/23

M2 
feb/23

M3 
mar/23

M4 
apr/23

M5 
may/23

M6 
jun/23

M7 
jul/23

M8 
aug/23

M9 
sep/23

M10 
oct/23

M11 
nov/23

Wells upgradient from injection points
PM-70 90 -34 170 -58 20 47 -69 68 -105 -25 -15 352 361 352
PM-84 440 60 273 108 -115 74 460 88 401 3 10 407 418 407
PM-86 171 27 388 201 60 182 -75 -95 -10 -24 -20 448 462 448

Wells close to injection points
PM-82 309 -116 -60 -98 101 -177 -82 -123 -147 67 72 215 221 215
PM-82B 179 -255 -80 -95 20 -149 -59 -131 -92 60 154 327 338 327
PO-10R 49 -165 -140 -175 -201 -83 -62 -102 -100 -100 -69 105 324 -83
PO-10B -71 -191 -74 -130 -131 -11 -90 -96 -111 -111 -60 80 -22 -11
PO-11R 61 32 301 -101 123 -120 -88 -122 -70 -70 -79 30 -87 -120
PO-11B -29 59 120 -98 113 -102 -91 -156 -31 -31 -80 40 -120 -102
PO-12R 60 73 -79 -60 -159 -147 -135 -121 -80 -80 -183 -20 225 -147
PO-12B 190 -47 -80 74 -151 -177 -108 -96 -16 -16 -125 27 353 -177

Wells located laterally or downgradient from the injection points
PM-26 -140 -185 7 -21 65 -53 -148 -32 -30 -148 -133 -101 -108 -101
PM-34 -40 -153 -1 -180 18 -35 -119 -41 -61 -150 -141 -167 -172 -167
PM-36 -76 -140 -125 -195 20 -71 -109 -62 -20 -130 -133 -140 -148 -140
PM-54 180 -160 -75 -105 114 -101 -152 -98 -160 -165 -144 -154 -161 -154
PM-83 320 237 310 -105 -159 -156 446 -126 -78 -55 -40 354 362 351
PM-85 390 190 35 -54 65 33 -32 148 -15 -139 -121 342 338 342
PO-13R 109 45 400 200 140 123 -28 127 331 101 95 371 388 371

Wells located at the External Area
PM-51 33 - -67 -166 220 249 255 246 231 201 - - - -
PM-30 150 - 80 -20 375 402 345 388 301 251 - - 302 -

Time

D
is

ta
n

ce



Geochemical Parameters
Nitrate, sulfate, sulfide and methane 
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• Progressively lower concentration of nitrate and 
sulfate and higher concentrations of sulfide and 
methane are expected under anaerobic 
environments.

• Nitrate. Wells located in close to injection points 
are consistent with anaerobic environments (less 
than 1.0 mg/L). 

• Sulfate concentrations are lower in wells located 
close to the injection points and consistent with 
anaerobic environments (mostly below 50 mg/L).

• Sulfide is produced during sulfate reduction. 
Greater values were mainly observed close to the 
injection points.

• Methane production can indicate the 
environment is strongly anaerobic. Methane 
concentrations were higher after injection event 
(M2 and M5) in wells close to the injection points. 
Downgradient wells also showed high 
concentrations during baseline campaign that 
may reflect previous molasses injections. The 
concentrations observed during M2 and M5 are 
lower than the baseline.

• Overall, geochemical parameters indicate 
that anaerobic conditions are being 
established at the site, which are favorable 
conditions for the occurrence of reductive 
dechlorination.
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Overall, geochemical parameters 
indicate that anaerobic conditions were 

established at the site



Geochemical Parameters
TOC and Dissolved Iron
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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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Baseline Month 2 Month 5 Month 8

Aerobes

Methanogens

Unknown / facultative
Other anaerobes

xxE+08

xxE+07

xxE+05

xxE+03

Upgradient wells 
(outside ROI)

PM-70

PM-86

Center of mass 
wells

(within ROI)

PM-82B

PM-82

Microbial shifted towards 
anaerobic genera after 

the injection

ISCR-IR 
injection



Chlorinated Methanes – Carbon Tetrachloride 
(CT) Upper Aquifer Level
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Well ID

Carbon Tetrachloride
CONAMA 420 – 2.00 µg/L

Baseline
ago/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-84 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-86 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Close to Injection 
points

PM-82 94.00 < 1.6 < 1.6 < 1.6 < 1.6
PM-82B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10R 50.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-11B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-11R 7.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-12B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-12R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-26 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Downgradient/
lateral wells

PM-34 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-36 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-54 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-83 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-85 2.90 2.80 < 1.6 < 1.6 < 1.6
PO-13R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-30 < 1.6 < 1.6 < 1.6 NA NA
PM-51 < 1.6 < 1.6 < 1.6 NA NA

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

• CT concentrations decreased after the injection event in the 
upper aquifer level, and remained below QL from M5 
onwards.

• In the lower aquifer level, CT concentrations were below the 
laboratory QL in all wells during all campaings (baseline, M2, 
M5, M8 and M11).

M2
(Feb/23)

M5
(May/23) M8

(Aug/23)

Baseline
(Aug/22)

M11
(Nov/23)



Baseline
(Aug/22)

Chlorinated Methanes – Carbon Tetrachloride 
(CT) Upper Aquifer Level
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Well ID

Carbon Tetrachloride
CONAMA 420 – 2.00 µg/L

Baseline
ago/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-84 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-86 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Close to Injection 
points

PM-82 94.00 < 1.6 < 1.6 < 1.6 < 1.6
PM-82B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10R 50.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-11B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-11R 7.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-12B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-12R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-26 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Downgradient/
lateral wells

PM-34 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-36 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-54 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-83 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-85 2.90 2.80 < 1.6 < 1.6 < 1.6
PO-13R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-30 < 1.6 < 1.6 < 1.6 NA NA
PM-51 < 1.6 < 1.6 < 1.6 NA NA

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

• CT concentrations decreased after the injection event in the 
upper aquifer level, and remained below QL from M5 
onwards.

• In the lower aquifer level, CT concentrations were below the 
laboratory QL in all wells during all campaings (baseline, M2, 
M5, M8 and M11).

Month 2
(Feb/23)

M5
(May/23) M8

(Aug/23) M11
(Nov/23)



Baseline
(Aug/22)

Chlorinated Methanes – Carbon Tetrachloride 
(CT) Upper Aquifer Level
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Well ID

Carbon Tetrachloride
CONAMA 420 – 2.00 µg/L

Baseline
ago/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-84 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-86 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Close to Injection 
points

PM-82 94.00 < 1.6 < 1.6 < 1.6 < 1.6
PM-82B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10R 50.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-11B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-11R 7.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-12B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-12R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-26 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Downgradient/
lateral wells

PM-34 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-36 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-54 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-83 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-85 2.90 2.80 < 1.6 < 1.6 < 1.6
PO-13R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-30 < 1.6 < 1.6 < 1.6 NA NA
PM-51 < 1.6 < 1.6 < 1.6 NA NA

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

• CT concentrations decreased after the injection event in the 
upper aquifer level, and remained below QL from M5 
onwards.

• In the lower aquifer level, CT concentrations were below the 
laboratory QL in all wells during all campaings (baseline, M2, 
M5, M8 and M11).

M2
(Feb/23)
Month 5
(May/23)

M8
(Aug/23) M11

(Nov/23)



Baseline
(Aug/22)

Chlorinated Methanes – Carbon Tetrachloride 
(CT) Upper Aquifer Level
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Well ID

Carbon Tetrachloride
CONAMA 420 – 2.00 µg/L

Baseline
ago/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-84 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-86 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Close to Injection 
points

PM-82 94.00 < 1.6 < 1.6 < 1.6 < 1.6
PM-82B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10R 50.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-11B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-11R 7.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-12B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-12R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-26 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Downgradient/
lateral wells

PM-34 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-36 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-54 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-83 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-85 2.90 2.80 < 1.6 < 1.6 < 1.6
PO-13R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-30 < 1.6 < 1.6 < 1.6 NA NA
PM-51 < 1.6 < 1.6 < 1.6 NA NA

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

• CT concentrations decreased after the injection event in the 
upper aquifer level, and remained below QL from M5 
onwards.

• In the lower aquifer level, CT concentrations were below the 
laboratory QL in all wells during all campaings (baseline, M2, 
M5, M8 and M11).

M2
(Feb/23)

M5
(May/23)
Month 8
(Aug/23)

M11
(Nov/23)



Baseline
(Aug/22)

Chlorinated Methanes – Carbon Tetrachloride (CT) 
Upper Aquifer Level
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Well ID

Carbon Tetrachloride
CONAMA 420 – 2.00 µg/L

Baseline
ago/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-84 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-86 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Close to Injection 
points

PM-82 94.00 < 1.6 < 1.6 < 1.6 < 1.6
PM-82B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-10R 50.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-11B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-11R 7.00 < 1.6 < 1.6 < 1.6 < 1.6
PO-12B < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PO-12R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-26 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6

Downgradient/
lateral wells

PM-34 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-36 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-54 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-83 < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-85 2.90 2.80 < 1.6 < 1.6 < 1.6
PO-13R < 1.6 < 1.6 < 1.6 < 1.6 < 1.6
PM-30 < 1.6 < 1.6 < 1.6 NA NA
PM-51 < 1.6 < 1.6 < 1.6 NA NA

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

• CT concentrations decreased after the injection event in the 
upper aquifer level, and remained below QL from M5 
onwards.

• In the lower aquifer level, CT concentrations were below the 
laboratory QL in all wells during all campaings (baseline, M2, 
M5, M8 and M11).

M2
(Feb/23)

M5
(May/23)

M8
(Aug/23)
Month 11
(Nov/23)



Well

Chloroform
CONAMA 420 – 200 µg/L

Baseline
ago/22

M2
fev/23

M5
mai/23

M8
ago/23

M11
nov/23

Upgradient
PM-70 81.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-84 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-86 < 5.0 < 5.0 5.20 < 5.0 < 5.0

Close to Injection 
points

PM-82 40,538.00 < 5.0 53,906.00 33 274.00
PM-82B 306.00 7.00 < 5.0 < 5.0 < 5.0
PO-10B < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PO-10R 264.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11B 21.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11R 396.00 < 5.0 < 5.0 < 5.0 7
PO-12B 34.00 < 5.0 < 5.0 < 5.0 8.3
PO-12R 19.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-26 94.00 < 5.0 < 5.0 < 5.0 < 5.0

Downgradient/
lateral wells

PM-34 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-36 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-54 8.10 < 5.0 < 5.0 < 5.0 < 5.0
PM-83 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-85 293.00 204.00 141.00 < 5.0 28
PO-13R < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-30 < 5.0 11.00 < 5.0 NA NA
PM-51 212.00 19.00 74.00 NA NA20

Chlorinated Methanes – Chloroform (CF)
Upper Aquifer Level

• CF concentrations decreased significantly right after the injection on the upper 
aquifer level (M2) and rebounded in M5 campaign. The concentrations 
decreased significantly in M8 (below IV) and M11 (slightly above IV) 
campaigns.

• In the lower level of the aquifer, concentrations were above IV only during 
baseline in PM-82B but decreased in the post-injection campaigns. 

M5
(May/23)

M2
(Feb/23)

Baseline
(Aug/22)

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)



Well

Chloroform
CONAMA 420 – 200 µg/L

Baseline
ago/22

M2
fev/23

M5
mai/23

M8
ago/23

M11
nov/23

Upgradient
PM-70 81.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-84 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-86 < 5.0 < 5.0 5.20 < 5.0 < 5.0

Close to Injection 
points

PM-82 40,538.00 < 5.0 53,906.00 33 274.00
PM-82B 306.00 7.00 < 5.0 < 5.0 < 5.0
PO-10B < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PO-10R 264.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11B 21.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11R 396.00 < 5.0 < 5.0 < 5.0 7
PO-12B 34.00 < 5.0 < 5.0 < 5.0 8.3
PO-12R 19.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-26 94.00 < 5.0 < 5.0 < 5.0 < 5.0

Downgradient/
lateral wells

PM-34 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-36 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-54 8.10 < 5.0 < 5.0 < 5.0 < 5.0
PM-83 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-85 293.00 204.00 141.00 < 5.0 28
PO-13R < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-30 < 5.0 11.00 < 5.0 NA NA
PM-51 212.00 19.00 74.00 NA NA21

Chlorinated Methanes – Chloroform (CF)
Upper Aquifer Level

• CF concentrations decreased significantly right after the injection on the upper 
aquifer level (M2) and rebounded in M5 campaign. The concentrations 
decreased significantly in M8 (below IV) and M11 (slightly above IV) 
campaigns.

• In the lower level of the aquifer, concentrations were above IV only during 
baseline in PM-82B but decreased in the post-injection campaigns. 

M5
(May/23)

Month 2
(Feb/23)

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)



Well

Chloroform
CONAMA 420 – 200 µg/L

Baseline
ago/22

M2
fev/23

M5
mai/23

M8
ago/23

M11
nov/23

Upgradient
PM-70 81.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-84 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-86 < 5.0 < 5.0 5.20 < 5.0 < 5.0

Close to Injection 
points

PM-82 40,538.00 < 5.0 53,906.00 33 274.00
PM-82B 306.00 7.00 < 5.0 < 5.0 < 5.0
PO-10B < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PO-10R 264.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11B 21.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11R 396.00 < 5.0 < 5.0 < 5.0 7
PO-12B 34.00 < 5.0 < 5.0 < 5.0 8.3
PO-12R 19.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-26 94.00 < 5.0 < 5.0 < 5.0 < 5.0

Downgradient/
lateral wells

PM-34 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-36 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-54 8.10 < 5.0 < 5.0 < 5.0 < 5.0
PM-83 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-85 293.00 204.00 141.00 < 5.0 28
PO-13R < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-30 < 5.0 11.00 < 5.0 NA NA
PM-51 212.00 19.00 74.00 NA NA22

Chlorinated Methanes – Chloroform (CF)
Upper Aquifer Level

• CF concentrations decreased significantly right after the injection on the upper 
aquifer level (M2) and rebounded in M5 campaign. The concentrations 
decreased significantly in M8 (below IV) and M11 (slightly above IV) 
campaigns.

• In the lower level of the aquifer, concentrations were above IV only during 
baseline in PM-82B but decreased in the post-injection campaigns. 

M5
(May/23)

M2
(Feb/23)

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)

Month 5
(May/23)



Well

Chloroform
CONAMA 420 – 200 µg/L

Baseline
ago/22

M2
fev/23

M5
mai/23

M8
ago/23

M11
nov/23

Upgradient
PM-70 81.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-84 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-86 < 5.0 < 5.0 5.20 < 5.0 < 5.0

Close to Injection 
points

PM-82 40,538.00 < 5.0 53,906.00 33 274.00
PM-82B 306.00 7.00 < 5.0 < 5.0 < 5.0
PO-10B < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PO-10R 264.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11B 21.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11R 396.00 < 5.0 < 5.0 < 5.0 7
PO-12B 34.00 < 5.0 < 5.0 < 5.0 8.3
PO-12R 19.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-26 94.00 < 5.0 < 5.0 < 5.0 < 5.0

Downgradient/
lateral wells

PM-34 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-36 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-54 8.10 < 5.0 < 5.0 < 5.0 < 5.0
PM-83 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-85 293.00 204.00 141.00 < 5.0 28
PO-13R < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-30 < 5.0 11.00 < 5.0 NA NA
PM-51 212.00 19.00 74.00 NA NA23

Chlorinated Methanes – Chloroform (CF)
Upper Aquifer Level

• CF concentrations decreased significantly right after the injection on the upper 
aquifer level (M2) and rebounded in M5 campaign. The concentrations 
decreased significantly in M8 (below IV) and M11 (slightly above IV) 
campaigns.

• In the lower level of the aquifer, concentrations were above IV only during 
baseline in PM-82B but decreased in the post-injection campaigns. 

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

Month 8
(Aug/23)

M11
(Nov/23)



Well

Chloroform
CONAMA 420 – 200 µg/L

Baseline
ago/22

M2
fev/23

M5
mai/23

M8
ago/23

M11
nov/23

Upgradient
PM-70 81.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-84 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-86 < 5.0 < 5.0 5.20 < 5.0 < 5.0

Close to Injection 
points

PM-82 40,538.00 < 5.0 53,906.00 33 274.00
PM-82B 306.00 7.00 < 5.0 < 5.0 < 5.0
PO-10B < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PO-10R 264.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11B 21.00 < 5.0 < 5.0 < 5.0 < 5.0
PO-11R 396.00 < 5.0 < 5.0 < 5.0 7
PO-12B 34.00 < 5.0 < 5.0 < 5.0 8.3
PO-12R 19.00 < 5.0 < 5.0 < 5.0 < 5.0
PM-26 94.00 < 5.0 < 5.0 < 5.0 < 5.0

Downgradient/
lateral wells

PM-34 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-36 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-54 8.10 < 5.0 < 5.0 < 5.0 < 5.0
PM-83 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-85 293.00 204.00 141.00 < 5.0 28
PO-13R < 5.0 < 5.0 < 5.0 < 5.0 < 5.0
PM-30 < 5.0 11.00 < 5.0 NA NA
PM-51 212.00 19.00 74.00 NA NA24

Chlorinated Methanes – Chloroform (CF)
Upper Aquifer Level

• CF concentrations decreased significantly right after the injection on the upper 
aquifer level (M2) and rebounded in M5 campaign. The concentrations 
decreased significantly in M8 (below IV) and M11 (slightly above IV) 
campaigns.

• In the lower level of the aquifer, concentrations were above IV only during 
baseline in PM-82B but decreased in the post-injection campaigns. 

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

Month 11
(Nov/23)



Chlorinated Methanes – Dichloromethane 
(DCM) – Upper Aquifer Level

25

Baseline
(Aug/22)

M2
(Feb/23)

M5
(May/23)

Well

Dichloromethane
CONAMA 420 - 20 µg/L

Baseline
aug/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 20 < 20 < 20 < 20 < 20
PM-84 < 20 < 20 < 20 < 20 < 20
PM-86 < 20 < 20 < 20 < 20 < 20

Close to Injection 
points

PM-82 < 20 246.00 20,476.00 < 20 < 20
PM-82B 1,560.00 < 20 < 20 < 20 < 20
PO-10B < 20 < 20 < 20 < 20 < 20
PO-10R < 20 < 20 < 20 < 20 < 20
PO-11B < 20 < 20 < 20 < 20 < 20
PO-11R < 20 < 20 < 20 < 20 < 20
PO-12B < 20 < 20 < 20 < 20 < 20
PO-12R < 20 < 20 < 20 < 20 < 20
PM-26 < 20 < 20 < 20 < 20 < 20

Downgradient/
lateral wells

PM-34 < 20 < 20 < 20 < 20 < 20
PM-36 < 20 < 20 < 20 < 20 < 20
PM-54 < 20 < 20 < 20 < 20 < 20
PM-83 < 20 < 20 < 20 < 20 < 20
PM-85 < 20 < 20 < 20 < 20 < 20
PO-13R < 20 < 20 < 20 < 20 < 20
PM-30 < 20 < 20 < 20 NA NA
PM-51 < 20 < 20 < 20 NA NA

• CF degradation produces DCM as a byproduct. DCM concentrations 
increased following the injection event, which suggests ongoing CF 
degradation;

• Likewise, chloromethane was also detected in PM-82, which suggests 
CF/DCM degradation is ongoing at this location.

• In the lower level of the aquifer, DCM concentrations were detected 
during baseline campaign (only in PM-82B), which may reflect CF 
degradation process ongoing in the center of mass

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)



Chlorinated Methanes – Dichloromethane 
(DCM) – Upper Aquifer Level

26

Baseline
(Aug/22)
Month 2
(Feb/23)

M5
(May/23)

Well

Dichloromethane
CONAMA 420 - 20 µg/L

Baseline
aug/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 20 < 20 < 20 < 20 < 20
PM-84 < 20 < 20 < 20 < 20 < 20
PM-86 < 20 < 20 < 20 < 20 < 20

Close to Injection 
points

PM-82 < 20 246.00 20,476.00 < 20 < 20
PM-82B 1,560.00 < 20 < 20 < 20 < 20
PO-10B < 20 < 20 < 20 < 20 < 20
PO-10R < 20 < 20 < 20 < 20 < 20
PO-11B < 20 < 20 < 20 < 20 < 20
PO-11R < 20 < 20 < 20 < 20 < 20
PO-12B < 20 < 20 < 20 < 20 < 20
PO-12R < 20 < 20 < 20 < 20 < 20
PM-26 < 20 < 20 < 20 < 20 < 20

Downgradient/
lateral wells

PM-34 < 20 < 20 < 20 < 20 < 20
PM-36 < 20 < 20 < 20 < 20 < 20
PM-54 < 20 < 20 < 20 < 20 < 20
PM-83 < 20 < 20 < 20 < 20 < 20
PM-85 < 20 < 20 < 20 < 20 < 20
PO-13R < 20 < 20 < 20 < 20 < 20
PM-30 < 20 < 20 < 20 NA NA
PM-51 < 20 < 20 < 20 NA NA

• CF degradation produces DCM as a byproduct. DCM concentrations 
increased following the injection event, which suggests ongoing CF 
degradation;

• Likewise, chloromethane was also detected in PM-82, which suggests 
CF/DCM degradation is ongoing at this location.

• In the lower level of the aquifer, DCM concentrations were detected 
during baseline campaign (only in PM-82B), which may reflect CF 
degradation process ongoing in the center of mass

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)



Chlorinated Methanes – Dichloromethane 
(DCM) – Upper Aquifer Level

27

Baseline
(Aug/22)

M2
(Feb/23)
Month 5
(May/23)

Well

Dichloromethane
CONAMA 420 - 20 µg/L

Baseline
aug/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 20 < 20 < 20 < 20 < 20
PM-84 < 20 < 20 < 20 < 20 < 20
PM-86 < 20 < 20 < 20 < 20 < 20

Close to Injection 
points

PM-82 < 20 246.00 20,476.00 < 20 < 20
PM-82B 1,560.00 < 20 < 20 < 20 < 20
PO-10B < 20 < 20 < 20 < 20 < 20
PO-10R < 20 < 20 < 20 < 20 < 20
PO-11B < 20 < 20 < 20 < 20 < 20
PO-11R < 20 < 20 < 20 < 20 < 20
PO-12B < 20 < 20 < 20 < 20 < 20
PO-12R < 20 < 20 < 20 < 20 < 20
PM-26 < 20 < 20 < 20 < 20 < 20

Downgradient/
lateral wells

PM-34 < 20 < 20 < 20 < 20 < 20
PM-36 < 20 < 20 < 20 < 20 < 20
PM-54 < 20 < 20 < 20 < 20 < 20
PM-83 < 20 < 20 < 20 < 20 < 20
PM-85 < 20 < 20 < 20 < 20 < 20
PO-13R < 20 < 20 < 20 < 20 < 20
PM-30 < 20 < 20 < 20 NA NA
PM-51 < 20 < 20 < 20 NA NA

• CF degradation produces DCM as a byproduct. DCM concentrations 
increased following the injection event, which suggests ongoing CF 
degradation;

• Likewise, chloromethane was also detected in PM-82, which suggests 
CF/DCM degradation is ongoing at this location.

• In the lower level of the aquifer, DCM concentrations were detected 
during baseline campaign (only in PM-82B), which may reflect CF 
degradation process ongoing in the center of mass

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)

M11
(Nov/23)



Chlorinated Methanes – Dichloromethane 
(DCM) – Upper Aquifer Level

28

Baseline
(Aug/22)

M2
(Feb/23)

M5
(May/23)

Well

Dichloromethane
CONAMA 420 - 20 µg/L

Baseline
aug/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 20 < 20 < 20 < 20 < 20
PM-84 < 20 < 20 < 20 < 20 < 20
PM-86 < 20 < 20 < 20 < 20 < 20

Close to Injection 
points

PM-82 < 20 246.00 20,476.00 < 20 < 20
PM-82B 1,560.00 < 20 < 20 < 20 < 20
PO-10B < 20 < 20 < 20 < 20 < 20
PO-10R < 20 < 20 < 20 < 20 < 20
PO-11B < 20 < 20 < 20 < 20 < 20
PO-11R < 20 < 20 < 20 < 20 < 20
PO-12B < 20 < 20 < 20 < 20 < 20
PO-12R < 20 < 20 < 20 < 20 < 20
PM-26 < 20 < 20 < 20 < 20 < 20

Downgradient/
lateral wells

PM-34 < 20 < 20 < 20 < 20 < 20
PM-36 < 20 < 20 < 20 < 20 < 20
PM-54 < 20 < 20 < 20 < 20 < 20
PM-83 < 20 < 20 < 20 < 20 < 20
PM-85 < 20 < 20 < 20 < 20 < 20
PO-13R < 20 < 20 < 20 < 20 < 20
PM-30 < 20 < 20 < 20 NA NA
PM-51 < 20 < 20 < 20 NA NA

• CF degradation produces DCM as a byproduct. DCM concentrations 
increased following the injection event, which suggests ongoing CF 
degradation;

• Likewise, chloromethane was also detected in PM-82, which suggests 
CF/DCM degradation is ongoing at this location.

• In the lower level of the aquifer, DCM concentrations were detected 
during baseline campaign (only in PM-82B), which may reflect CF 
degradation process ongoing in the center of mass

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

Month 8
(Aug/23)

M11
(Nov/23)



Chlorinated Methanes – Dichloromethane 
(DCM) – Upper Aquifer Level

29

Baseline
(Aug/22)

M2
(Feb/23)

M5
(May/23)

Well

Dichloromethane
CONAMA 420 - 20 µg/L

Baseline
aug/22

M2
feb/23

M5
may/23

M8
aug/23

M11
nov/23

Upgradient
PM-70 < 20 < 20 < 20 < 20 < 20
PM-84 < 20 < 20 < 20 < 20 < 20
PM-86 < 20 < 20 < 20 < 20 < 20

Close to Injection 
points

PM-82 < 20 246.00 20,476.00 < 20 < 20
PM-82B 1,560.00 < 20 < 20 < 20 < 20
PO-10B < 20 < 20 < 20 < 20 < 20
PO-10R < 20 < 20 < 20 < 20 < 20
PO-11B < 20 < 20 < 20 < 20 < 20
PO-11R < 20 < 20 < 20 < 20 < 20
PO-12B < 20 < 20 < 20 < 20 < 20
PO-12R < 20 < 20 < 20 < 20 < 20
PM-26 < 20 < 20 < 20 < 20 < 20

Downgradient/
lateral wells

PM-34 < 20 < 20 < 20 < 20 < 20
PM-36 < 20 < 20 < 20 < 20 < 20
PM-54 < 20 < 20 < 20 < 20 < 20
PM-83 < 20 < 20 < 20 < 20 < 20
PM-85 < 20 < 20 < 20 < 20 < 20
PO-13R < 20 < 20 < 20 < 20 < 20
PM-30 < 20 < 20 < 20 NA NA
PM-51 < 20 < 20 < 20 NA NA

• CF degradation produces DCM as a byproduct. DCM concentrations 
increased following the injection event, which suggests ongoing CF 
degradation;

• Likewise, chloromethane was also detected in PM-82, which suggests 
CF/DCM degradation is ongoing at this location.

• In the lower level of the aquifer, DCM concentrations were detected 
during baseline campaign (only in PM-82B), which may reflect CF 
degradation process ongoing in the center of mass

Notes: Wells highlighted in blue are installed in the lower level of the aquifer. Concentrations highlighted in brown are above IV.  

M8
(Aug/23)
Month 11
(Nov/23)



Presence of degraders |associated functional 
genes x COIs
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Downgradient without injection

Downgradient with injection

External area

Upgradient well

Center of 
mass post-
injection

§ 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;
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§ 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; 

§ ISCR 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.



QA&
33



worley.com

Contact Us:
Debora Ramos
+[55] 41996334568
debora.ramos@worley.com

http://www.worley.com/


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 
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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.
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